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Hazard Mitigation 

In the United States, a number of agencies are charged with managing natural 

hazards. The U.S. Geological Survey (USGS) (geologic hazards), the National 

Oceanic and Atmospheric Administration (NOAA) (weather-related hazards), 

the U.S. Army Corps of Engineers (flooding and disaster response), the Centers 

for Disease Control (environmental disease), the U.S. Forest Service (wildfires), 

and the Environmental Protection Agency (contaminants) all have responsibility 

for specific hazards. The Federal Emergency Management Agency (FEMA) 

has broad responsibilities for disasters and relief. FEMA is also charged with 

administering the National Flood Insurance Program (NFIP) and the natural 

hazard mitigation program. The NFIP is discussed in detail later in this chapter. 

Hazard mitigation is defined as the long-term reduction of the effects of nat- 

ural hazard events. The term mitigation is applied to many aspects of environ- 

mental planning and management. As discussed in subsequent chapters, mitiga- 

tion is an important issue in wetlands management and environmental impact 

assessment. In general, mitigation strategies aim to lessen impacts, and they fol- 

low a clear hierarchy given in the following list: Avoid the impact, lessen the 

impact by location, lessen the impact by design, offset the impact. 

Hierarchy of Environmental Impact Mitigation Strategies 

. Avoid the impact (move away altogether). 

. Lessen the impact by modifying location on site (move away to lesser 

impact area). 

3. Lessen the impact by modifying design (apply engineering or design 

features). 

4. Offset the impact (compensate for the impact by monetary relief, 

reconstruction, or re-creation). 

Ses 

The federal Natural Hazard Mitigation Program was initiated by the 1988 

Robert T. Stafford Disaster Emergency Assistance Act, last amended in 2000. The 

program was prompted by the growing perception that the nation was not dealing 

effectively with natural hazards. Indeed, despite ever-increasing federal funds for 

damage mitigation, emergency preparedness, forecasting, and disaster response, 

damages from natural hazards continue to rise. The nation seemed locked in a 

disaster-relief-rebuild-disaster syndrome (figure 9.2). Following natural hazard 

damage or disaster, the government provides needed monetary and humanitarian 
relief, including funds to clean up and rebuild. Rebuilding often occurs in the 
same location, only to be followed by subsequent disasters with potentially greater 
damage and more relief. The fundamental hazard, exposure, vulnerability, and 
risk are not adequately addressed. 

Some federal programs have tried to address this syndrome. The NFIP stipu- 
lates that for a community’s residents to obtain subsidized federal flood insurance 
(the only flood insurance available), the community must implement floodplain 
zoning, that is, restricting new development, or significant rebuilding after a flood, 
in the floodway. This applies to hurricane flooding as well. However, inadequate 
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Figure 9.2 The Disaster-Relief-Rebuild-Disaster Syndrome 

enforcement of these provisions has limited their effectiveness (Godshalk, Beatley, 

Berke, Brower, and Kaiser, 1999). 

The 1988 Stafford Act aimed to break this syndrome by creating further 

requirements for disaster relief applicable to all natural hazards. Under section 

409, the provision of disaster relief requires a state to have a natural hazard miti- 

gation plan certified by FEMA (the so-called 409 Plan). The Act also provides 

grants for “mitigation” projects under section 404. A study by Godshalk et al. 

(1999) traced the implementation of the Act in the 1990s and showed the program 

had limited effectiveness in addressing the syndrome, and in fact, in many 

respects, had exacerbated it. 

Their findings included the following: 

= Mitigation plans were reactive rather than proactive. 409 Plans were 

often prepared in response to a disaster so that the state could receive 

relief funds. To become eligible as soon as possible, the plans were often 

hurried and inadequate, more a “hoop to jump through” than a carefully 

prepared, implementable plan. 

= Section 404 grants were mostly directed to rebuilding projects, not miti- 

gation programs, and there was little implementation connection 

between the 409 plans and the 404 projects. The contribution of 404 

projects to long-term risk reduction was not evident. 

Godshalk et al. (1999) recommend that plans become more proactive and pre- 

ventative, that they be prepared with care before disasters occur, that they be 

revised and improved after each hazard event, and that they deal with multiple 

hazards rather than different plans on single hazards. Mitigation grants should 

focus on risk reduction programs rather than recovery projects. Programs can go 

beyond temporary relief of hardship to long-term avoidance of risk, such as buyout 

and relocation programs and improved building and land use regulations to lessen 

exposure and vulnerability. 

Section 322 of the Stafford Act, as amended in 2000, 

1. improves upon the 409 planning process. Section 322 requires a state 

mitigation plan as a condition for receiving hazard mitigation grants pro- 

gram (HMGP) funds. 
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2. provides additional funds for states that adopt “enhanced state mitigation 

plans.” 

3. requires local mitigation plans. . 

_ authorizes up to 7 percent of HMGP funds for mitigation planning. 

5. requires state and local governments to develop and adopt hazard mitiga- 

tion plans by November 2004 to qualify for HMGP funding after that date 

(Belo, 2003; FEMA, 2002a, 2002b). ; 

as 

Natural Hazard Mitigation Planning 

Natural hazard mitigation planning follows the basic planning process (see box 

2.1). As shown in box 9.1, fundamental objectives are to avoid, prevent, and 

reduce the impacts from natural hazards. Mitigation planning can be used itera- 

tively to break the disaster-relief-rebuild-disaster syndrome and reduce the degree 

of impact and the cost of relief from subsequent natural hazard events. Preventa- 

tive mitigation is a continual adaptive process that responds to successive disaster 

events. Mitigation planning should learn from each event so that mitigation invest- 

ments can be targeted to progressively reduce the damages and relief costs of the 

next disaster. uf 

Plans should address multiple hazards, although specific assessments and 

alternatives depend on the hazards involved. Hazard and risk assessment 

involves three steps: 

1. Hazard identification is usually found in the comprehensive plan. It 

provides descriptions and inventory maps of hazards, including history, _ 

generalized hazard boundaries, and critical facilities. 

2. Hazard exposure and vulnerability assessment combines the 

information from hazard identification with an inventory of the existing 

(or planned) property and population exposed to a hazard and predicts 

how a hazard will affect different properties and population groups. 

3. Risk analysis estimates.the communitywide or site-specific damage, 

injuries, and costs likely to be experienced in an area over a period of 

time. Risk includes the magnitude of the harm that may result, and the 

probability of the harm occurring (Oregon Department of Land Con- 

servation and Development, 2000). 

Natural hazard mitigation plans should be part of a community’s comprehen- 

sive plan, and implementation mechanisms include land use zoning, building 
codes, public works structural measures, education programs, and evacuation 

procedures. (For more information on comprehensive planning and land use con- 
trols, see chapter 7.) The Institute for Business and Home Safety (IBHS) devel- 
oped a Community Land Use Evaluation (CLUE) questionnaire to assess a com- 
munity’s comprehensive plan for natural hazards (IBHS, 2001). The following list 
gives the categories and samples of the 71 questions in CLUE. The plan is graded 
on positive answers to the questions, where an “A” grade is given for 52 or more 
affirmative answers. The full questionnaire is given at www.ibhs.org. 
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BOX 9.1—Natural Hazard Mitigation Planning 

Identify objectives: Avoid, prevent, and reduce 

impacts from natural hazard events. 

Assess situation: Hazard and risk assessment. 

Hazard assessment: Assess degree of hazard 

by location. 

Exposure assessment: Assess population loca- 

tion in relation to hazards. 
_ Vulnerability assessment: Assess building and 

land use standards. 

Risk assessment: Assess impact probability, 

based on hazard, exposure and vulnerability. 

Develop mitigation alternatives: 

Education (exposure and vulnerability reduc- 

tion): Raise awareness of hazard, risk, and 

mitigation. 

Avoidance (exposure reduction), e.g., land 

use controls and zoning, evacuation plans. 

Lessen by location (exposure reduction), e.g., 

land use controls. 

Lessen by design (hazard and vulnerability 
reduction), e.g., structural public works, 

building and land use engineering and 

design, building codes. 

Offset (vulnerability and risk reduction), e.g., 

emergency response, relief. 

Assess options and formulate natural hazard miti- 

gation plan: 

Assess the effectiveness and economic, social, 

and environmental effects of penoanen 

options. 

Select an array of appropriate mitigation 

options in a natural hazard mitigation plan. 

Implement the natural hazard mitigation plan. 

Implement preventative measures and 

response actions. 

Evaluate the mitigation plan during and after 

each natural hazard event. 

Monitor the effectiveness of mitigation mea- 

sures and modify plan accordingly. 

Community Land Use Evaluation (CLUE) for Natural Hazards: 

Survey Categories and Sample Questions 

1. Basics: 1.3 Does the plan contain an overall statement summarizing 

the broad goals and guidelines of the community to address natural 

hazards and to mitigate their effects? 

2. Quality of Data: 2.4 Does the plan include maps that identify haz- 

ardous areas? 

3. Identification of Issues: 3.3 Does the plan identify development alter- 

natives within or outside of hazard areas? 

4. Community Support: 4.3 Were citizens given information about natu- 

ral hazards during the plan preparation process? 

5. Policies: 5.5 Does the plan have a policy to steer capital improvements 

away from the areas most vulnerable to natural hazards? 

6. Coordination: 6.2 Is the plan consistent with statewide guidelines or 

principles for hazard-prone areas? 

7. Implementation: 7.1 Are plan goals and objectives tied to specific 

actions, rather than to general intentions? 

In a study of the effect of natural hazard planning on damages in the 1994 

Northridge earthquake in southern California, Nelson and French (2002) 



Environmental Land Use Management 

provided useful conclusions about natural hazard mitigation generally. First, they 

argue that building codes are important but limited in mitigating natural hazard 

risk. Although codes reduce hazard vulnerability to a certain magnitude, disasters 

exceeding this magnitude can be catastrophic. Codes thus can lead to a false sense 

of security, resulting in more development in the vicinity of hazard areas and 

increasing exposure and risk. 

Second, comprehensive plans are critical but often lack strong factual informa- 

tion about hazards, effective policies based on facts, or both. Plans are often less 

restrictive of development in hazard areas than they should be because local gov- 

ernments fear strict standards will reduce the fiscal benefits of growth, and they 

realize that federal government relief will bail them out if a disaster occurs. 

Nelson and French’s study concludes that the most effective strategies for hazard 

mitigation include retrofitting older homes to current standards, quality compre- 

hensive plans, and effective implementation, including land use controls and build- 

ing codes. They argue that without state and regional mandates and/or enforce- 

ment, local governments are usually ineffective in mitigating natural hazards as well 

as preserving natural resources, containing sprawl, and improving infrastructure 

delivery. California’s state requirements for earthquake hazard mitigation are 

diminished by weak enforcement of local implementation (Nelson and French, 

2002). For more information on regional and state mandates, see chapter 8. 

FEMA developed “Project Impact” to enhance local hazard mitigation planning 

and build disaster-resistant communities. The program has four aims: (1) to build 

community partnerships of local governments, civic groups, and businesses to 

work together; (2) to assess risks and improve planning; (3) to prioritize needs and 

actions to reduce vulnerability and risk; and (4) to build support and communica- 

tion about hazard mitigation within the community. FEMA began the program 

with seven pilot communities in the mid-1990s, and by 2000, there were more 

than 250 Project Impact communities and 2,500 business partners (FEMA, 

2000b). To assist in awareness, education, and rapid assessment, FEMA has part- 

nered with the consulting firm Environmental Systems Research Institute (ESRI) 

to provide online hazard mapping (FEMA and ESRI, 2001; http://www.esri.com/ 

hazards). . 

The remainder of this chapter explores specific hazards and the application of 

these mitigation concepts. These natural hazards include flooding, coastal haz- 

ards, geologic hazards, and wildfire. 

Flooding and Flood Hazard Mitigation 

When stormwater flows exceed channel capacity, water will overtop channel 
banks and spread out as floods. Analysis of stormwater flow and channel capacity 
is discussed in chapters 13 and 14. Flood damage mitigation is discussed here 
because of its importance in natural hazard mitigation. Between 1990 and 1997, 
U.S. flooding caused $4.2 billion per year in damages. In the last century, an aver- 
age 100 Americans per year lost their lives in floods (FEMA, 2000a). Although 
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Figure 9.3 Flooding of East Grand Forks, Minnesota, April 1997. Source: Photo by David 
Saville/FEMA News Photo. 

damages continue to increase, loss of life has decreased in this country as a result 

of better flood warning systems. Figure 9.3 shows downtown East Grand Forks, 

Minnesota, during the 1997 flood. 

Approaches to Flood Hazard Mitigation 

Several approaches can be taken to mitigate flood hazards and reduce damages. 

Box 9.2 distinguishes between structural and nonstructural measures. In its 

efforts to mitigate flood damages, prior to 1973 the U.S. federal government 

focused on structural measures built by the U.S. Army Corps of Engineers and 

other agencies. These measures were euphemistically referred to as “flood con- 

trol,” but after an investment of more than $11 billion in such measures while 

flood damages continued to rise, it became clear that structures alone would not 

solve the problem. Increasingly, federal and local planners have turned to non- 

structural measures, such as floodplain management, land acquisition, and relo- 

cation of structures, to avoid future damages. Other measures such as insurance 

and disaster relief aim to manage the financial risk and hardship associated with 

flood damages. 

Table 9.1 highlights the structural measures. More than 260 large flood control 

dams and reservoirs have been built on rivers in the United States. Essentially 

large detention basins, they can detain runoff to reduce peak flows downstream, but 

they also permanently flood large areas of riparian lands and free-flowing channels 

within the reservoir pool. Some 6,000 miles of levees, dikes, and floodwalls 

across the country protect specific areas by artificially raising the channel bank. This 
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BOX 9.2—Approaches to Flood Hazard Mitigation 

Structural Measures 

= Guide flood waters by building levees, flood 

walls, channel enlargement (flood protection). 

= Lessen flood waters (peak discharge) through 

upland runoff control measures including deten- 

tion (dams and reservoirs) (flood abatement). 

= Adjust site characteristics by elevating sites with 

fill material. 
= Adjust building characteristics by elevating and 

floodproofing structures and related infrastruc- 

Nonstructural Measures 

» Do nothing. 
« Provide emergency preparedness measures 

such as flood warnings. 
= Provide relief through private and federal disas- 

ter assistance. 
= Provide affordable insurance for flood damages. 

= Provide information, such as maps of floodplains 

and general information about flood risks and 

safe floodplain building practices, 

ture. = Adjust future land use by floodplain planning, 

vacant land acquisition, and regulatory zoning. 

» Adjust existing land use by acquiring and relo- 

cating buildings. 

prevents floods from spilling to their accustomed floodplains, but the water must go 

somewhere, so it often rises higher and floods areas not normally prone to flooding. 

Channelization is the modification of streams, often by straightening, 

widening or deepening, to increase channel capacity and speed water drainage. 

Although such modifications can benefit those living near them, they can 

increase the volume and velocity of water carried by the stream and thus cause 

greater peak flows downstream. Channelization can also destroy natural chan- 

nels, their aesthetic qualities, and their ability to support aquatic and riparian 

life. Recent designs, such as the bench channel shown in figure 9.4, can pre- 

serve the natural channel and one side of the riparian lands while increasing 

capacity. 

These structural flood control measures have prevented considerable dam- 

ages. The Corps of Engineers estimated in 1975 that the $10 billion spent by 

federal agencies on control measures since 1936 prevented $60 billion in flood 

damages. However, as noted, total damages and deaths due to flooding have 

actually increased over time. The major reasons for this include increased prop- 

erty values and increased human occupancy of floodplains. This further 

encroachment of development on the floodplain has been due in some cases to 

ignorance of the flood hazard and in others to a false sense of security provided 

by the presence of flood “control” measures. Flood control structures never give 

absolute protection; they merely make a devastating event less frequent. 

Table 9.1 also lists “innovative” structural measures, including on-site deten- 
tion and infiltration, which help diminish increases in flood flows due to urbaniza- 

tion. These measures are discussed at length in chapter 14. However, these on- 
site measures will not reduce flooding in naturally occurring flood-prone areas. 
These areas require special attention. Experience has shown that floodplain man- 
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Figure 9.4 Bench Channel Method of Improving Capacity of Stream. Source: U.S. Army Corps 
of Engineers (1984). 

TABLE 9.1 Structural Flood Mitigation Measures 

Measure Effects Problems 

Traditional “Flood Control” 

Dams and Reservoirs Retains stormwaters Transfers flooding; false 

sense of security 

Channel modification Increases capacity, speed _ Destroys natural channels; 

(widening, straightening, of drainage increases flood flow 

lining) downstream 

Levees, floodwalls Protects one side Water surge may flood 

other side and areas 

previously not flooded 

Innovative Stormwater Management 

Upstream detention and infiltration on-site or after preliminary concentration (see 

chapter 14) 

agement is far more effective in reducing damages over time than localized struc- 

tures like channel modification and floodwalls. 

Floodplain Management 

As the effectiveness of structural measures has been questioned, greater attention 

has been given to managing floodplain development as an alternative approach for 

mitigating flood damages. Floodplain management may involve a number of mea- 

sures directed at new and existing development. Encroachment of new develop- 

ment onto the floodplain not only can expose new occupants to flood damage but 

also can cause a surcharge in flood level due to cutting and filling. Figure 9.5 illus- 
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Figure 9.5 Effect of Floodplain Encroachment on Flood Elevation 

trates the effects of floodplain encroachment. As a result of land filling, the 25-year 

floodplain will be much wider than before. 

The most straightforward way to control encroachment is by restricting land 

use in the floodplain to uses that are compatible with periodic flooding, such as 

recreation and agriculture. In response to certain requirements of the NFIP. 

nearly all of the 19,000 flood-prone communities in the United States have imple- 

mented floodplain management, including floodplain zoning. Readers unfamil- 

iar with zoning fundamentals should consult chapter 7. Floodplain zoning pro- 

hibits development in the “floodway” and allows development with floodproofing 

in the 100-year floodway fringe. A 100-year event has a 1 percent chance of occur- 

ring in any year. Floodproofing usually involves elevating structures or portions of 

structures prone to damage above the 100-year flood elevation plus the one-foot 

surcharge. The floodway and floodway fringe are defined in figure 9.6 as: 

» The floodway is a fairly narrow area close to the stream that must 

remain open so that flood waters can pass through. 

» The floodway fringe is the area within the 100-year floodplain that can 

be subject to encroachment or filling without causing more than a one- 

foot surcharge in the height of the 100-year flood carried by the floodway. 

Homeowners can only obtain flood insurance through the NFIP Private insurers 

participating in NFIP actually provide the policies under subsidized rates. However, 

homeowners can obtain this insurance only if their local government is imple- 

menting floodplain management and zoning. In addition, if localities do not have 

floodplain zoning in accord with the preceding conditions, they cannot receive any 

other federal financial aid, including disaster relief for flood damages or assistance 
for projects in the floodway fringe. FEMA provides enforcement of this provision. 

Figure 9.7 shows how floodplain zoning can affect floodplain development. 
Appropriate uses of the floodplain include open space, recreation, and agriculture. 
The FEMA rules for floodplain management are limited. Although they may be 
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Figure 9.6 The Floodway and the Floodway Fringe. Source: FEMA (1979). 

effective in preventing development in the floodway (if enforced), they have been 

criticized for actually encouraging development of the floodway fringe. Such 

development may be safe from the 100-year flood, but a larger event will cause 

more damage than if this development did not occur. In addition, the floodway 

fringe may contain riparian vegetation that provides aesthetic benefits and wildlife 

habitat. By encouraging floodway fringe development, floodplain management 

impacts riparian and stream corridor values. Some communities prohibit develop- 

ment in the entire 100-year floodplain. 

FLOOD 

FLOOD FRINGE FRINGE 
DISTRICT FLOODWAY DISTRICT DISTRICT 

PROTECTION PROVIDED RESERVED FOR THE PASSAGE OF FLOOD 
FOR DEVELOPMENT FLOWS AND CERTAIN OPEN SPACE USES 

~— 
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INCREASE IN FLOOD LEVEL CAUSED BY 
ADDITIONAL FLOOD PLAIN DEVELOPMENT 

Figure 9.7 Floodplain Zoning Using Floodway and Floodway Fringe Districts 
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Figure 9.8 Flood Hazard Boundary Map and Flood Profile for Section of Tom’s Creek, Blacksburg, Virginia. Source: FEMA (1 979). 
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Floodplain Maps and Flood Profiles 

The first step in managing floodplains is to identify them. Fortunately, floodplain 

maps are available for nearly all flood-prone areas through FEMA and its imple- 

mentation of the NFIP Through the program, FEMA identifies flood-prone areas 

on flood hazard boundary maps (FHBM). If a community enrolls in the program, a 

more detailed flood insurance rate map (FIRM) is produced. 

An example of the hazard boundary maps is shown in figure 9.8. The basis for 

the maps is a set of flood profile charts produced in the Flood Insurance Study, 

which accompanies the maps. A hypothetical flood profile is given in figure 9.9. For 

the length of the stream, the profile charts the water elevations for floods of various 

recurrence frequencies: 10-year, 50-year, 100-year, and 500-year events. For 

example, in figure 9.9, the elevation of the 100-year flood at point A along the 

stream is 1,100 feet above sea level. Floodplains for these floods can then be drawn 

by elevation on a topographic map. The FEMA maps identify the floodway, the 

flood fringe, as well as the 100-year and 500-year floodplains. They are keyed to 

the profiles by a series of cross sections, labeled by letter, shown on both the maps 

and profiles. In addition, a table of floodway elevations for each cross section is pro- 

vided so that landowners can determine the regulatory floodway elevation below 

which building or filling is not allowed. 

For example, if you have a building site near a stream, you will need to survey 

the site to determine its elevation above sea level. This is fairly easy if there is a 

nearby elevation benchmark. To determine if you can get a building permit for the 

site, the local planner or building inspector will identify the site on the flood profile 

and floodplain map (including “working” maps used by FEMA to prepare the offi- 

cial boundary maps). If the site elevation is above the 100-year flood elevation, the 

site passes the test. If not, the site elevation must be compared with the regulatory 

elevation to see if it is within the floodway. 

Figure 9.10 shows a portion of a FIRM, based on the FHBM. The legend reveals 

the categories of insurance rates based on the relative hazard. Zone A is within the 
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Figure 9.9 Hypothetical Flood Profile. 



> > 
& 

V2 1 = Environmental Land Use Management 

KEY TO MAP 

500-Year Flood Boundary 
ZONE B 

100-Year Flood Boundary ———~_ see 

Zone Designations* With 
Date of Identification 
e.g., 12/2/74 

100-Year Flood Boundary 
ZONE B 

§00-Year Flood Boundary 

Base Flood Elevation Line 513 
With Elevation In Feet** 

Base Flood Elevation in Feet (EL 987) 

Where Uniform Within Zone** 

Elevation Reference Mark RM7x 

River Mile eM1.5 

**Referenced to the National Geodetic Vertical Datum of 1929 

*EXPLANATION OF ZONE DESIGNATIONS 

ZONE 

A 

AO 

AH 

ie} 

EXPLANATION 

Areas of 100-year flood; base flood elevations and 
flood hazard factors not determined. 

Areas of 100-year shallow flooding where depths 
are between one (1) and three (3) feet; average depths 
of inundation are shown, but no flood hazard factors 
are determined. 

Areas of 100-year shallow flooding where depths 
are between one (1) and three (3) feet; base flood 
elevations are shown, but no flood hazard factors 
are determined. 

Areas of 100-year flood; base flood clevations and 
flood hazard factors determined, 

Areas of 100-year flood to be protected by flood 
Protection system under construction; base flood 
elevations and flood hazard factors not determined. 

Areas between limits of the 100-year flood and 500- 
year flood; or certain areas subject to 100-year flood- 
ing with average depths less than one (1) foot or where 
the contributing drainage area is less than one square 
mile; or areas protected by levees from the base flood, 
(Medium shading) 

Areas of minimal flooding. (No shading) 

Areas of undetermined, but possible, flood hazards. 

Areas of 100-year coastal flood with velocity (wave 
action); base flood elevations and flood hazard factors 
not determined. 

Figure 9.10 Flood Insurance Rate Map (FIRM) Showing Rate Zones. Source: FEMA (1979). 

100-year floodplain, Zone B is between the 100-year and 500-year flood boundary, 

Zone C is outside the 500-year boundary, and Zone D is undetermined. Subcate- 

gories of Zone A are possible if specific flood hazards are determined. Zone V 

applies to coastal flooding wave surges (see the section on coastal flooding). 

FEMA has recently made floodplain maps available on the Internet. The agency 

has scanned as .tif files the FHBMs and FIRMs, as well as flood insurance studies 

that contain flood profiles. They are searchable by location at FEMA's Flood Map 

Store. The maps can be ordered (paper copies) or viewed online. Images can be 
viewed and manipulated using F-MIT software, which enables users to zoom in 
and out and produce “FIRMettes” or “FHBMettes” that zoom in on the location of 
their interest. Maps can be saved as .pdf files, or printed in letter, legal, or 11”«17" 
sizes. In addition, the Flood Map Store offers digital flood data for use in GIS. For 
more information and to retrieve floodplain maps and data of your choice, see 
http://store.msc.fema.gov/webapp/wces/stores/servlet/StoreCatalogDisplay?storeld 

=10001&catalogId=10001 &langId=-1 &userType=G. 
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Floodplain management focuses on new development and does not manage 
flood damages to existing structures. As already mentioned, in some cases, acqui- 
sition and relocation of structures and/or occupants has proven more economical 
than providing structural flood control or sustaining periodic inundation. More 
often, emergency measures such as flood forecasting, warning systems, evacua- 
tion, and remedial controls such as sandbagging are provided for developments in 
flood prone areas. FEMA and the Army Corps of Engineers have placed increased 
emphasis on property buyouts and relocation of structures and whole communi- 
ties in some cases (FEMA, 1998). 

Coastal Zone Hazards 

Coastal areas exhibit significant dynamic physical hazards and intense human 

exposure, combining into major risk. Coastal processes involve the erosion and 

deposition of sand and sediment by water and wind and intense storm hazards. 

Figure 9.11 shows coastal places of concern in a barrier island context, typical of 

the Atlantic and Gulf coasts. They include the beachfront, the dunelands, the 

barrier flats including grassland and forest, saltwater wetlands and marsh, 

the backbay or coastal basin, and finally the landward backbay shoreline. The 

beach and dunelands are those areas most prone to the ocean’s dynamic forces 

from normal wave action and violent storms, while the coastal basins, estuaries, 

and saltwater wetlands are ecologically productive. Beach and bluff erosion pro- 

cesses are more typical of the West Coast. 

The constant action of waves on the beach is the prime force against the highly 

erodible sand. Wave action at an angle to the beach will produce a littoral current 

down the beach causing a littoral drift of eroded sand. If a barrier such as a 

groin or breakwater is erected on the beach, it will slow the flow of water causing 

the deposition of sand and a broadening of the beach; but the down-flow side of the 

groin will experience continued erosion with no deposition, and there the beach 

will be narrowed. This littoral drift depends on the wave intensity and direction, 

which in turn depend on the shape of the underwater shelf and the season. Head- 

lands not only experience waves first, but those waves have more energy. Wave 

direction often varies with the season, so that the direction of the littoral drift and 

the shape of the beach may change throughout the year. 

Beach erosion is a continuous process, and storm waves exacerbate the pro- 

cess. The higher water associated with storms takes higher, more eroding waves 

further inland. This eroding force can undermine beach dunes, which provide the 

primary defense against the storms. These waves can also undermine seawalls 

designed to protect structures built too close to the beach. 

Figure 9.11 also shows the development of a dune system on a barrier beach. 

The primary force is the ocean wind that erodes beach sands and carries them 

inland until wind barriers (initially a poorly developed dune) reduce velocity 

and cause deposition. As the deposition grows a distinct dune, it provides 

increased protection from wind and storm waves. Vegetation can then prolifer- 
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Figure 9.11 Dune Development and Its Effect on Barrier Flat Vegetation. The dune system 
creates suitability zones for development. Source: Clark, J., J. Banta, and J. Zinn. 1980. Based 

on drawing from M. Mow from S. Leatherman, Barrier Island Handbook, National Park 

Cooperative Research Unit, Univ. Massachusetts-Amherst. 

ate behind the dune, adding more stability to highly erodible sandy soils. The 

vegetation on the dune itself is essential to its formation and stability. Dune 

grasses begin to halt the advance of sand, arresting erosion and contributing to 

deposition. If this dune vegetation is disturbed by construction or intensive rec- 

reation use, wind and storm waves are more likely to erode the dunes, reducing 

the storm protection they provide for the barrier flats. A cardinal rule of coastal 

management is to control development in storm-damage-prone beach areas as 

well as on protective dunes. 

Coastal Storm Hazards 

Natural hazards affecting coastal areas are caused by hurricanes and other coastal 

storms. Hazards include coastal flooding, high winds, wave and tidal surges, and 

beach erosion and bluff failure. Offshore earthquake-driven tsunamis are also rel- 

atively prevalent on the Pacific coast of the United States, especially Hawaii and 

Alaska, and in other coastal regions of the world. In the eastern United States trop- 

ical storms and hurricanes are the greatest problem. Figure 9.12 shows the most 

prevalent sources of coastal flooding in the United States. South Florida, south- 

east Texas, and North Carolina have been the hardest hit and are the most sus- 

ceptible to land falling hurricanes. 

Coastal storm hazards include severe wind, storm surge flooding, upland flooding, 

and tornadoes. Hurricanes are rated on the Saffir-Simpson 1-5 scale. Table 9.2 gives 



GREAT LAKES 

¢ 100-Year Flood + 3-Year 

Wave Estimates 

e Lake Levels 

Tidal Frequency, 

Storm Tides, and 

Wave Height 
Analysis 

Combination 

of Northeasters 

Hurricanes (Wind- and 
Generated Waves and Hurricanes, 

Storm Surge) f or Northeasters 

PACIFIC ~ Only 

TERRITORIES » 

Typhoons 

and 

Tsunamis 

Tidal Frequency and PUERTO RICO 
Wave Height Analysis — AND VIRGIN ISLANDS 

Hurricanes are 

i Principal Hazard 

poe a = Caw 

Figure 9.12 U.S. Coastal Storm Hazards. Source: FEMA (2000c). 

TABLE 9.2 Saffir-Simpson Hurricane Scale and Recent Examples in United States 

~ Category Wind Speed Surge Height Coastal Damage Recent Examples 

1 74-95 mph 4-5 feet Minimal Agnes (1972—Florida, Northeast U.S.) 

96-110 mph 6-8 feet Moderate Marilyn (1995—Virgin Islands) 

3 111-130 mph 9-12 feet Extensive Fran (1996—North Carolina) 

4 131-15 mph 13-18 feet Extreme Andrew (1992—Florida) 

i) >155 mph >18 feet Catastrophic Camille (1969— Mississippi) 
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Figure 9.13 Hurricane Damage from Hurricane Andrew, August 24, 1992. One million people 

were evacuated and 54 died in this hurricane. Source: FEMA News Photo. 

that scale and also some of the most destructive hurricanes of the past few decades in 

the United States. Figure 9.13 gives examples of hurricane damage. 

Damages from coastal flooding result from hydrodynamic forces of wave action 

and tidal surge, hydrostatic forces of high water, sediment overwash, and beach and 

bluff erosion. In addition, heavy rains cause upland flooding well inland, including 

dangerous flash flooding in higher elevations. For example, Category 1 hurricanes 

Agnes (1972) and Floyd (1999) caused little coastal damage, but their rains dumped 

20-30 inches of rain inland and‘caused billions of dollars of flood damage. 

Coastal damage also results from high winds. The American Society of Civil 

Engineers (1998) has developed minimum design loads and wind speeds for 

buildings that range from 85 mph on the West Coast to 120 mph in New England 

to 150 mph in south Florida. 

Because of storm surges, high winds, and highly mobile sandy soils, coastal areas 

are extremely vulnerable to erosion. The dynamic forces in the beach, dune, and 

bluff environment require careful consideration in siting and designing coastal res- 

idential and other development. Shoreline segments that lose more sediment than 

they gain are subject to erosion; segments that gain more than they lose are subject 

to accretion; and segments that balance gains and losses are said to be stable. 

Shoreline erosion is measured by linear retreat (e.g., feet of recession per year) 

or volumetric loss (e.g., cubic yards of eroded sediment per foot of shoreline per 

year). Erosion rates are usually given as long-term average annual rates, but they 
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are not uniform in time or location on the shoreline. Figure 9.14, from a study by 
Douglas, Crowell, and Leatherman (1998), illustrates the difference between 

medium-term and long-term shoreline dynamics. 
Storm-induced erosion is rapid and dynamic, but longer-term erosion is caused by 

natural changes (e.g., littoral transport, tidal inlets) and human activities (e.g., dredg- 

ing, damming rivers, alteration of vegetation or dunes). Storm-induced erosion can 

cause the equivalent shoreline change of several decades of long-term erosion. Large 

dunes can be eroded as much as 75 feet and small dunes can be destroyed. 

Mitigating Coastal Hazards through Smart Land Development Practices 

Coastal storms and hurricanes pose one of the most damaging and dangerous nat- 

ural hazards. Damages are exacerbated by poor location of development and con- 

struction practices. In an effort to foster smarter development practices, the fed- 

eral government has assisted the states to improve planning and management 

through the Coastal Zone Management program. This is discussed at length in 

chapter 16. In addition, FEMA has developed land use regulations in conjunction 

with the NFIP as well as technical guidance for states and localities. As discussed 

in the section on flood hazard mitigation, the NFIP provides subsidized flood 

insurance only in those communities that implement zoning to restrict develop- 

ment in flood prone areas. FEMA's Coastal Construction Manual provides the 

most comprehensive source to date for planning, siting, designing, constructing, 

and maintaining buildings in coastal areas (FEMA, 2000c). 

Delaware Coast: Historical Shoreline Changes, 
South of Indian River Iniet* 

Year 
1860 1880 1900 1920 1940 1960 1980 2000 

* Numbers in parentheses are shoreline change rates in feet/year (negative sign 
indicates erosion; positive sign indicates accretion). 

Figure 9.14 (A) Long-Term versus Medium-Term Erosion Rates and Erosion Vulnerability. Source: FEMA (2000c). 

(B) Short-Term Erosion at Melbourne Beach, Florida, 1999. Source: Photo by Ty Harrington/FEMA News Photo. 
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Principles of Coastal Zone Planning, Siting, Design, Construction, 

and Maintenance (FEMA, 2000c) 

Hazard Identification 

» Flood damage results from both short- and long-term increases in water 

levels, wave action, and erosion. 

» Long-term erosion increases flood hazards over time. 

» Flood hazards mapped as “A” zones on coastal flood insurance rate maps 

(FIRMs) can have greater hazard than riverine “A” zones because of wave 

height and changing site conditions (e.g., erosion, dune loss). 

= Slope stability hazards and landslides are exacerbated in coastal bluff 

areas due to effects of drainage changes, removal of vegetation, and site 

development. 

Siting 

» Building close to the shoreline is vulnerable and removes any margin of 

safety against hazards. 

= Because of erosion and shifting shoreline, even elevated buildings close to 

the shoreline may find themselves standing on active beach. 

= Building close to other structures and to protective structures can redi- 

rect and concentrate storm forces. 

» Siting buildings on top of erodible dunes and bluffs renders them vulner- 

able to serious damage. 

» Buildings near unstabilized tidal inlets are subject to large-scale shoreline 

fluctuations; even stabilized tidal inlets have high erosion rates. 

Design 

» Shallow spread footing and slab foundations and continuous perimeter 

wall foundations may be subject to collapse in areas subject to wave 

action or erosion. 

= Designs should incorporate freeboard above required elevation of the 

lowest floor. 

» Corrosion-resistant materials are important in this salt-rich environment. 

Construction 

» Special construction practices are required in harsh coastal environ- 
ments: structural connections, pile or foundation embedment, properly 
installed utility system components, bracing and fastening roofs and wall, 
proper inspection. 
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Maintenance 

« Inspection, repair, and replacement of structural elements and connec- 

tors and maintenance of erosion and coastal flood protection measures 

are very important in the dynamic coastal environment. 

Coastal Hazard Zones 

Figures 9.15 and 9.16 illustrate the NFIP categories for FIRMs and coastal land 

use zoning. There are three hazard zones: 

“V” Zone: Coastal high hazard area (HHA) in the special flood hazard area 

(SFHA) extending from offshore to the inland limit of a primary frontal 

dune or any area subject to high velocity wave action greater than 3 feet. 

“A” Zone: Area of the SFHA within 100-year flood zone, subject to wave 

heights less than three feet, not within HHA. 

“X” Zone: Shaded X (zone B) is in 500-year flood zone. Unshaded X (zone 

C) is above 500-year zone. 

The dynamics of the coastal zone and the difficulty managing them are apparent 

in the well-known Lucas case in Isle of Palms, South Carolina. David Lucas bought 

two beachfront lots in the late 1980s and was restricted by a state law from building 

on the property due to erosion hazards. He took the case all the way to the U.S. 

Supreme Court and won a landmark decision that the restriction constituted a 

“taking” of his property. As a result, the state law was overturned and the state 

bought the properties, which were sold and developed. The top photo in figure 9.17 

shows the property had a large beachfront in 1989, but the erosive forces changed 

the shoreline considerably by 1997 and undermined the new house built on the 

property. Figure 9.17 also shows the changing shoreline between 1949 and 1997. 

Site planning can reduce the coastal wind, erosion, and flooding hazards by 

placing buildings outside of the V zone. Figure 9.18 shows that a modified layout 

places homes on the landward portion of the lot. Better yet, a cluster layout can 

provide community open space and coordinated open space management. 



Typical Transect Shown in Figure 9.16 

Figure 9.15 Plan View of Coastal Flood Zones: V, A, and X. Source: FEMA (2000c). 
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Figure 9.16 Elevation View of Coastal Flood Zones: V, A, and X. Source: FEMA (2000c). 
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Figure 9.17 Shifting Shoreline on Lucas Property in Isle of Palms, South Carolina. Photos show 

site in 1989 and eroded shoreline in 1997. Source: FEMA (2000c). 
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Figure 9.18 Residential Layout Options in the Coastal Zone. Alternatives 2 and 3 place homes outside of the hazardous V 
zone and allow the dynamic forces of the beach and dune area to act without causing damage or danger to people and 
property. Source: FEMA (2000c). Original graphic by Thomas Bartik, in Marya Morris, “Subdivision Design in Flood Hazard 
Areas.” FEMA and American Planning Association, Planning Advisory Service Report 473. 1997. 
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Mitigating Geologic Hazards 

Geologic hazards include localized slope problems (e.g., landslides), support 
problems (e.g., subsidence), and wider-scale seismic hazards (e.g., earthquakes, 
volcanic activity). These geologic hazards pose problems for building and develop- 

ment and must be considered in land use planning and management. 

Applying hazard mitigation planning to geologic hazards involves the key steps of 

assessing and mapping the hazard, as well as exposure and vulnerability; formulat- 

ing measures to reduce exposure and vulnerability; and implementing these mea- 

sures. Most hazards pose relative risks depending on location, and it is important to 

understand the relative risk spatially and apply mitigation measures accordingly. 

For example, an entire region may be susceptible to earthquake risk, but certain 

areas have a greater groundshaking and damage risk due to underlying geology. 

Some steep slope areas have a higher risk than others due to underlying materials. 

These relatively higher risk areas must be identified, and measures to reduce 

exposure (restricting all development) and vulnerability (requiring strict building 

standards) must be applied. 

Perhaps the best source of geologic information is the USGS geologic map. A 

portion of a geologic map is given in figure 9.19 (for the full map see http:// 

pubs.usgs.gov/mf/2003/mf-24 12/mf-2412.pdf). It provides a map of surficial geol- 

ogy at the scale of the USGS quadrangle series (1:24,000), as well as several cross 

sections. Unfortunately, these maps are not available for the entire United States. 

For a complete description of geologic maps and map symbols see http://www. 

aqd.nps.gov/grd/usgsnps/gmap/gmap1.html. 

Where available, they identify bedrock formations, the degree of consolidation 

of materials, and the locations of areas of geologic interest including mines and 

landfills, faults, sinkholes, and karst. The discussion accompanying the map pro- 

vides geologic history and mineral resource potential of the area, as well as the geo- 

logic factors affecting land development. 

Slope Stability 

Each year, landslides, debris flow, and avalanches in the United States cause 

about $1.5 billion in damages and 25 fatalities (FEMA, 2000a). Slope failure 

occurs when the gravitational force of slope materials exceeds the resisting forces 

of friction, strength, and cohesion of the supporting materials. Certain properties 

of sloped terrain (such as steepness, layering or fracturing of materials, and 

absence of vegetation) can make them inherently susceptible to failure, and 

superimposing factors (such as additional moisture, overloading, and undercut- 

ting) can make matters worse (box 9.3). These factors can occur naturally or can 

be induced by humans’ activities. Box 9.4 describes various types of slope failure 

and some of the nomenclature used in the field. 

The hazards of slope failure or landsliding are obviously most prevalent in 

mountainous regions, although localized hazards may occur in other areas as well. 

The challenge to a local community concerned about landslide hazards involves 



BOX 9.3—Factors Affecting Slope Failure: Gravity versus Resistance 

Inherent Factors 

= Slope 

= Properties of underlying materials 

Slippage potential 

Layering 

Fracturing 

Unconsolidated materials 
= Vegetation 

= Moisture 

Superimposed Factors 

» Deterioration of materials 
= Increased moisture 

= Overloading 

= Undercutting 
» Earthquakes or other shocks 

BOX 9.4—Types of Slope Failure 

lope failure can be distinguished by five 

types: falls; slides; slumps; flows; and lat- 

eral spreads that may occur on flat or 

Fall—masses of rock 
and/or other material 
that move downslope by 
falling or bouncing 

Slump—coherent or intact mass 
or rock and/or other material that 
moves downslope by rotational 
slip on surfaces that underlie and 
penetrate the landslide 

Fall—masses of rock and/or other material that 

moves downslope by falling or bouncing 

Slide—incoherent or broken masses of rock 

and/or other material that has moved down- 

slope by sliding on a surface 

Slump—coherent or intact mass or rock and/or 

other material that moves downslope by rota- 

tional slip on surfaces that underlie and pene- 

trate the landslide 

Flow—masses of soil and other colluvial material 

that have moved downslope in a manner simi- 

lar to the movement of a viscous fluid 

Flows can be characterized by the speed of 

movement and by the materials involved. In flows, 

materials actually take on the characteristics of a 

fluid. Air and water generally accompany the 

material making it more fluid by reducing friction. 

Slow flows are generally laminar where materials 

Slide--incoherent or broken 

masses of rock and/or other 
material that have moved 
down-slope by sliding on a 
surface 

gently sloping land due to liquefaction of underly- 

ing materials. 

Flow—masses of soil 

and other colluvial 
material that have moved 
downslope is a manner 
similar to the movement 
of a viscous fluid 

move without pulling apart, and rapid flows gen- 

erally become turbulent where materials are 

churned. Exceptionally rapid flows of soil, rock and 

water, snow, and/or ice on very steep slopes are 

called debris avalanches. These are triggered by 

heavy rain or snow, melting snow, added weight, 

or shocks from earthquakes or other causes. 

Slower flows of solid materials, air, and water are 

called debris flows. If more than half of the solid 
material is smaller than sand, it is referred to as a 

mudflow. Soils subject to liquefaction may be sub- 

ject to spontaneous flows. Very slow downslope 

flow of soils is called creep. The average flow rate 

of materials can range from a fraction of an inch 

per year to 4 or 5 inches per week. Most slope fail- 

ures occur not as strictly falls, slides, slumps, or 

flows but as combinations called slide-flow combi- 
nations or landslides. 
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Figure 9.19 Portion of a USGS Geologic Quadrangle Map. Produced in 1997, the surface 
geology map is complemented by two sections. The lengthy text of the map (not shown here) 
describes in detail the geologic history, structure, stratigraphy, materials, mineral resources, 
and land use constraints. Source: Hudson and Murray (2003). For full map, see http://pubs. 
usgs.gov/mf/2003/mf-2412/mf-2412.pdf. 

first identifying and mapping potential landslide areas. Based on this information, 

the community can then assess the degree of hazard and develop policies and con- 

trols to mitigate the hazard 

Inventorying and Mapping Landslide Hazards 

In mapping landslide hazards, the USGS suggests a sequence of progressively more 

detailed steps so that a general distribution of hazardous areas emerges early, and 

further study provides refinement. The first level of investigation, coincident with 

our rapid assessment, involves preparing a slope map and a landslide inven- 

tory. Slope mapping is described in chapter 12. The inventory identifies areas 

where landslides have occurred. Simple inventories can be done by carefully 

reviewing aerial photographs for landslide deposits and scars. More detailed inven- 

tories involve some field investigation in addition to photo analysis and may distin- 

guish active from old slides, the type and depth of the slide, and the kind of geologic 

materials involved. Figure 9.20 gives an example of a landslide inventory map. 
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Figure 9.20 Landslide Inventory. Source: U.S. Geological Survey (1982). 

Slope-Stability Maps 

These maps distinguish the relative potential of different areas for landsliding. As 

discussed, many factors influence an area’s susceptibility to slope failure. Includ- 

ing all of these factors in an analysis of slope stability is impractical. USGS has 

employed a fairly simple procedure that is reasonably well accepted. It is based on 

three parameters—the underlying bedrock material, steepness, and the presence 

or absence of earlier landslide deposits. Landslide deposits are identified by land- 

slide inventories, and steepness is represented in slope maps. (Chapter 12 

describes how to map slope steepness using topographic maps.) 

Underlying geologic materials that are poorly consolidated contribute to land- 

slide susceptibility. These include bedrock units with extensive shearing or joint- 

ing, or with structurally weak components such as breccia, and surficial deposits 

such as alluvial, colluvial, terrace, and talus deposits and artificial fill. The location 

of such materials can be interpreted from geologic maps. A simple method of iden- 

tifying geologic units that may be susceptible to sliding is to overlay a landslide 

inventory map onto the geologic map. The types of geologic units where landslides 

have occurred are probably those most likely to fail. 

Given the locational information on the three variables—slope, geologic mate- 

rials, and landslide deposits—a composite map can be produced to rate areas on 

slope stability. In the slope-stability mapping of the San Francisco Bay region the 

following five slope stability categories were developed based on the three parame- 

ters (Nilsen, Wright, Vlasic, and Spangle, 1976): 

1. Stable: Areas of 0-5% slope that are not underlain by landslide 

deposits. 
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2. Generally Stable: Areas of 5-15% slope that are not underlain by 
landslide deposits. 

3. Generally Stable to Marginally Stable: Areas of greater than 15% 

slope that are not underlain by landslide deposits or bedrock units sus- 

ceptible to landsliding. 

_-4. Moderately Unstable: Areas of greater than 15% slope that are 

underlain by bedrock units susceptible to landsliding but not underlain 

by landslide deposits. 

5. Unstable: Areas of any slope that are underlain by or immediately 

adjacent to landslide deposits. 

Figure 9.21 shows an example of a landslide susceptibility map for the Congress 

Springs area of Santa Clara County, California. To produce the map, several fac- 

tors were considered: steepness of slope, type of rock or surficial deposit, and loca- 

tions of bedrock faults, springs, and former marshes. Note the “Yes-No-Maybe” 

approach (green light, red light, yellow light) for recommended land use. “Maybe” 

areas are those shown as Yes* and No* in figure 9.21. This type of overlay environ- 

mental zoning recognizes that some areas clearly are not hazardous and should be 

appropriate for construction and some areas are very hazardous and inappropriate 

for development. However, there are areas on the margin where moderate prob- 

lems can be addressed with engineering design or construction practices, or 

where there is uncertainty. For these areas, a caution flag is raised by requiring an 

engineering site assessment before a building permit will be granted. 

Support Problems 

In addition to slope problems, ground failure can also result from support prob- 

lems caused by the lowering of the ground surface due to settlement or subsi- 

dence. Settlement, which is discussed under soil properties in chapter 12, results 

from construction on compressible soils of low strength (table 12.1 in chapter 12 

classifies soil strength). In the ground stability study of the San Francisco area 

cited earlier (Nilsen, Wright, Vlasic, and Spangle, 1976) a sixth category unrelated 

to slope was included: 

Unstable Due to Settlement: Areas of 0-5% slope that include tide- 

lands, marshlands, and swamplands that are underlain by moist uncon- 

solidated muds. 

Subsidence 

Subsidence is most commonly caused by the removal of underground fluids 

(groundwater, oil, or natural gas), which play a role in supporting ground surfaces 

by filling the pores and layers of unconsolidated soils. Removal of these fluids 

causes the underlying materials to sink, and the ground surface drops. Ground- 

water withdrawals have caused considerable lowering of land surfaces in Mexico 

City where portions of the city have dropped over 30 feet, in the San Joaquin Valley 
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Figure 9.21 Potential Ground Movement and Recommended Land Use Policies. Compare to the landslide inventory 
map, figure 9.20. Source: U.S. Geological Survey (1982). 

in California (26 feet at one location), and in the Houston-Galveston area of Texas 

(9 feet) (Griggs and Gilchrist, 1983). The Houston-Galveston subsidence has 
caused active surface faulting and has necessitated the construction of costly lev- 
ees and other measures to protect subsided areas from flooding. Figure 9.22 shows 
the subsidence in the San Joaquin Valley from 1925 to 1977. 
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Figure 9.22 Ground Level Drop Due to Subsidence from Groundwater Withdrawal in San 
Joaquin Valley, California, Near Mendota. Approximate altitude of land surface based on 
research efforts of Joseph F. Poland (pictured). Source: U.S. Geological Survey (2000c). 

Although subsidence caused by fluid extraction is usually irreversible, the pro- 

cess can be arrested by stopping the withdrawal or by injecting other fluids to 

replace those withdrawn. Other common causes of subsidence are the dewatering 

of wetlands, full-extraction underground mining methods, and underground solu- 

tion in limestone terrain. Subsidence from underground mining has been a prob- 

lem in central Appalachia, where mining occurs in populated areas and compa- 

nies own subsurface rights and landowners own surface rights (Roth, Randolph, 

and Zipper, 1991; Zipper, Balfour, and Randolph, 1997). 

Karst 

Areas underlain by limestone or dolomite may develop karst or pocked topogra- 

phy. Acidic groundwater dissolves the carbonate or evaporative rocks and produces 

underground cavities into which surface materials can fall causing sinkholes. 

Figure 9.23 shows that the carbonate karst problem is common in Florida, Mis- 

souri, Texas, and most of Appalachia. Solution weathering of limestone and other 

carbonate or soluble rock creates pocked landscape, sinkholes and caves (figure 
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Figure 9.23 Karst (Sinkhole) Terrains of the Eastern United States That Are Underlain by Soluble Rock. Source: George 

Veni. 2002. “Revising the Karst Map of the United States.” Journal of Cave and Karst Studies 64(1): p.49. Copyright 
National Speleological Society, used with permission. 
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Figure 9.24 Solution Weathering of Limestone Creates Karst. 

9.24). Figure 9.25 shows a sinkhole collapse risk map, based on geologic investiga- 

tion of surface, subsurface, and drainage characteristics. Not only do karst sink- 

holes cause serious support problems, but also they provide direct avenues for 

groundwater contamination, particularly with the common practice of filling them 
with waste materials (see chapter 15). They are also subject to flooding when 
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Figure 9.25 Sinkhole Collapse Risk Map. Source: Phillip Kemmerly, 1993, “Sinkhole Hazards 
and Risk Assessment in a Planning Context.” Journal of the American Planning Association 58(2): 

227. Reprinted by permission. 

runoff exceeds the drainage capacity of the sinkhole. The natural process of sink- 

hole development can be accelerated by human activities including water with- 

drawal and ground vibrations. 

Construction of structures and waste disposal systems like sewage lagoons and 

landfills should obviously avoid areas of potential sinkhole activity. These areas can 

be identified from USGS 7.5-minute quadrangle maps, which show existing sink- 

holes, and from geologic maps, which indicate sinkholes, abandoned mines, karst 

areas, and limestone deposits susceptible to karst activity. An increasing number of 

communities are developing overlay zoning in karst areas to protect groundwater, 

sensitive caves, and property values (Belo, 2003). 

Seismic and Volcanic Hazards 

Earthquakes pose a severe risk in active areas of the United States, mostly in the 

Pacific states. The 1994 Northridge, California, quake caused approximately $30 

billion in damage, and the 1989 Loma Prieta quake in northern California caused 

$6 billion (FEMA, 2000a). Although there was loss of life, effective earthquake 

hazard mitigation planning kept the death toll in those quakes small compared 

with major quakes in less prepared parts of the world. The lesser magnitude 1985 

Mexico City quake killed more than 5,000 people. 

Most earthquakes are caused by the tectonic movement of the earth’s major 

crustal plates, shown in figure 9.26, that float on more fluid interior materials. Fig- 

ure 9.27 shows that nearly all of the earthquake history of the United States is at 

those plate interactions. Stress is generated on these plates by convection currents 

in the fluid materials and is released by slippage along weaknesses or faults in the 
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Figure 9.26 Tectonic Plates. As these plates move, strain accumulates, faults slip, and 

earthquakes occur. Source: U.S. Geological Survey, http://geology.er.usgs.gov/eastern/ 

plates.html. 

crust. Over time, plate movement builds up pressure that must be relieved period- 

ically. If fault surfaces are smooth, plates may move “aseismically” without build- 

ing pressure. However, if movement along faults sticks, compresses, or bends, 

pressure will build up, ultimately to be relieved “seismically” by a sudden dramatic 

movement or earthquake. 

Faults occur throughout the tectonic plates, and major intraplate fissures can 

result in significant quakes. The famous New Madrid, Missouri, quakes of 1811-12, 

were caused by major intraplate rifts near the middle of the North American plate. 

However, most major faults occur where two tectonic plates interact. More than 95 

percent of earthquake epicenters are located along the plate boundaries shown in fig- _ 

ure 9.26. The 1985 Mexican earthquake that was measured at a magnitude of 7.8 on 

the Richter scale! and killed more than 5,000 was centered where the Cocos plate 

intersects the North American plate. 

Earthquake Hazards 

Earthquakes pose a number of hazards for human developments as a result of 

fault displacement, groundshaking, ground failure, flooding, and indirect effects 

such as fire, fuel or water line rupture, and damage to critical facilities. Seismic or 

1. Earthquake magnitude is a measure of the strain energy released by an earthquake as 
calculated from the record made by the event on a seismograph. In 1935, Charles Richter 
defined local magnitude, or Richter magnitude, as the logarithm (base 10) of the amplitude 
in micrometers of the maximum amplitude of seismic waves that would be observed on a 
standard torsion seismograph of a distance of about 60 miles from the epicenter. 



Figure 9.27 History of Major Earthquakes and Hazard Risk Map of the United States. Source: 

U.S. Geological Survey (2003a). 
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Figure 9.28 Earthquake Groundshaking Depends on Underlying Materials. The Cypress 
freeway structure in Oakland (CA) that stood on soft mud (dashed red line) collapsed in the ~ 
1989 magnitude 6.9 Loma Prieta earthquake, whose epicenter was 55 miles south. Adjacent 
parts of the freeway (solid red) that were built on firmer ground remained standing. 
Seisograms show that the shaking was especially severe in the soft mud. Photo: Lloyd S. Cluff. 

Source: U.S. Geological Survey (2001). 

aseismic fault displacement can cause significant damage to structures built on 

or near the fault line. 

Most seismic damages, however, result from groundshaking, which can 

extend far beyond the earthquake epicenter. Although groundshaking in the vicin- 

ity of an earthquake will obviously depend on the magnitude of the quake and the 

distance from the epicenter, it also depends on the underlying soils and geology. As 

shock waves travel from dense rock to less dense rock to unconsolidated material 

such as alluvium and finally to saturated materials like muds, they tend to increase 

in amplitude and decrease in velocity. Ground motion thus lasts longer and is more 

severe in unconsolidated and water-saturated soils, and structures located on 

these materials will encounter greater damage. This is well illustrated in figure 

9.28. It describes the groundshaking from the 1989 San Francisco Bay area earth- 

quake that caused the collapse of the Oakland I-880 freeway. Groundshaking grew 

in magnitude as the shock waves encountered the soft bay muds. 

Potential damage due to groundshaking also depends on the structures them- 

selves. Wood frame houses tend to be about the safest, while old, unreinforced 
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masonry structures are the most dangerous. Newer reinforced concrete buildings 
may allow some deformation without fracturing and thus be able to absorb some 
groundshaking; and modern steel-frame buildings generally are flexible enough to 
absorb shock, although the movement will likely damage glass and other rigid com- 
ponents (Jaffe, Butler, and Thurow, 1981). As the relationship between damage, 

groundshaking, and underlying geologic materials has been better understood, 

land use and building codes have reflected this understanding. Figure 9.30 shows 

that building strength codes not only have become more stringent in California but 

also have distinguished underlying materials, with higher standards required for 

construction on soft soil as compared with hard rock. 

Ground failure due to landslides, liquefaction, subsidence, and settlement can 

be triggered by earthquakes. In assessing earthquake hazards it is important to 

locate areas susceptible to these slope and support problems. Flooding of low-lying 

areas can also be a potential hazard as a result of earthquake-induced dam failure or 

tsunamis (the “tidal waves” caused by earthquakes in the bottom of the sea or bay). 

In the 1906 San Francisco earthquake, most of the damage came not from the 

groundshaking and failure but from the fires caused by them; furthermore, rup- 

tured water lines impeded the effort to control the fires. These and other indirect 

earthquake hazards should be considered in a comprehensive earthquake risk 

assessment and mitigating effort. Of particular importance are potential damages 

to “critical facilities.” These may include facilities required to maintain health and 

safety such as hospitals and fire stations; large population centers such as sports 

arenas; and facilities that could pose special dangers if damaged, such as nuclear 

power plants, chemical plants, hazardous waste storage sites, and so on. 

Assessing Seismic Hazards 

A first step in assessing seismic hazards is to gauge the earthquake potential of the 

area to see what community concern and response is warranted. Figure 9.27 gives 

a map of earthquake intensity based on historical seismic activity in the United 

States. Intensity is based on expected earthquake damage.” Much of California is 

shown in the most hazardous zone as expected, but so are several other areas of 

the country that have experienced intraplate quakes. 

Based on historic information, if hazard mitigation is warranted, an inventory 

and mapping of earthquake hazards should be conducted. These maps may 

include the following: 

» Amap showing unconsolidated and water-saturated soils can indicate 

where groundshaking is likely to be most severe. For example, figure 9.29 

2. Magnitude measures the amplitude of the shock waves of a quake; intensity indicates 

the potential observed effects of an earthquake of an expected magnitude at a particular place. 

A 12-grade Modified Mercalli Intensity Scale is used today ranging from I (“Not felt except by 

a very few”) to V (“Felt by nearly everyone; some dishes broken; pendulum clocks may stop”) 

to XII (“Damage total; waves seen on ground; objects thrown upward into the air”). 



Environmental Land Use Management 

SHAKING 
AMPLIFICATION 

@ Extremely High 
az) 
zs as 

= oe 7 

Moderately High 
Moderate 
Moderately Low 
Low 
Very Low 
Highways 
Streets 

oO 
O 
a 
4 
oO 
O 

Source: ABAG, 1995 
“On Shaky Ground" 
The map is intended 
for planning only. 
Risk levels may be 
incorrect by one unit 
higher or lower. Current 
Version of map 
available on Internet at 
http:jMavw.abag.ca.gov 

Figure 9.29 Earthquake Groundshaking Potential in San Francisco Bay Area. Low shaking areas are on bedrock; high 
shaking areas are on soft materials. Figure at right zooms in on area at south end of the Bay. Source: Association of Bay 

Area Government (1995). 

shows two maps prepared by the Association of (San Francisco) Bay Area 

Governments (ABAG), showing the risk of earthquake groundshaking in 

Bay Area communities. The small-scale map shows the entire region, and 

the large-scale map zooms in on a portion of Santa Clara County at the 

south end of the Bay on the regional map. 

» Maps showing unstable slopes and dam failure and tsunami inundation 

areas can indicate areas susceptible to earthquake-induced landsliding 

and flooding. The differentiation of risk zones is the first step in land use 

planning for seismic hazard mitigation. 

» Amap showing critical facilities can locate important and hazardous 

facilities. 

California’s Seismic Hazard Mapping Act of 1990 mandated the California 

Department of Conservation (CDC) to identify and map the state’s most promi- 

nent earthquake hazards. The department’s Seismic Hazard Zone Mapping Pro- 

gram maps California’s areas prone to liquefaction (failure of water-saturated soil) 
and earthquake-induced landslides. Cities and counties use the maps to regulate 
development. They can withhold development permits until geologic or soils inves- 
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tigations are conducted for specific sites and mitigation measures are incorporated 

into development plans. Sellers of property use the maps to determine if their sites 

are in a hazard area; if so, they must disclose this to the buyer. The CDC produced 

the first maps in 1996 and continues to prepare them in 2003 (CDC, 2003). 

All of these maps can provide the spatial or locational basis for developing safety 

policies and controls to mitigate seismic hazards, such as land use zoning and 

building codes. Figure 9.30 illustrates how California building codes have become 

increasingly more stringent in seismic safety between the 1950s and the 1980s. As 

discussed earlier in this chapter, Nelson and French’s (2002) study of the 1994 

Northridge earthquake argued that effective earthquake hazard mitigation must 

go beyond building codes to include retrofitting older buildings to current stan- 

dards, quality comprehensive plans, and effective implementation of land use 

controls and codes. 

Volcanic Hazards 

Another related geologic hazard comes from active volcanoes. Only few areas of 

the world are subject to these hazards, but for those that are, the hazard is poten- 

tially catastrophic. The eruption of Mount St. Helens in 1980 was a wake-up call 
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Figure 9.30 California Earthquake Building Codes for New Construction. Source: U.S. Geological Survey (2001 »: 

for many U.S. communities that are near active volcanoes. The hazards of volca- 

noes are generally four: 

ibs 

2. 

Lava flows: Molten rock or magma that pours or oozes onto the 

earth’s surface. 

Pyroclastic flows: Hot avalanches of lava fragments and volcanic gas 

formed by the collapse of lava flows or eruption clouds. 

. Tephra: Fragments of rock blasted high into the air. Large fragments 

fall close to the volcano. Small fragments or ash can travel hundreds of 

miles. 

. Lahars: Fast-moving slurries of rock, mud, and water that look and 

behave like flowing wet concrete. Pyroclastic flows can generate lahars 

by melting snow and ice. 

Whereas tephra and the earthquakes accompanying volcanic eruptions affect 

large areas adjacent to the volcano, the other hazards follow topographic charac- 

teristics of surrounding land and thus can be mapped. Figure 9.31 shows a hazard 

zone map for lahars and pyroclastic flows for Glacier Peak in the Cascade Moun- 

tains east of Bellingham, Washington. Identifying areas that are at risk can inform 

both land use plans and emergency preparedness plans. USGS has conducted vol- 

canic hazard assessment reports and maps for most volcanoes in the Pacific 

Northwest (U.S. Geological Survey, 2003b). 
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Figure 9.31 Volcanic Hazard Map for Glacier Peak, Washington. Source: U.S. Geological Survey (2000b). 

Wildfire Hazards 

Wildfires have always been a hazard to forestland, but suburban and ex-urban res- 

idential development has brought that hazard to America’s backyard. Wildfires in 

2002 in Colorado and Oregon demonstrated once again the hazard and risk to 

communities. As early as 1985, when 1,400 homes were destroyed by wildfire in 

California and Florida, it became apparent that a concerted effort was necessary 

to mitigate wildfire hazards. 

As a result, the U.S. Forest Service, the National Fire Protection Association, 

and other organizations established the National Wildland/Urban Interface Fire 

Program. That program initiated the Firewise Communities program to mitigate 

wildfire hazards by education and technical assistance to community firefighters, 

urban planners, landscape architects, building designers, and contractors (Fire- 

wise, 2001). 

Like most natural hazards, wildfire is plagued by the disaster-relief-rebuild- 

disaster cycle discussed earlier. People tend to ignore a hazard until a disaster 

occurs, then reach out for help, only to rebuild in the hazardous area and subject 

themselves (and others) to future disasters. After Oakland lost 3,500 homes to 

wildfire in 1991, many rebuilt in the same area without vegetative cleanup or 

improved construction practices. Though they thought such a wildfire would 

never return, history showed that disastrous fires had struck in 1923 and 1970. 

Memories are short. 
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Wildfire hazard mitigation planning follows the same process outlined in box 

9.1. The Firewise Communities program has developed a useful wildfire risk 

assessment form to determine relative risk. The assessment form is available at 

http://www.firewise.org/communities/. It includes a number of factors that are 

combined in a sum-of-weighted-factors method to produce a wildfire hazard score: 

» Means of access, both egress for residents and ingress for firefighters 

= Vegetation based on fuel models: light (grasses), medium (brush, small 

trees), heavy (dense brush, timber, hardwoods), slash fuels (logs, stumps, 

broken understory) 

=» Topography within 300 feet of structure: steeper slopes produce thermal 

currents that spread fire 

» Building construction: materials and setbacks 

» Roofing assembly: rated for fire hazard 

Available fire protection: water sources, distance to fire station 

» Placement of electric and gas utilities: underground or above ground 

» Additional factors 

Specific measures to reduce wildfire hazard include fire-resistant landscaping 

and construction materials, maintenance of wild vegetation that serves as fuel, 

and improved fire protection and response. 

Other Natural Hazards 

Most other natural hazards, like flooding and coastal storms, are weather related. 

Tornadoes, lightning storms, and winter storms create damage and death 

throughout the United States every year. Different from geologic, flooding, and 

coastal hazards, these weather hazards are more pervasive. Certain regions are 

more susceptible to tornadoes (“tornado alley” of the Midwest—Oklahoma, 

Kansas, Nebraska, Missouri, Texas, and surrounding states) and to winter storms 

(northern states) and they need to mitigate these hazards with building codes and 

emergency response. 

Although we think of major storms as the main weather-related hazards, and 

they are in terms of property damage, extreme heat is the biggest killer. About 175 

people die each year from extreme heat, mostly in urban areas. These do not 

include air-pollution-related deaths. Urban air pollution episodes are often coinci- 

dent and exacerbated by extreme heat. Drought and heat impacts water supplies, 
air quality, natural and introduced vegetation, and aquatic life. Smart land use 
reflects an understanding of these hazards and impacts and incorporates mea- 
sures to mitigate them. These include use of drought-resistant and native land- 
scaping, contingency water supplies, and conserving natural vegetative buffers at 
the land-water interface. 

The National Drought Mitigation Center at the University of Nebraska provides 
drought information, forecasts, and a daily drought index. The index combines 
information used in a number of drought indices relying on rainfall, snowpack, 



Natural Hazard Mitigation = 243 

streamflow, temperature, soil moisture, and vegetation condition. The index 
ranges from DO (abnormally dry) to D4 (exceptional drought) (see http://enso. 
unl.edu/monitor/monitor.html). 

Summary 

This chapter introduced the important topic of natural hazard mitigation and dis- 

cussed its application to flooding, coastal, geologic, wildfire, and other hazards. 

Effective hazard mitigation requires understanding the hazard, mapping relative 

hazard based on that understanding, and formulating and implementing enforce- 

able measures to mitigate exposure and vulnerability. These measures include 

land use and building regulations that preclude development in high hazard areas 

and require stringent standards in moderate hazard areas; property acquisition 

and relocation in high hazard areas; education; and emergency preparedness. 

Natural hazard mitigation plans should address multiple hazards, be prepared in 

anticipation rather than after a natural disaster, and be reevaluated and modified 

as necessary after each hazard event. 

Inland flooding hazard mitigation requires quality mapping and land use con- 

trols. Through FEMA, the U.S. NFIP has made flood hazard boundary maps avail- 

able to all flood-prone communities. In addition, the availability of flood insurance 

is conditional on local floodplain management, including restrictive zoning in the 

100-year floodplain. These standards provide a baseline of protection for new 

development, but many communities have gone beyond these requirements to 

protect more flood-prone and riparian areas and have addressed existing exposed 

developments through relocation. 

Coastal hazards result from the dynamic nature of beach, dune, and bluff pro- 

cesses and exposure to coastal storms including hurricanes. Restricting develop- 

ment in hazard areas and preserving natural protection mechanisms like dune 

systems are important elements of coastal hazard mitigation. 

Slope-stability hazards are a function of slope steepness and underlying materi- 

als. Mapping these features as well as evidence of past landslides can give a good 

spatial representation of slope stability and provide information on which to base 

land use regulation to reduce exposure and vulnerability. 

Likewise, support problems like karst and sinkholes can be assessed, mapped, 

and controlled. Subsidence problems are usually caused by human activities like 

groundwater, oil, or natural gas pumping and subsurface mining. Hazard mitiga- 

tion requires understanding the processes involved and controlling the activities to 

reduce the hazard, exposure, and vulnerability. 

Unlike slope and support problems, earthquake hazards affect entire regions. 

More pervasive hazards from earthquake groundshaking require more widespread 

controls, like building standards for all new development. Still, there are areas 

within earthquake regions that are more susceptible to groundshaking hazards 

than others due to underlying materials such an unconsolidated materials, clays, 

and muds. Effective mitigation requires identifying and mapping these areas of 

higher relative hazard and applying more stringent mitigation measures. 
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Ecosystem management (EM) and watershed management (WSM) have emerged 

as holistic approaches to integrate the wide range of objectives and perspectives in 

environmental land planning and management. These two approaches share some 

common themes. They both aim to 

integrate science and politics; 

consider variable scales, telescoping to larger landscapes and zooming in 

to smaller sites (see figure 10.1); 

have a long-term time perspective, in terms of both process and outcomes; 

be scientifically based, using both initial “best science” assessment and 

long-term scientific learning; 

» focus on ecological integrity and incorporate social and economic objectives; 

= consider a wide range of regulatory and nonregulatory solutions and inte- 

grate them into a comprehensive strategy; 

engage stakeholders to tap scientific and local knowledge, perceptions, 

and values; and 

= use monitoring and adaptive management to learn from implementation 

and fine-tune strategies. 

This chapter first describes the basic principles of ecosystem management and 

watershed protection, including scientific assessments and integrating strategies and 

programs. The chapter then explores institutional arrangements for ecosystem and 

watershed management, and finally, presents recent applications of EM and WSM. 

Principles of Ecosystem Management 

Historically, we have managed environmental resources with a singular, reduc- 
tionist approach. In nature, however, these resources are inextricably linked not 
only to each other but also to human activities. It makes sense to look at them as a 

244 
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Figure 10.1 Ecosystem and Watershed Management Act across a Hierarchy of Scales. Source: 

FIWSCR (1998). 

whole, to manage them as ecosystems. Ecosystems can be studied at a variety of 

scales, from an isolated tidal pool to a continent (figure 10.1). Human society is an 

important component and must be viewed as part of the ecosystem to be managed. 

The current movement toward EM was prompted in the late 1980s by a num- 

ber of converging factors, including the following: 

=» Heightened recognition of the “biodiversity crisis” of habitat destruction 

and species extinction 
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» Limited success of piecemeal environmental laws and programs in meet- 

ing the expectations of a range of stakeholders, including both develop- 

ment and preservation interests 

» Theoretical and empirical developments in environmental management 

that called for more holistic and adaptive approaches 

= Changing societal values and attitudes about natural systems, requiring 

new ways of incorporating those values in management 

Since the early 1990s managing ecosystem integrity and health has become the 

operating policy of federal land management agencies, like the U.S. Forest Service 

and the U.S. Fish and Wildlife Service (Phillips and Randolph, 1998). It developed 

in response to concerns over biodiversity and the limitations of species-specific 

wildlife management and commodity-based resource management to ensure 

resource sustainability. The ecosystem approach has been adopted by many local 

and regional organizations for environmental management (Yaffee et al., 1996). 

As it has evolved during the 1990s, EM can be defined as follows: 

Ecosystem management is an integrative, interdisciplinary, adaptive, and 

collaborative approach to policymaking, planning, and management, 

grounded in the best scientific information available, recognizing uncertain- 

ties, and the understanding that human activity and ecosystems are inextri- 

cably linked. The goal of EM is to sustain and/or restore ecosystem integrity 

and biological diversity at all spatial and temporal scales through scientific 

understanding and collaborative decision making. 

The following list outlines five EM criteria. They include an ecological orienta- 

tion; appropriate time and spatial scales; scientific data collection and analysis; a 

distinct role of humans in ecosystems and in planning and management; and 

appropriate interdisciplinary, interagency, and adaptive management actions 

(Grumbine, 1994; Phillips and Randolph, 2000; Smith, 1995). 

Ecosystem Management Criteria 

1. Ecological Orientation ‘i 

a. The ecosystem dictates use and management strategies. 

b. The integrity of the ecosystem is to be preserved in ways to seek sus- 

tainability. 

c. Natural biodiversity is to be maintained, focusing on how the biologic 

community functions as a whole within the ecosystem. 

2. Time and Spatial Scale 

a. Long-term time horizon, looking at future generations of species 

including people. 

b. Boundaries are set by the ecosystem, not by jurisdictional borders. 
c. Hierarchy of ecosystem scales allows addressing larger landscape 

interconnections through site-scale actions. 

3. Scientific Basis, Data Collection, and Analysis 

a. Acquire as complete a knowledge base as possible within technologi- 
cal, scientific, and budgetary limits. 
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b. Use adaptive approaches to experiment and acquire new information 

to fill gaps in knowledge. 

4. Role of Humans and Society 

a. Humans are part of ecosystems: Social, cultural, and economic values 
of humans must be considered in management of land and ecosystems; 

. b. Humans have damaged the environment: Practice restoration. 

c. Humans will change the environment: Minimize and mitigate impact. 

d. Collaborative planning and decision making requires stakeholder 

involvement. 

5. Management Actions 

a. Integrate management within agencies and between agencies. 

b. Integrate interdisciplinary practices into management strategies. 

c. Monitor management practices for effectiveness. 

d. Practice adaptive management: Learn from monitoring and modify 

practices as necessary. 

The experience and experimentation in EM has been widespread. The 

approach has many well-accepted concepts. However, putting them into practice 

has proven difficult. Early experiments, such as the Greater Yellowstone Eco- 

system program proved too complex to overcome political and interagency conflicts 

(Goldstein, 1992). The federal agencies have had problems institutionalizing the 

concepts of EM in their planning and management (Fitzsimmons, 1999). In addi- 

tion, the principles have been applied in literally thousands of ecological and water- 

shed restoration projects on private and public lands with mixed success. 

f 

Ecosystem Management on Public Lands 

Ecosystem management did not enter the federal government vernacular until 

the early 1990s, but its roots go back much further. The organic acts of the national 

forest system (1891) and the national park system (1916) contain some of the 

principles of the “Ecosystem Management Criteria” list. The multiple use and sus- 

tained yield concepts of the 1950s and 1960s related to time and spatial scale and 

scientific analysis but were largely interpreted by the agencies to be a basis of com- 

modity production rather than ecosystem integrity. However, the passage of the 

National Environmental Policy Act (NEPA) in 1970 and public lands planning leg- 

islation in the late 1970s, forced agencies to incorporate broader issues into their 

planning. Still, most efforts were procedural. It became clear that it is difficult to 

teach “old agency dogs” new tricks. It took some time before EM principles began 

to replace commodity production objectives in the Forest Service and the Bureau 

of Land Management and recreation interests in the Park Service. But, the agen- 

cies have been moving away from expert-driven, commodity/recreation-based, 

rational-comprehensive planning and decision making to more participatory, 

ecosystem/integrity-based, adaptive planning, although most analysts agree that 

the transformation is not complete. 

By the late 1980s, many of the “old dogs” were retiring and were replaced by a 

new generation of natural resources managers, many fresh out of progressive aca- 
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demic programs. They began to transform the agencies. In professional forestry 

associations and in the Forest Service, for example, a new movement called New 

Perspectives, then New Forestry, began to rethink forest management in response 

to concerns over diminishing public support, declining biodiversity, and long-term 

ecosystem health that would ultimately determine resource sustainability. By the 

early 1990s, this movement evolved to EM, which Forest Service chief Dale 

Robertson declared in 1992 would be the policy for the national forest system. 

However, efforts to institutionalize this policy in Forest Service planning regu- 

lations in 1995 met with political opposition from commodities interests who 

feared diminished production from the national forests and from some policy ana- 

lysts who questioned the ability to systematically manage the resources on an eco- 

logical rather than an economic basis (Flick and King, 1995). The proposed rules 

were withdrawn, and attention was refocused on “forest health” (a “Mom and 

apple pie” issue no one could oppose) rather than EM. By late 2000, however, the 

National Forest Service did approve revised planning rules, incorporating many of 

the principles of EM, as shown in box 10.1 (USDA, USFS, 2000). But the Forest 

Service had been practicing EM for many years under the 1992 administrative 

policy, and forest management plans began reflecting the principles long before 

the change in rules (Phillips and Randolph, niet Some of these cases are pre- 

sented in the last section of this chapter. 

Ecosystem Management on Private Lands 

Many skeptics thought that EM would be limited to public land and resource appli- 

cations because of the complexities involved. They assumed that single ownership of 

large blocks of natural landscapes was necessary to achieve ecosystem functions and 

objectives. However, in April 1993 Secretary of Interior Bruce Babbitt described 

three habitat conservation plans (HCPs) on private land under the Endangered 

Species Act (ESA) as examples of “ecosystem management.” Responding studies of 

HCP projects conducted at that time showed that they fell short of the EM criteria 

given in the “Ecosystem Management Criteria” list (Smith 1995). Still, his state- 

ment begged the question of whether or not EM could be practiced on private lands. 

Land conservation efforts across the country during the 1990s indicated that 

EM principles could be used in managing ecosystem integrity and biodiversity at a 
variety of scales and ownerships by federal, state, and local agencies; property 
owners; and nonprofit groups. These efforts are chronicled in different sources, 
including Yaffe et al.’s (1996) “Ecosystem Management in the United States: An 
Assessment of Current Experience.” These inventories list hundreds of examples 
of mostly community-based activities in ecological restoration, landowner stew- 
ardship, land trusts for habitats and biodiversity, and other programs and projects. 
Although these projects are labeled “ecosystem management,” most of them used 
watersheds as the defining boundaries for planning and management. With pri- 
vate lands, it is often difficult to distinguish between EM and WSM, especially 
when watershed protection and restoration programs aim to protect habitats and 
other ecological resources. 



BOX 10.1—Forest Service Planning Rules Reflecting Ecosystem Management 
Principles 

Framework for Planning Key Principles 

1. Identification and consideration of issues = Collaborative planning for sustainability 
‘2. Information development and interpretation = Ecological, social and economic sustainability 
3. Proposed actions (plus NEPA requirements) = Contribution of Science 
4. Plan decisions, amendments, revisions = Special considerations 

5. Site specific decisions = Planning documentation 
6. Monitoring and evaluation for adaptive 

(National Forest System Land Resource Manage- - management 
g ‘ ment Planning: Final Rule, November 2000) 

Ecosystem Management, TNC-Style: “Conservation by Design" 

Among the groups and agencies throughout the world engaged in some version of 

EM, The Nature Conservancy (TNC) is a good example. TNC is now the world’s 

largest environmental organization with over 1 million members. As a land trust, 

the Conservancy has protected 12 million acres in the United States and 92 mil- 

lion acres around the world. As TNC has grown, its mission has become more 

ambitious. Once focused on protecting unique sites (“the Last Great Places”), the 

Conservancy now sees a larger potential to piece those places together to preserve 

“the diversity of life on Earth by protecting the lands and waters” natural commu- 

nities need to survive. Under its “conservation by design” policy, it aims to con- 

serve “portfolios of functional conservation areas” within and across ecoregions 

(TNC, 2001). 

TNC’s approach to “ecoregional planning and management” is characterized 

as comprehensive, scientific, collaborative, and community-based. TNC has real- 

ized that to protect functioning ecosystems, it must look scientifically beyond indi- 

vidual properties to larger ecological mosaics. The following four basic steps, given 

along with key terms, are used in the conservation-by-design ecoregional planning 

process: 

1. Set priorities through ecoregional planning. The Conservancy is 

using the best available science to analyze each of the country’s 63 eco- 

regions, rate the most significant natural areas, and identify the suite of 

sites (portfolio) that must be conserved within each ecoregion to sus- 

tain its ecological processes and diversity. 

= Ecoregion: Relatively large geographic areas of land and water delineated 

by climate, vegetation, geology, and other patterns (see figure 10.2). 

= Portfolio: The suite of conservation areas within an ecoregion selected to 

represent and conserve the conservation targets and their genetic and 

ecological variation. 
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Figure 10.2 63 Ecoregions of the United States. Source: Dan Dorfman, The Nature 

Conservancy, (2001). Used with permission. as 

= Conservation targets: Specific components of biodiversity used to 

design ecoregional portfolios and develop and prioritize conservation 

strategies: ecological systems, natural communities, species (see figure 

10.3 of Sonora Desert). 

2. Develop conservation strategies. Identify conservation targets and. 

evaluate methods of abating threats by analyzing stresses (e.g., inap- 

propriate development, ditching/draining wetlands, fire suppression, 

habitat fragmentation, degradation of waterways, invasive species). 

= Platform sites: Placed to showcase effective threat abatement and 

ecosystem protection by collaborating with key agencies, organizations, 

and individuals whose partnerships are essential to achieve tangible, last- 

ing conservation at an effective scale. 

« Functional landscapes: Intended to conserve all biodiversity and are 

large in scale (>20,000 acres). 

3. Take direct conservation action. TNC often tries to identify 

unroaded natural areas that mayserve as functional landscapes that 

may be available for protection. Figure 11.20 shows a GIS inventory 

map produced from data layers on vegetation and roads that shows 

such forested blocks >15,000 acres. TNC can then target these areas 

for acquisition or conservation easements. 

» Conserve: Area is conserved or functional when its biodiversity health score 

has achieved a rank of good or very good, and its threat is low or medium. 

» Functional conservation area: Geographic area needed to maintain 

conservation targets and supporting ecological processes within accept- 

able ranges of variability over the long term. 
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1 An area having permanent protection from conversion of natural land cover and a mandated management plan 
oo in operation to maintain a natural state within which disturbance events (of natural type, frequency, intensity, 

and legacy) are allowed to proceed without interference or are mimicked through management. 

1.3 Million Acres within Ecoregion 1.3 Million Acres within Conservation Sites 

2 An area having permanent protection from conversion of natural land cover and a mandated management plan 
in operation to maintain a primarily natural state, but which may receive uses or management practices that 

ae degrade the quality of existing natural communities, including suppression of natural disturbance. 

4.8 Million Acres within Ecoregion 3.2 Million Acres within Conservation Sites 

An area having permanent protection from conversion of natural land cover for the majority of the area, but sub- 3 gp p ) 
oe ject to extractive uses of either a broad, low-intensity type (e.g., logging) or localized intense type (e.g., min- 

ing). It also confers protection to federally listed endangered and threatened species throughout the area. 

12.1 Million Acres within Ecoregion 5.9 Million Acres within Conservation Sites 

4 There are no known public or private institutional mandates or legally recognized easements or deed restrictions 
held by the managing entity to prevent conversion of natural habitat types to anthropogenic habitat types. The 
area generally allows conversion to unnatural land cover throughout. 

37.0 Million Acres within Ecoregion 12.9 Million Acres within Conservation Sites 

Figure 10.3 GAP Analysis of Sonoran Desert Ecoregion Showing Conservation Sites and GAP Status Codes (1-4). Source: 
Rob Marshall, The Nature Conservancy, 1999. Used with permission. 
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= Functional sites: Intended to conserve a small set of conservation tar- 

gets, such as one species with limited spatial requirements. 

4. Measure conservation success. After conservation action is taken, 

monitor biodiversity and ecological health. 

For example, Virginia has six distinct ecoregions and TNC has applied its con- 

servation by design approach in six portfolio areas (Virginia Coast Reserve, Green 

Sea, Chesapeake Rivers, the Piedmont, Warm Springs Mountain, and Clinch Val- 

ley Reserve). In each area, TNC staff work with local communities on platform 

programs to conserve sites and ecological functions. 

Ecological Restoration 

Ecosystem management usually focuses on protection and conservation of exist- 

ing ecological resources. However, in many cases, human impacts have damaged 

resources and ecological functions to the extent that restoration is required. The 

growing field of ecological restoration has developed in response to challenges 

posed by overgrazing, surface-mined land, clear-cut forests, damaged wetlands, 

contaminated soils, and degraded surface and groundwater. Nature has amazing 

resiliency and restorative capacity. Left alone, damaged ecosystems have shown 

an inherent ability to recover. However, recovery takes considerable time and may 

not occur at all if the threats or causes of degradation are not removed. Active 

restoration practices can remove threats and accelerate recovery. 

Some define ecological restoration as the return of an ecosystem to a close 

approximation of its condition prior to disturbance (National Research Council 

[NRC], 1992). However, because of constraints on knowledge of preexisting con- 

ditions and costs, this ideal is often impractical. As a result, the Society for Ecolog- 

ical Restoration (SER) provides this definition: 

Ecological restoration is the process of assisting the recovery of an ecosystem 

that has been degraded, damaged or destroyed. It involves restoring and 

managing ecological integrity, which includes a critical range of variability in 

biodiversity, ecological processes and structures, regional and historical con- 

text, and sustainable cultural practices. (SER, 2002) 

Several terms used in the restoration literature have subtle but important dif- 

ferences (SER, 2002): 

« Restoration aims to reestablish preexisting biotic integrity in terms of 

species composition and community structure. 

» Rehabilitation emphasizes reparation of ecosystem processes and ser- 
vices (e.g., reforestation). 

» Reclamation provides stabilization of terrain, public safety, aesthetic 
improvement, and return of the land to productive use (e.g., mined land 
reclamation). 
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=» Mitigation lessens or compensates environmental damage (e.g., rehabil- 

itating a wetland to compensate for filling a wetland). 

« Creation is the establishment of a different kind of ecosystem from what 

occurred historically (e.g., created wetlands). 

» Ecological or bio-engineering manipulates natural materials and liv- 

_- ing organisms to solve problems (e.g., streambank stabilization). 

Restoration potential depends on the degree of disturbance of both the site and 

its surrounding landscape, but the site’s condition is more important (NRC, 

1992). An important consideration in ecological restoration is the reference 

ecosystem or conditions that serve as the model for planning and evaluating a proj- 

ect. References are usually given as a composite description of conditions and pro- 

cesses taken from multiple sites. 

The SER provides guidelines for developing and managing restoration projects 

(Clewell, Rieger, and Munro, 2000): 

= Conceptual planning delineates the site, the type of restoration project, 

restoration goals, and interventions needed. 

« Preliminary tasks include organizing and staffing, gathering baseline 

data, setting objectives, and engaging the public and other stakeholders. 

« Installation planning provides more detailed plans, performance stan- 

dards and monitoring procedures, and procurement of materials, prior to 

the actual installation actions. 

» Postinstallation tasks include site protection, maintenance, monitoring, 

and adaptive management as recommended by evaluation. 

Principles and Process of Watershed Protection 

Water resources engineers have long recognized the need to manage watersheds 

to maintain yields and quality of water supply reservoirs. At a larger scale, river 

basin commissions were established in the 1960s to provide a broader approach to 

water management. Some of these commissions, like the Delaware River Basin 

Commission, were successful at improving water conditions, but others became 

mired in interjurisdictional conflicts across state boundaries. 

In the 1990s, the U.S. EPA and other agencies recognized the limitations of 

point discharge controls and other conventional approaches to water quality and 

quantity management. It became clear that managing a water body requires man- 

aging the land that drains to it. The watershed or drainage catchment became a 

useful geographic boundary for managing land and water resources. Based on 

many experimental local programs, the EPA developed guidance for what 

emerged as the watershed protection approach. Watershed management was not 

a new concept, but when coupled with new collaborative planning, it has become 

an effective approach to environmental management. 
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The Watershed Protection Approach 

In 1996, the EPA promoted its watershed protection approach (WPA), which was 

based on the premise that water quality and ecosystem problems can best be 

addressed at the watershed level, not at the individual water body or discharge level 

(U.S. EPA, 1996). There are now an estimated 3,500 active watershed groups in 

the United States implementing variations of this approach. Many states have 

adopted WSM as an organizing approach for their water quality management pro- 

grams. EPA embraced the watershed approach in its Clean Water Action Plan of 

1998, but the approach is still not formally part of the Clean Water Act, which has 

not been reauthorized since 1987. Although it was born in the Clinton administra- 

tion, the WPA is nonpartisan, as demonstrated in the January 2002 announcement 

of the George W. Bush administration’s initiative for renewed federal support for 

community-based watershed protection (U.S. EPA, 2002). 

The WPA has four basic principles: 

1. Targeting priority problems and applying good science to understand 

them 

2. Promoting a high level of collaboration through stakeholder involve- 

ment me 

3. Integrating multiple solutions from multiple agencies and private par- 

ties 

4. Measuring success through monitoring and other data gathering 

The following list outlines three components of a typical WSM program: inven- 

tory, planning, and implementation. The inventory is a key first step. Subsequent 

chapters describe several methods of assessing the watershed and its lands and 

waters. 

Three Components of a Watershed Management Program 

(Source: Commonwealth of Virginia, 1999) 

A. Inventory 

1. Define the watershed boundary. 

2. Identify the stakeholders responsible for developing, implementing, 

and updating the plan to ensure long-term accountability. Engage the 

stakeholders in inventory, planning, and implementation. 

3. Conduct a watershed inventory of natural resource features (wet- 

lands, floodplains, stream corridors, greenways, rare and endangered 

species, steep slopes, erodible soils, karst bedrock areas, sensitive 

habitats, fish and wildlife resources, recreational areas, sources of 

water supply). 

4. Conduct a stream inventory (size, order, water and habitat quality, 
flow regime). 

5. Identify significant environmental features in neighboring watersheds 
(large pollution sources, wildlife refuges, sources of water supply), 

6. Identify and quantify existing sources of point and nonpoint source 
pollution. 
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7. Model the existing hydrology and hydraulics of the watershed (under- 

stand the impact of land use, conveyances, land cover, stormwater 

management facilities, stream cross sections, roadway crossings, 
flooding, and drainage problems). 

B. Planning : 

~~ 1. Define the goals of the WSM plan (what is envisioned for the water- 

shed and who is going to lead the implementation efforts). 

2. Identify and quantify future sources of point and nonpoint source pol- 

lution. 

3. Model the future hydrology and hydraulics of the watershed. 

4. Develop and evaluate alternatives to meet the goals and manage 

water quality (point and nonpoint source pollution) and quantity 

(hydrology and hydraulics). 

5. Identify opportunities to restore natural resources. 

6. Develop the WSM plan (include specific recommendations on devel- 

opment and land use evaluation, selection of structural and nonstruc- 

tural BMPs, public education needs, regulatory requirements, and 

funding). 

C. Implementation 

1. Define the implementation costs (capital costs and annual adminis- 

trative, operations and maintenance costs) and who will pay for the 

implementation of the WSM plan (provide incentives and secure 

commitments). 

2. Establish an implementation schedule. 

3. Develop a watershed monitoring program. 

4. Develop an evaluation and revision process for the WSM plan. 

EPA uses its watershed protection website (www.epa.gov/owow/watershed/) to 

network the hundreds of active local watershed management groups throughout 

the country. The agency continues to provide useful guidance based primarily on 

local experience (U.S. EPA, 1995, 1997, 2000a, 2000b, 2001). 

Other organizations have advanced the cause and practice of watershed pro- 

tection. The nonprofit Center for Watershed Protection, founded and directed by 

Tom Schueler in Ellicott City, Maryland, is one of the best sources of practical and 

technical information on watershed planning and restoration (see www.cwp.org, 

www.stormwater.org). 

Center for Watershed Protection's Basic Concepts in 

Watershed Planning 

The following list shows some basic concepts in watershed planning taken from 

Schueler (2000). These are based on Tom Schueler’s considerable experience 

including his work at the Metropolitan Washington Council of Governments (e.g., 

Schueler, 1987), numerous case studies of projects throughout the country, and 

recent innovative guidance for watershed and stormwater management prepared 

by the Center for Watershed Protection (Commonwealth of Virginia, 1999; State 

of New York, 2001) (see chapter 14). 



Sub-watershed 

Watershed 

River basin (or sub-basin) 

Figure 10.4 Nested Watersheds. Source: Adapted from Schueler (2000). 

Basic Concepts in Watershed Planning (after Schueler, 

1997, 2000) 

i 

2: 

3: 

. Employ eight WSM tools: land use planning, land conservation, 

£2 

8. 

The Tiered Approach: Nest your watersheds—think globally (basin), 

act locally (catchment). 

Classify your subwatershed. 

Take care of precious headwaters. 

aquatic buffers, cluster and low-impact site design, erosion and sedi- 

ment control, stormwater treatment, control of septic system and other 

discharges, and watershed stewardship and monitoring. 

. Focus on impervious cover in urban watersheds. 

. Make technical choices about mapping, modeling, monitoring, and 

management measures. 

Reach broad consensus among stakeholders. 

Focus on action: Implement your watershed plan. 

The tiered approach or watershed nesting relates to scale. Watersheds are 

defined by a point on a stream or river and include the land area draining to that 
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point. Chapter 13 describes a method to delineate watersheds. Watershed size can 
range from very large basins to very small catchments (see figure 10.4). Table 10.1 
describes the characteristics of each. As you move from larger basins to smaller 
catchments, the effect of impervious cover on watershed health increases and 

management measures converge from basinwide planning to on-site design and 

management practices. 

» Catchment: area that drains development sites to their first intersection 

with stream 

» Subwatershed: 1-10 square miles: second-order streams 

= Watershed: 10-100 square miles 

s Subbasin: 100-1000 square miles 

# Basin: 1000—10,000 square miles 

Watershed units in the United States are defined by hydrologic unit code 

(HUC) using a system developed by USGS. The hierarchy is described in table 

10.2, which shows. an example from South Carolina. HUCs are based on a 

classification system that divides the United States into progressively smaller 

hydrologic units. Each unit is identified by a unique HUC consisting of two to eight 

digits based on the four classification levels. NRCS and other agencies have fur- 

ther delineated fifth- and sixth-level watersheds in many states. HUCs for these 

additional watershed levels consist of 11 and 14 digits, respectively, and represent 

a scale from a few hundred down to tens of square miles. Fifth- and sixth-level 

HUCs are generally a good scale for watershed projects (U.S. EPA, 2000a). 

TABLE 10.1 Characteristics of Five Watershed Management Units 

Watershed Typical Area Influence of 

Management Unit (square miles) Impervious Cover Sample Management 

Catchment 0.05 to 0.50 Very strong Practices and site design 

Subwatershed 1 to 10 Strong Stream classification and management 

Watershed 10 to 100 Moderate Watershed-based zoning 

Subbasin 100 to 1,000 Weak Basin planning 

Basin 1,000 to 10,000 Very weak Basin planning 

TABLE 10.2 Example of Hydrologic Unit Codes (HUCs) from South Carolina 

Hydrologic Unit 

HU Level Hydrologic Unit Hydrologic Unit Name Area (mi?) HUC 
pases Aen se) ee eee Se ee Se 

1st Region South Atlantic Gulf — 03 

2nd Subregion Edisto-Santee 23,600 0305 

3rd Basin (Accounting Unit) Santee 15,300 030501 

4th Subbasin (Cataloging Unit) | Enoree ok 03050108 

5th Watershed Unnamed 82 03050108040 

6th Subwatershed Unnamed 41 03050108040010 
a nnn nnn UE EEE EEE 

Source: Bower, Lowery, Lowery, and Hurley, 1999. 
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Most effective watershed planning is guided by larger issues of the basin but 

focuses on smaller scale subwatersheds and catchments for action. Guidance, pol- 

icies, and financial and technical assistance may be basinwide, but specific plans 

and implementation occur in subwatersheds. The subwatershed is a critical 

scale for management: It is small enough to be within one or a few jurisdictions, 

there is a strong influence of land use and impervious surface, there are few com- 

pounding pollutant sources, it is small enough for monitoring and mapping at a 

workable yet detailed scale, and stakeholders have a close connection to the issues 

and are manageable in number. 

Watershed classification helps focus on planning objectives. ‘Table 10.3 gives 

eight categories of subwatersheds based on their condition, location, and beneficial 

use. “Sensitive,” “impacted,” and “nonsupporting” categories reflect the degree of 

impairment depending on habitat and water quality. “Restorable” are those impacted 

or nonsupporting streams that have a high potential for restoration. “Urban lakes” 

and “coastal-estuarine waters” indicate location and sensitivity. “Water supply reser- 

voir” and “aquifer protection” trigger a public health objective. 

Watershed and Ecosystem Assessment 

Scientific and technical assessment plays a critical role in EM and WSM. Sci- 

entific inventory and analysis are used to evaluate ecosystem/watershed condi- 

tions and problems, guide the choice of protection and restoration measures, and 

monitor progress in adaptive management. 

Assessment in EM depends on management objectives and can be complex. In 

recent years, we have gained considerable knowledge about ecosystem functions 

and dynamics from conservation biology and landscape ecology. We continue to 

improve our understanding of natural systems. However, we often need to make 

decisions about resources without perfect knowledge of the systems involved. The 

goal of adaptive management is to learn from these decisions by taking limited 

action and monitoring results. In most cases this is an appropriate means of man- 

aging resources and adding to our understanding of ecosystems. But in some cases 

it is a risky business if the action taken causes irreversible change to sensitive or 

endangered species before we have a chance to monitor the effects. 

Watershed assessment is normally more straightforward. The hydrologic and 

water quality systems are more predictable than ecological systems. However, eco- 
logical components of watershed assessment often encounter the same uncer- 
tainties as ecosystem assessment. Watershed assessment usually focuses on the 
stream channel, the riparian zone, and upland areas. In urban watersheds, special 

attention is given to impervious surface relationships and effects. 

Assessments should make good use of visual and mapping tools. Maps can show 
subwatershed and catchment boundaries; land use and land cover; ecosystem and 
watershed resources and conditions; and location of floodplains, stream buffers, 
wetlands, land conservation areas, stormwater practices, strategic monitoring sta- 
tions, and many other features. Geographic information systems (GIS) can inte- 
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TABLE 10.3 Categories of Subwatersheds 

Subwatershed Category Description 

Sensitive Stream Less than 10% impervious cover 

High habitat/water quality rating 

Impacted Stream 10% to 25% impervious cover 

Some decline in habitat and water quality 

Nonsupporting Stream Watershed has greater than 25% impervious cover 

Not a candidate for stream restoration 

Restorable Stream Classified as Impacted or nonsupporting 

High retrofit or stream restoration potential 

Urban Lake Subwatershed drains to a lake that is subject to degradation 

Water Supply Reservoir Reservoir managed to protect drinking water supply 

Coastal/Estuarine Waters Subwatershed drains to an estuary or near-shore ocean 

Aquifer Protection Surface water has a strong interaction with groundwater 

Groundwater is a primary source of potable water 

Source: Schueler (2000), 

grate existing maps and digital data, as well as remote sensing information like aer- 

ial photos and digital images, into assessment product maps (see chapter 11). 

The rapid-intermediate-advanced assessment approach is often applied to 

watershed and ecosystem studies. Rapid assessment relies primarily on existing 

information such as natural resource maps and past environmental reports. 

Although it is somewhat broad-based and qualitative, rapid assessment can reveal 

important insights about watershed functions and interactions. Some limited 

action may be taken based on the results of rapid assessment. 

In intermediate and advanced assessment, experienced analysts utilize more 

data collection, quantitative assessment tools, field surveys, and computer-based 

models to provide a higher level of certainty or confidence in the assessment 

results. This requires more time and resources than rapid assessment but is often 

necessary when rapid results are indeterminate. 

Subsequent chapters present a wide range of methods that are used in water- 

shed and ecosystem assessment. Rapid assessment relies primarily on existing 

information, much of which is available in local agency offices and on the Internet. 

EPA's EnviroMapper Storefront (http://www.epa.gov/enviro/enviromapper) and 

Fish and Wildlife Service’s Interactive wetland mapping tool (http://wetlands.fws. 

gove/mapper_tool.htm) are especially useful. For rapid watershed assessment, a 

first step is EPA’s Surf Your Watershed site (http://www.epa.gov/surf), which 

allows selection of watersheds down to HUC level 4 (subbasin). A wide range of 

information is available for these watersheds, including location of impaired 

waters from EPA’s database, locations of toxic releases and superfund sites, and 

registered stream restoration efforts. The interactive site allows users to add infor- 

mation to the database. There is a link to EPA’s Index of Watershed Indicators, 

which gives a wide array of water quality, ecological, and demographic data for the 

subbasin. Box 10.2 lists those indicators and also provides links to the EPA’s web- 

site describing them. 
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BOX 10.2—Index of Watershed Indicators (IWI) Developed by the EPA 

1. Population Served By Community Drinking 15. Surface Water Pollutants (12) 

Water Systems Violating Health-Based 16. Selected Coastal Surface Water Pollutants in 

Requirements (01) Shellfish (13) 

2. Population Served By Unfiltered Surface 17. Estuarine Eutrophication Conditions (14) 

Water Systems at Risk from Microbiological 18. Contaminated Sediments (15) 

Contamination (02) 19. Selected Point Source Loadings to Surface 

3. Population Served By Community Drinking Water (16a) 

Water Systems Exceeding Lead Action Lev- 20. Sources of Point Source Loadings Through 

els (03) Class V Wells to Ground Water (16b) 

4. Source Water Protection (04) 21. Nonpoint Source Sediment Loadings from 

5. Fish Consumption Advisories (05) Cropland (4) 

6. Shellfish Growing Water Classification (06) 22. Marine Debris (18) 

7. Biological Integrity (07) : : coe 
8. Species at Risk (08) Note: Each line above has.a link to an Internet 

_ description of each indicator. For first indicator go to 
ad | “ 9. Wetland Acreage (09) 

10. Drinking Water Supply (10a) 

11. Fish and Shellfish Consumption (10b) 

12. Recreation (10c) 

13. Aquatic Life Designated Use (10d) 

14. Ground Water Pollutants: Nitrate (11) 

www.epa.gov/iwi/help/indic/fs1.html; replace 

in URL with number given in parentheses above for 

other indicators. 

Integrating Compatible Programs and Solutions 

There is no “silver bullet” for protecting and restoring ecosystems and watersheds. 

A wide range of measures must be used to preserve existing values and improve 

degraded conditions. Watershed and ecosystem management measures include 

regulations, restoration projects, land acquisition, environmental monitoring, 

stewardship by land trusts and landowners, and education and research. Regula- 

tions on land use, polluting actions, and ecosystem-impacting practices take the 

form of permitting programs requiring compliance with rules or ordinances 

designed to protect lands, waters, and habitats. Although these regulations provide 

an important foundation for protective action, they are insufficient to achieve 

effective management. They may help to prevent further degradation, but 

improvement and restoration of watersheds and ecosystems often requires pro- 

active measures to acquire, restore, steward, and monitor natural resources. 

To accomplish this comprehensive array of measures, holistic ecosystem and 

watershed management must team with other programs with common and com- 
patible objectives. Perhaps not surprisingly, a range of programs designed to pro- 
vide economic and social benefits can also protect and enhance watersheds and 
ecosystems. These include programs to mitigate natural hazards, arrest soil ero- 
sion, preserve farmland, treat polluted runoff, protect drinking water sources, 
restore impaired/TMDL waters, manage forests, improve air quality, protect wet- 
land benefits, manage fisheries, provide recreation and open space, and enhance 

the quality of life in our communities. 
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Watershed and ecosystem management add ecological dimensions to these 
human-related objectives, but most are very compatible. Successful programs 
take advantage of the synergies provided by coordination and collaboration of 
diverse initiatives. Such programs enjoy a broader base of support, greater accept- 
ability, improved cost-effectiveness, and smoother implementation. 
Achieving this collaboration is easier said than done. Public interests, groups, 

and agencies are often fragmented in their objectives and programs. Competition 
for scarce resources (time, money, institutional capacity) often pits one against the 
other. Successful programs have realized the advantages of building partnerships 
and pooling social, political, and financial capital into comprehensive efforts of . 
common interest. Often this begins with appropriate institutional arrangements. 

Institutional Arrangements for Ecosystem and 
Watershed Management 

Ecosystem and watershed protection requires an integration of science, planning, 

policy, and politics. The nested or tiered approach (figure 10.1) applies not only to 

scientific understanding, but also to institutional and political organization. As we 

move from catchment to watershed to basin and from patch to matrix to ecosys- 

tem, the increasing geographic area captured crosses governmental jurisdictional 

boundaries. As we increase the number of jurisdictions, we complicate the institu- 

tional and political arrangements needed for effective management. Since water- 

sheds and ecosystems rarely conform to jurisdictional boundaries, WSM usually 

requires interjurisdictional collaboration. However, parochial interests, competi- 

tion, and past conflicts often inhibit meaningful cooperation among neighboring 

jurisdictions. 

In addition, WSM also must involve private landowners and the public, as well 

as governmental agencies in a collaborative partnership. Although some regula- 

tory land use controls are important, effective watershed protection depends on a 

range of voluntary measures, including land stewardship and watershed monitor- 

ing. Watershed associations and groups are critical players in WSM. 

These institutional issues are well recognized by research on the practice of 

ecosystem and watershed management (Schueler, 2000; U.S. EPA, 1997). From 

1999 to 2001, an interagency federal watershed protection team worked with local 

and state partners and watershed practitioners to assess the challenges to water- 

shed health, recent successes of the watershed approach, and remaining obsta- 

cles. The process engaged more than 1,000 participants at 20 regional roundtable 

discussions, culminating in the National Watershed Forum in the summer of 2001 

(Meridian Institute, 2001a, 2001b; U.S. EPA, 2001). 

The roundtables and Forum concluded that the watershed approach offers the 

best hope for protecting and restoring the nation’s waters. They gave much of the 

credit for successes to date to local leadership and engagement. “Citizens are lead- 

ing the drive to reverse impacts to watershed health” (U.S. EPA, 2001). 

The Forum also cited the importance of federal and state agencies for coordi- 

nating and supporting local watershed protection with financial and technical 
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TABLE 10.4 Institutional Arrangements at Different Watershed Scales 

Scale 

Region (subnational) 

Basin (multistate) 

Subbasin (state) 

Watershed (substate) 

Subwatershed (local) 

Catchment (site 

scale) 

Participants 

*Lead federal agency 

*Multiagency committee 

*Lead federal agency 

* Multistate advisory group with 

federal and state reps, 

interest-group reps 

* Committees, task forces, 

stakeholders groups 

*Lead state agency 

* Statewide advisory committee 

with state and regional and 

interest group representatives 

*Committees, task forces, 

stakeholders groups 

*Regional planning agency 

(e.g., COG, plan. district) 

*WS advisory committee of 

local governments, regional 

groups, other stakeholders 

*Watershed association (local 

government, landowners, 

interest groups) 

*Local watershed manager/ 

coordinator 

* Watershed association, 

Watershed coordinator 

*Landowners, developers, 

community groups 

Roles and Actions 

*Federal commitment to 

watershed approach 

*Interagency agreements 

* Funding, technical support 

*Multistate commitment 

*Basin plan 

* State/federal financial support 

* State statutory/administrative 

directive for WSM 

* Statewide watershed 

protection plan 

* Requires regulatory “teeth” 

*Technical and financial 

assistance to watershed/ 

subwatershed programs 

*Interjurisdictional plans and 

agreements 

* Guidance, technical and 

financial support 

*Where the action is! 

*Land use controls 

* Stream/riparian restoration 

* Action limited without 

direction, financial, technical 

support from above 

*Site development measures 

*Land stewardship 

* Stream/riparian restoration 

*Stream monitoring 

Examples 

*Federal unified policy 

*Regional teams 

* River basin commissions 

*Great Lakes Joint Comm. 

*Chesapeake Bay program 

* Oregon Plan for Salmon and 

Watersheds 

*Tilinois River 

* Chesapeake Bay acts in 

Maryland and Virginia 

* Cuyahoga River, OH 

~San Miguel River. CO 

* Anacostia Watershed, DC 

*Matapole River, CA 

*East Fork of Little River, VA 

*Bronx River, NY 

* Haskell Slough, WA 

‘ 

support. Specifically, the Forum provided a range of recommendations, dealing 

largely with institutional issues of education, partnerships, planning, funding 

assistance, and implementation. Although scientific and technical factors are crit- 

ically important in watershed and ecosystem management, these institutional 

issues continue to be the major challenges to effective protection and restoration. 

Institutional Models for Watershed Management 

Several organizational models for WSM and EM have emerged, but most involve a 
tiered approach and public-private-nonprofit partnerships. Although most man- 
agement actions occur at the local level, larger-scale watershed and ecosystem 
institutional frameworks provide guidance and resources to smaller-scale plan- 
ning and implementation efforts. Table 10.4 outlines participants and organiza- 
tional units, roles and actions, and examples of WSM programs at various scales 
from subnational regions to site-level catchments. 
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Actions and measures are implemented at the subwatershed and catchment 
scale, but studies have shown that these programs often have limited effectiveness 
without technical and financial support from the regional subwatershed or state 
levels (Holst, 1999). 

Research on local environmental planning has shown that key ingredients for 
successful community initiatives are a committed elected official who can advance 
the cause politically, a skillful planner who can generate and manage technical 

information, and an active constituency that contributes political support and 

local knowledge (Corbett and Hayden, 1981). This holds true for WSM as well. 

Support of elected officials is important to shepherd watershed protection regula- 

tions and funding. The “planner” is often played by the watershed manager. The 

constituency can be represented by the watershed association or stakeholders 

group, which not only provides political support but also monitors watershed con- 

ditions and implements restoration measures through voluntary action. 

The Watershed Group/Association 

A local watershed association often plays an important role for subwatershed and 

catchment planning and implementation. The association is usually composed prin- 

cipally of landowners in the subwatershed, but may also include government 

officials and interest groups. With landowner participation, the association can be 

instrumental in developing stewardship, monitoring, and other voluntary measures. 

In some cases, the group has legal authority, in some cases not. In either case, the 

association is well positioned to understand local problems and issues, to develop 

options to address them, and to implement these measures. At the subwatershed 

level, associations provide a mechanism for local governments and interest groups to 

gather watershed stakeholders to plan and implement protection and restoration. In 

the cases described in box 10.3 later in this chapter, the Bronx River Working Group 

and the Cuyahoga River Alliance are good examples of watershed associations. 

Some associations have legal standing. For example, Virginia law allows the 

establishment of a watershed improvement district (WID) if voters and landowners 

approve such a district by large majorities. The WID is made up of landowners and 

has the authority to tax its members to fund watershed improvements. The Bar- 

croft Reservoir WID in urban Fairfax County was established under this law in the 

1970s. The district has developed a tax-supported fund to pay for monitoring and 

BMP retrofits. While the district has maintained the lake, its capacity to improve 

the watershed has been limited to lakeshore and tributary activities rather than 

upstream measures in the heavily urbanized watershed. 

Most associations are voluntary groups. The East Fork (Little River) Watershed 

Association in Floyd County, Virginia, was established by local landowners with the 

help of the National Committee for the New River (NCNR) in the early 1990s. The 

agricultural watershed is made up of fiercely independent landowners—some 

long-term natives known for their taste for moonshine and some “urban refugees” 

who migrated from the northeast to enjoy a more communal life. While these 

groups are culturally very different, they both are distrustful of government, guard 

their property rights, and take pride in the fact that all water flows out of Floyd 

County. The perceived threat of government action on their impaired watershed 
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drew these diverse landowners together in a common cause. NCNR helped edu- 

cate this group about the watershed’s problems and convinced them that they 

should take action themselves before state agencies came in and told them what to 

do. This argument struck a chord, and the group succeeded in developing a plan, 

acquiring grant funds, monitoring watershed quality, and implementing livestock 

fencing and other measures to reduce runoff pollution. 

The Watershed Manager 

The watershed manager is usually a paid staffer of local government or a large 

watershed association who plays a lead role in planning and coordinating water- 

shed information, process, decisions, and implementation. The manager is usu- 

ally the keeper of information on watershed data and analysis and on potential pro- 

tection and restoration measures and costs. The manager will often coordinate the 

collaborative process, identifying stakeholders, setting up advisory committees, 

and organizing meetings. 

Stakeholder Involvement and Advisory Committees 

Stakeholder involvement is a critical part of watershed and ecosystem manage- 

ment. As discussed in chapter 4, stakeholders are those who effect change in the 

watershed and those who are affected by it. They include agencies, local govern- 

ments, landowners and developers, and environmental, agricultural, and other 

interest groups. Stakeholder groups are used at all levels of watershed manage- 

ment, from basin to watershed to catchment scale. 

Several approaches to stakeholder involvement were discussed in chapter 4. 

Stakeholder groups are organized as information task forces, working groups, or 

advisory committees. Representation on stakeholder groups varies with scale. At 

the basin level, committees are made up of representatives of federal and state 

agencies and national interests groups. At the watershed scale, stakeholder groups 

include state agency officials, local governments, and state or regional interest 

groups. At the subwatershed level, groups may be the same as watershed associa- 

tions, including landowners and community groups. 

Bauer (2001) and Keuhl (2001) each studied the collaborative process of stake- 

holder groups. Bauer showed that community-scale watershed groups are poten- 

tially more effective in learning and reaching consensus than basin-scale groups 

because they are closer to the problems and potential solutions. Keuhl (2001) 

investigated advisory committees in the Great Lakes Remedial Action Planning 
and found that the collaborative process led not only to consensus-building, but 
also to increased knowledge of water and watershed systems and improved under- 
standing of problems and solutions. 

Integrating Statewide and Local Watershed Programs 

The plethora of case studies of the practice of WSM and EM has demonstrated the 
importance of local action (U.S. EPA, 2001; Williams, Wood, and Dombeck, 1997). 
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However, successful local programs rarely act alone. They often depend on admin- 
istrative or statutory direction from above, guidance from basin and watershed 
plans produced at the state or regional level, technical assistance, and especially 
financial support from state and federal agencies. Likewise, statewide, basin, and 

watershed-level programs require not only local action but also consistent reporting 

and monitoring of local restoration and protection projects. 

“ A good example of integrating statewide and local programs is Oregon’s frame- 

work. The state-level Oregon Plan for Salmon and Watersheds, funding from the 

Oregon Watershed Enhancement Board, watershed level programs like the 

Willamette Restoration Initiative, and the 90 subwatershed councils around the 

state provide the institutional structure. The Watershed Restoration Reporting 

system provides consistent and timely feedback on local activities to the state so 

that progress can be effectively monitored. The Oregon framework is described in 

the next section. 

Other states, like Wisconsin, Minnesota, North Carolina, and Maryland, among 

others, have integrated the WPA into their water quality programs. All of these 

states provide technical and funding support for local subwatershed planning and 

implementation. These programs often build on established state programs and 

agencies, such as soil and water conservation districts in rural areas. However, 

local watershed groups are critical, especially in urban and suburban areas. 

Applications of Ecosystem and Watershed Management 

Thousands of experiments in watershed and ecosystem management have been 

developed over the past decade (Bauer and Randolph, 2000; U.S. EPA, 1997, 

2000b, 2002; Yaffee et al., 1996). Because they are experimental, there is a strong 

need to monitor and evaluate experiences to see what works and what doesn't. 

This section reviews some of these experiences. After a look at EM in the Forest 

Service, it reviews a few examples of community-based watershed management 

that show success depends on technical expertise, hard work, and elements of a 

social movement. The section concludes with a review of Oregon’s Plan for 

Salmon and Watersheds, among the more comprehensive ecosystem/watershed 

management efforts. 

Federal Agency Ecosystem Management 

The first section of this chapter described the evolution within federal land agen- 

cies toward an EM approach. The Forest Service, the Park Service, the Bureau of 

Land Management, and the Fish and Wildlife Service have all modified their plan- 

ning and management of public lands to incorporate emerging methods. This 

began with sustained yield and multiple use in the 1960s, NEPA requirements and 

environmental impact assessment in the 1970s, management planning in the 

1980s, and more collaborative and ecosystem management in the 1990s (Phillips 

and Randolph, 1998; Randolph, 1987). 



« Environmental Land Use Management 

In the summer of 1992, Forest Service chief Dale Robertson announced the 

agency’s intent to develop EM as “a strategic approach for sustaining desired con- 

ditions of ecosystem diversity, productivity, and resilience for the multiple uses and 

values of the national forests” (USDA, USFS, 1992; Salwasser, 1994). Although 

the Forest Service did not modify its planning and management regulations to 

reflect EM principles until 2000 (USDA, USFS, 2000), the agency began imple- 

menting EM principles in 1992. 

Phillips and Randolph (1998) reviewed Forest Service plans produced in the 

mid-1990s in comparison to plans for the same units in the 1980s to assess the 

extent to which their plans and practices reflected EM principles. For this 

research, they developed 11 evaluation questions based on an extensive review of 

the growing ecosystem literature. They involved native species populations, eco- 

logical processes, ecosystem health and diversity, different spatial and temporal 

scales, ecosystem boundaries, collaborative decision making, scientific research, 

adaptive management, education, and evaluation. 

Based on these questions, they conducted content analysis on mid-1980s and 

mid-1990s plans for George Washington, Francis Marion, and Texas National 

Forests. In all three cases, the mid-1990s plans addressed the EM criteria to a far 

greater extent than the mid-1980s plans. 

For example, the 1993 George Washington National Forest Plan was developed 

after the 1986 plan was mired in conflict. 

» The 1993 Plan was produced after a two-year collaborative planning pro- 

cess of diverse stakeholders (see chapter 4). 

= It called for a 42 percent reduction in area suitable for timber sales, and 

clear-cutting was reduced by 62 percent compared with the 1986 Plan 

(close to the Forest Service’s EM goal calling for a systemwide clear- 

cutting reduction of 70%). 

» Conversion from native hardwood to non-native softwood species was no 

longer deemed appropriate. 

» Riparian area practices called for “ecologically based width” buffers 

rather than no or standard width buffers in the 1986 Plan. 

» Lands designated for old-growth conditions and unfragmented habitat 

increased by 19 percent and 13 percent, respectively, over the 1986 

Plan. 

» The 1993 Plan maintained 90 percent of the forest in “natural state” 
under visual quality objectives compared with just 38 percent in the 1986 
Plan. 

The study concluded that the mid-1990s plans demonstrated a marked change 
in the use of EM principles. In addition, the 1990s plans were all less controversial 
and enjoyed much smoother adoption than their 1980s counterparts. A related 
study also showed that by incorporating EM principles, these plans reflected the 
goals and objectives of NEPA to a greater extent than did the previous plans 
(Phillips and Randolph, 2000). 
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Watershed Success Stories 

A number of collections of case studies are helpful guides to watershed manage- 
ment experience. Yaffee et al. (1996), Williams et al. (1997), Schueler and Hol- 
land (2000), and the U.S. EPA (1997, 2000b, 2001) chronicle community-based 
protection and restoration projects across the country. Box 10.3 gives four exam- 

ples of the 30 watershed success stories presented in the EPA (2000b). The cases 

are from across the country and range from urban to rural applications. The com- 

mon threads include local volunteerism and advocacy, planning and assessment, 

and government support. 

Oregon Plan for Salmon and Watersheds 

Perhaps one of the best examples of integrated WSM comes from Oregon. Faced 

with growing concerns over endangered salmon, the Pacific Northwest has tried to 

manage water and salmon while maintaining economic vitality. Twelve salmonoid 

species in Oregon have been listed under the federal ESA. In response, Oregon 

developed a comprehensive approach to restore the salmon species by restoring 

watersheds. The Oregon Plan for Salmon and Watersheds (OPSW) was developed 

in the mid-1990s and approved by the state legislature in 1997. In 1999, the gov- 

ernor expanded the scope of the plan to watershed health statewide. 

The OPSW has been more than a technical exercise to improve watersheds and 

recover salmon habitat and species numbers; it has become a high-stakes social 

movement: 

There is a lot at stake. More than just the future of salmon. The nature of 

Oregon is at stake. Our environment—from the salmon in the streams to the 

employment opportunities our children will have—depends on the many 

decisions we make today....Our task is to conduct our human business in 

Oregon, in a manner that is compatible with sustaining productive soils, 

clean drinking water, recreation, cultural values, and native salmon popula- 

tions. (OPSW, 2001) 

The inclusive tone of the movement is set in the following quote from the 2001 

status report on the Plan. 

Who Is Responsible for Healthy Watersheds? 

Ina world where people often look for simple solutions to complex problems, 

some people suggest that saving salmon is the responsibility of loggers, or 

farmers, or fishers, or the tribes, or the people who operate the dams, or the 

people who build houses, or the people who protect seals, and so-on, and so- 

forth. That suggestion is wrong. Saving salmon—trestoring healthy water- 

sheds—will require willing participation of all of us, neighbors in the greater 

Oregon watershed. Saving salmon must not be viewed as someone else’s 

responsibility—but as my responsibility. The reality is that many Oregonians 

are actively involved in the effort to sustain healthy watersheds, clean water, 

and native fish. (OPSW, 2001) 
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Bronx River, New York— Community Cooper- 

ation in Urban Watershed Restoration 

The 56.4-square-mile Bronx River Watershed forms 

New York City’s truly urban Bronx River that flows 

for 23 miles through the New York Botanical Gar- 

den, the Bronx Zoo, Soundview, Hunts Point, and 

other communities before emptying into the Long 

Island Sound. In the early 1800s, the Bronx River 

watershed had a magnificent oak forest and abun- 

dant wildlife, including beaver and trout. After 

nearly two centuries of degradation, the Bronx River 

Working Group was formed in 1997 to coordinate 

watershed restoration, education, and outreach 

efforts. 

Supported by an EPA Wetlands Protection grant 

and other sources, the continuously expanding 

alliance of over 50 community groups, nonprofits, 

and businesses and government agencies is accom- 

plishing significant watershed restoration and pro- 

tection. It is acquiring land, restoring river channel 

hydraulics, stabilizing eroding riverbank with native 

vegetation, reclaiming wetlands and floodplains, 

improving habitat, and increasing public access to 

the river. 

Many actions are underway, including a mile- 

long greenway project in the Soundview section 

of the watershed. A City of New York Department 

of Parks and Recreation initiative, the Adopt-The- 

River Program provides technical and financial 

assistance to community-based projects. In the fall 

of 1999 alone, 15 program community events 

focused on reopening riverside trails, removing 

debris from the river, restoring wildlife habitat, 

and developing waterfront access. 

Conasauga River, Georgia and Tennessee — 

Protecting Wildlife Habitat from Nonpoint Source 
Pollution 

The 91-mile Conasauga River is home to a 

remarkable diversity of species, including 25 that 

are considered rare. In 1999, the USDA Forest Ser- 

vice selected the watershed as one of 12 priority 

large watersheds, and the river has been identified 

as one of the most biologically important rivers in 

the southeast United States. The watershed is 

BOX 10.3—Four Watershed Management Success Stories (U.S. EPA, 2000b) 

. 

impacted by urban, forestry, and agricultural 

activities. Eighteen miles of the Conasauga River 

and 54 miles of tributaries are still in Georgia’s List 

of Impaired Waters for fecal, metal, toxic chemi- 

cal, sediment, and nutrient impacts. The 

Conasauga River watershed is classified as a Cate- 

gory 1 priority watershed in the state’s Unified 

Watershed Assessment. 

In 1994, the Limestone Valley Resource Con- 

servation and Development Council undertook an 

ecosystem-based study and organized meetings 

of local stakeholders. Three years later, the council 

founded the Conasauga River Alliance, a partner- 

ship made up of local citizens, conservation 

groups, and federal, state, and local agencies. The 

alliance is addressing the degradation of habitat 

and water quality caused by erosion, sedimenta- 

tion, excessive nutrients, and toxic chemicals in 

the watershed. The alliance has worked with 
landowners and agency representatives to sup- 

port enrollment of nearly 200 acres of riparian 

area in the USDA Conservation Reserve Program. 

The alliance has also placed over 25 miles of river- 

bank and streambank under some form of conser- 

vation management and planted 11,000 trees... 

Cuyahoga River, Ohio—Restoring an American 

Heritage River 

The Cuyahoga River drains 813 square miles and 

travels 100 miles from Geauga County through 

the Cuyahoga Valley National Recreation Area 

located between the urban and industrial centers 

of Akron and Cleveland, before emptying into 

Lake Erie. The river first caught on fire in 1936. In 

1969 a Cuyahoga River fire caught the attention 

of the nation, and the Cuyahoga became a 

“poster-child” for the environmental movement. 

After years of improvement, the Cuyahoga River 

was designated as 1 of 14 American Heritage 

Rivers in 1998, but pollution problems remain. 

The EPA classified portions of the watershed as 1 of 
43 Great Lakes Areas of Concern, warranting 

development of a remedial action plan (RAP). 

The Ohio Environmental Protection Agency 

formed the Cuyahoga River RAP Coordinating 

Continued > 
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BOX 10.3—(continued) 

Committee, consisting of 33 representatives from 

_local, regional, state and federal agencies, private 

corporations, and citizen and environmental orga- 

nizations. The mission of the RAP is to plan and 

promote the restoration and preservation of 

beneficial uses of the lower Cuyahoga River 

through remediation of existing conditions and 

prevention of further pollution and degradation. 

Watershed restoration efforts like river and 

stream cleanups and biological stream monitoring 

by volunteers are supported by focused activities 

based in-municipal and township units. The Big 

Creek Stream Stewardship Program involves 

locally based education and outreach activities, 

habitat improvement projects, data collection, 

and storm drain stenciling. 

Noticeable environmental improvements have 

already been recorded in the Cuyahoga River. 

Studies in 1998 and 1999 documented usage of 

the river as a navigation channel for Lake Erie fish 

migration, including steelhead trout. 

Haskell Slough, Washington —Excavation 

Resurrects Aquatic Habitat 

Haskell Slough, a system of streams and ponds 

connected to the Skyhomish River, is an important 

fish overwintering and rearing area for Puget 

Sound chinook, coho, steelhead, and chum. In the 

1930s, the system was diked upstream, and years 

of intermittent flooding and silt deposits isolated 

the system from the Skyhomish River. Land devel- 

opment, roadway construction, and agricultural 

runoff filled in the channels between the system’s 

ponds, and adult or juvenile salmon washed into 

the system could not escape. 

In 1996, the Haskell Slough Salmon Restoration 

Project was initiated as a cooperative effort of pri- 

vate landowners and a coalition of nonprofit orga- 

nizations, Native American tribes, and state and 

federal agencies. After two years of planning and 

design, the Salmon Habitat Restoration Project 

began in 1998. By 1999, a new channel was con- 

structed, and 3.5 miles of river bed was restored 

by excavating 7,000 feet of stream channels con- 

necting 11 existing large, groundwater-fed 

ponds. The excavation ensures year-round flow 

through the entire Haskell Slough. The project also 

installed rootwads, large woody debris, log weirs, 

and other structures to enhance the salmon- 

rearing habitat. Project participants monitor fish 

traps to track progress and the quantity of fish in 

the system. In 1999, after 50 years of limited or no 

production, about 10,000 coho salmon fry were 

counted swimming into the slough. Adult salmon 

have returned to the high water in the lower por- 

tion of the system. Within four years, several thou- 

sand adult coho will be produced by the system, 

as well as increased numbers of chinook, steel- 

head, and searun cutthroat. 

The core values of the Plan, shown in the following list, illustrate the deep- 

seated ethical basis for the plan: Seek the truth; respect people and nature; share, 

act voluntarily, build partnerships, and strengthen community; let rivers be rivers 

and untame our watersheds. These values appear to have captivated agencies, 

communities, and citizens and have resulted in considerable action in watershed 

protection and restoration. This is reflected in the expanding range and number of 

participants, the increasing funding provided, and the growing number of restora- 

tion projects and actions taken since 1995. 

Core Values of Oregon Plan for Salmon and Watersheds 

Seek truth, learn, and adapt. Our knowledge of the world is imperfect. 

Understanding and behavior must evolve over time. 

Be humble. Remember, Mother Nature does not answer to salmon or man. 

Both survive at her discretion. 
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Obey the law and live up to commitments. Honorable behavior earns trust. 

Get busy and earn it. 

Respect people, respect nature. The two are inseparable. 

Act voluntarily. Do one’s best each day. Miracles don’t spring from just try- 

ing to get by. 

Exercise patience. Salmon have survived here for thousands of years. Our 

work won't be complete in a month, a year, or a decade. Our challenge is 

to build a world where both salmon and people can flourish on a greater 

time scale than most people comprehend. 

Build partnerships, make friends, and strengthen community. No single 

person or organization has the power or understanding needed to keep 

the world safe for us all. We need each other. 

Strive to let rivers be rivers, and untame, a little, our watersheds. People 

have changed the land and changed the waters of the West in ways that 

do not respect salmon or people. We must undo some of these changes 

to maintain a world in which we can thrive. 

Share. Share information. Share the power to make decisions. Share the 

responsibility to act. 

Consider our children’s needs. They will inherit the world from us. 

Never give up hope. 

Principles of the Oregon Plan and Use of the Tiered Approach 

The basic principles of the OPSW include the elements of watershed and ecosys- 

tem management: 

=» Community-based Action: Local watershed councils, soil and water con- 

servation Districts (SWCD), landowners, and other grassroots players 

perform the key roles of preparing and implementing actions, as well as 

monitoring and improving them over time. 

= Governmental Coordination: State and federal laws, policies, and funding 

programs provide the context, goals, and support for the program; agen- 

cies provide the oversight and technical assistance for community-based 

action. 

« Monitoring and Accountability: Assessment of work and results is essen- 

tial to ensure effective use of funds, monitor progress toward program 

goals, and support adaptive learning. 

=» Adaptive Management: Program participants must learn from the experi- 
ence of local restoration efforts to enhance understanding of natural sys- 
tems and improve restoration measures. 

These basic principles illustrate the need for a tiered approach: while protection 
and restoration action is concentrated at the subwatershed and catchment (project) 
levels, that action must be informed and funded from the regional, basin, and water- 
shed levels by state and federal laws, policies, agencies, and programs. And 
accountability, shared experience, and adaptive learning requires monitoring, report- 
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ing, and information flow from the project level to agencies at the watershed and 
basin levels. The Oregon case provides an excellent example of this tiered approach. 

« At the regional level: The Oregon Plan is driven by federal law and man- 

dates in the ESA for listed salmon and other species. 

a At the basin level: The Northwest Power Planning Council (NPPC) sup- 

ports work to restore watersheds and salmon populations throughout the 

Columbia River Basin. In addition, the National Marine Fisheries Service 

(NMFS) allocates funds to the Northwest states for ESA recovery in the 

Columbia River and coastal watersheds. 

= At the state level: The Oregon Plan provides a statewide framework for 

implementing the federal requirements and enhances recovery of 

salmon habitat, water quality, and watershed integrity. Several state agen- 

cies, such as the departments of Fish and Wildlife, Agriculture, Forestry, 

Environmental Quality, and State Police (enforcement) play active roles 

in planning, data management, technical assistance, monitoring, and 

funding. The Oregon Watershed Restoration Board is the principal state 

funding agency for subwatershed and restoration project grants. 

_ «= At the watershed level: Watershed level plans guide subwatershed and 

project actions. In 1998, the citizen-based Willamette Restoration Initia- 

tive (WRI) was established and completed the Willamette Chapter of the 

Oregon Plan in 2001. The WRI strategy included 27 critical actions 

needed to protect and restore Oregon’s largest and most critical water- 

shed that is home to 70 percent of its population, 50 percent of its agricul- 

ture, and native runs of four species listed under the ESA. 

« At the subwatershed level: The number of local watershed councils grew 

from a handful in 1993 to 90 in 2001. Working in partnerships with 

SWCD, these councils provide the critical institutional layer to coordi- 

nate catchment projects, apply for funding, and report to state agencies. 

= At the catchment level: Here is where restoration projects occur. These 

are conducted by different parties, including state agencies, watershed 

councils, citizen groups, and landowners. Project reporting also origi- 

nates here, so that lessons and learning can be shared with others in the 

watershed and basin. 

Funding for Plan Implementation 

Successful restoration depends on adequate funding from federal and state 

sources. Federal sources include the NPPC restoration funding ($100 million per 

year for the entire Columbia Basin), NMFS ($9-15 million a year to Oregon for 

salmon ESA Recovery), federal land agencies, and EPA funds for water quality 

improvement. State legislatively approved biennial funding for watershed restora- 

tion increased from $0.5 million in 1987-1989 to $5.5 million in 1996-1997 to 

$32 million in 1999-2001. 

A critical step for state watershed restoration funding was the overwhelming 

voter passage of Ballot Measure 66, the so-called Salmon and Parks Measure, in 

« 271 
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1998. The referendum dedicated 15 percent of Oregon lottery receipts to conser- 

vation programs, half to parks and half to salmon and watershed programs. These 

funds, as well as NMFS recovery funds, are administered by the Oregon Water- 

shed Restoration Board (OWRB) for grants to local watershed restoration projects. 

In addition to state and federal sources, funding for watershed restoration comes 

from private industrial forest landowners, nonindustrial landowners, and citizen 

groups. Between 1995 and 2000 more than $100 million was spent on watershed 

restoration. 

Summary 

As we embark on the challenges of managing natural resources, lands, and waters 

in the new century, two related approaches have emerged as guiding paradigms: 

ecosystem management and watershed management. These approaches are still 

evolving, but already they show great promise from considerable experience at 

both the national and local level in the United States. International experience 

indicates that they have universal applications. 

Ecosystem and watershed management share several common principles. 

They are fundamentally scientific, aiming to base decisions on the best available 

technical data and information. They aim also to add to the body of knowledge 

about natural systems and solutions through experimentation, monitoring and 

evaluation, and adaptive management. The approaches integrate different scales 

of space and time. Ecosystem projects may be small in scale but should be viewed 

as part of larger landscapes. Watersheds are “nested”; catchment projects should 

be guided by plans for the larger basins that contain them. Plans are guided by his- 

tory, and have a long time horizon necessary to achieve a sustainable future. 

Ecosystem and watershed solutions should integrate a range of regulatory and 

nonregulatory methods into innovative packages that also address compatible 

objectives like natural hazard mitigation, recreation, water supply protection, and 

other economic benefits. The solutions aim to both protect and restore natural sys- 

tems. As such, management is a more encompassing term than protection. 

Finally, these approaches are collaborative, aiming to engage a wide range of 

participants and stakeholders not only in gathering information and viewpoints, 

but also in formulating decisions and implementing plans. The collaborative and 

adaptive nature of EM and WSM is perhaps their greatest quality, the characteris- 

tic that will sustain them well into the future. We have seen many examples of how 
WSM has become a social movement, engaging not only agencies, but also busi- 
nesses, landowners, citizen groups, and schoolchildren in planning, monitoring, 

and implementing restoration and protection projects. This will give these 
approaches their staying power as they develop social, intellectual, and political 
capital. In addition, their adaptive nature fosters change, improvement, and evo- 
lution as participants learn better ways to provide for the needs of people within 
functioning natural ecosystems. 
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Environmental Geospatial Data 
and Geographic Information 
Systems 

Environmental planning and management is an information-intensive field. The 

chapters that follow apply a wide range of geologic, hydrologic, and ecological infor- 

mation to understand and communicate conditions and options to inform planning 

decisions. 

Before exploring specific information and analytical methods, this chapter 

reviews the effective use and key sources of land-based or geospatial data. First, it 

reviews the role of information in environmental planning. The chapter then pres- 

ents basic data sources, maps, aerial photos, and satellite imagery, as well as their 

availability in digital form. These digital data and local environmental data are 

increasingly available on the Internet. The chapter then describes geographic infor- 

mation systems (GIS). GIS have emerged as effective and powerful tools to store, 

analyze, and visually present environmental data. It is important to ground truth or 

test the accuracy of information from maps, photos, and other secondary sources, 

and the role of field data and monitoring is described. Finally, the chapter discusses 

the use of environmental and community data indicators to monitor change and 

make sense of the magnitude of information. 

Role of Data and Information in Environmental Planning 
and Management 

Environmental planning involves the integration of scientific, engineering, and 

economic information with normative perceptions and values. This integration is 

a challenge because of the wide range of both quantitative and qualitative infor- 

mation. The planning process determines the type and specificity of information 

needed. As shown in box 2.1, Scoping (Step 0) identifies data needs and develops 
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TABLE 11.1 Tiered Approach to Information Gathering and Analysis 

Rapid 

Assessment 

Intermediate 

Assessment 

Advanced 

Level of Detail Information Sources Products 
EE EE 

General, coarse scale; Readily available information Hand-drawn working maps 

little analysis Available maps; secondary sources, Internet maps 

Internet sources Lists 

More specific data; Remote sensing images; Information matrices; 

more analysis detailed secondary data sources more detailed map displays 

Detailed, refined, targeted info; Primary data sources; local maps GIS product maps; 

detailed analysis Local knowledge; field surveys integration of data and analysis Assessment 

a work plan for collecting and analyzing data. Analysis (Step 2) focuses on infor- 

mation gathering and analysis, but this activity continues throughout the process. 

A Tiered Process 

Information gathering and assessment often follows a tiered process, first by look- 

ing at readily available and general information, followed by increasing levels of 

detail. Many processes start with a rapid assessment that takes a quick look at 

problems and available information and tries to move quickly to initial action (see, 

e.g., Sayre et al., 2000; TNC, 1999). Although moving to action quickly has many 

advantages, rapid assessment should also identify needs for more detailed analysis 

to follow. This is sometimes referred to as gap analysis, or the identification of 

data gaps in need of filling. Intermediate and advanced assessment involves 

increasing levels of detail, more analysis, and more sophisticated data Peetu 

This tiered approach is illustrated in table 11.1. 

Collection of basic data is the first step. This may include map or remotely 

sensed information on topography, soils, geology, and land use/land cover. More 

specific information on wetlands, habitats, and culturally significant areas 

acquired from field monitoring or citizens’ local knowledge can be part of this basic 

data collection. Performing derived studies aims to make sense of this data as the 

information is prioritized and interpreted. Specific data and mapped products 

depend on the management objectives. Assessing environmentally sensitive and 

critical areas requires information on land use, land ownership, development 

infrastructure, population growth, and other factors influencing land use change. 

Methods such as build-out and environmental impact assessment can clarify pos- 

sible future effects. The resulting mapped information can be used as a basis for 

land use planning and management. It also serves as a baseline for further studies. 

Considerations and Pitfalls in Use of Data and Information 

The proper use, accuracy, and documentation of land-related information 
depends on the consideration of a number of data issues. These should be consid- 
ered throughout the planning and analysis process, especially in the early stages. 
The issues include form, scale, accuracy, coverage, completeness, age, confiden- 
tiality, maintenance, paper trail to sources, communication, and appropriateness 

(Hirschman, Randolph, and Flynn, 1992). 
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1. Form: Are the data digital (e.g., latitudes and longitudes in a database), 

spatial (e.g., on a map), temporal (e.g., plotted on a graph with a time 

dimension), or a combination of these (figure 11.1)? Are data qualita- 

tive (e.g., groundwater moves rapidly) or quantitative (flow is 50 feet 

per day)? 

_-2. Scale: How large or small is the mapped representation of a given land 

area? If two maps are the same size, the large-scale map will represent 

less land than the small-scale map. Accordingly, the large-scale map is 

more detailed. This is important when overlaying maps of different 

scale (see figure 11.4). 

3. Accuracy: How well do the data or mapped locations of features reflect 

their actual existence or location on the land surface (or how much 

“slop” is there in the mapped representation)? For example, DRASTIC 

categories (see chapter 15) are accurate to 100 acres while soil map 

units in a soil survey (chapter 12) are commonly accurate to 2 acres. The 

various accuracies of different data sets become crucial when comparing 

or overlaying information. Note that there is a difference between accu- 

racy and precision. While accuracy is the degree of agreement between 

sample or map data and reality, precision is how well you can reproduce 

the data values that you measure, monitor, or map. 

4. Coverage: What states, counties, USGS quad sheets, and/or tax parcels 

are included in a data set? For example, detailed geology maps have 

been published for only one of the nine quadrangle maps covering 

Montgomery County, Virginia. 

5. Completeness: What percentage or number of a given feature is actu- 

ally presented in a data set? Not every incidence of an endangered 

species, sinkhole, cave, land use practice, or other feature in the real 

world is represented on a map or in a database. Likewise, factors such 

as water quality, slope, and soil permeability are based on a limited 

number of sample points. 

6. Age: How old are the data? The age of data is more important for fac- 

tors such as land use and tax parcel boundaries, which can change in 

short periods of time, than for factors like geology. 

7. Confidentiality: Should there be restrictions on the dissemination, use, 

and communication of certain data? This is an issue with data on 

endangered species, caves, and archaeological sites where widespread 

dissemination of the data may lead to adverse impacts to the resource. 

For example, agencies provide only general information about the loca- 

tion of endangered species to prevent poaching or habitat damage (fig- 

ure 11.2). 

8. Maintenance: What must be done to keep the data up-to-date or other- 

wise useful? If data are to be used in the planning process, they should 

be maintained as new data become available and existing data become 

obsolete. This is a particularly important consideration for data that are 

inherently changeable, such as tax parcel boundaries, or delineations 

that depend on federal and state policies, such as jurisdictional wetland 

boundaries or facilities with discharge permits. 
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: Digital or Tabular 
MONTGOMERY COUNTY SPRINGS 

NAME QUADRANGLE LATITUDE LONGITUDE 

Shelton Sprin Blacksburg 37.13.35 80.29.24 
H. Pianagen Spring Blacksburg 37.14:15 80.28.24 
Otey’s Spring Blacksburg 37.08.39 80.26.47 
Blue Spring Indian Valley 36.59.46 80.32.27 
Hale Spring Indian Valley 36.59.47 80.30.17 
Hambrick Spring Radford South 37.00.29 80.31.55 
Vaught Spring Bluefield 37.16.17 81.10.12 
Easter Creek Spring Radford South 37.00.59 80.30.30 
Little River Spring Riner 37.01.18 80.25.13 

Springs in 

Montgomery County 

Spatial 

Hydrograph for a Spring 

Temporal 

Discharge 

Figure 11.1 Different Forms of Data. Source: Hirschman, Randolph, and Flynn (1992). 

9. Paper Trail to Sources: Creating a paper trail to the sources of a data 

product involves documenting the source agency, original scale, age, and 

information pertaining to accuracy for each data source used in a data 

analysis process. This documentation is critical if data products are to be 

used or procedures followed by other agencies, or if accuracy problems 

are to be analyzed. Data sources vary in quality according to the function, 
reliability, and reputation of source agencies, organizations, or personnel. 
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Figure 11.2 The Exact Location of an Endangered Species Is Confidential. Map shows a 1- 
minute longitude-latitude block to give general location only. Source: Hirschman, Randolph, 
and Flynn (1992). 

10. Communication with the Public and Decision Makers: Is the data ina 

form that is understandable to laypeople, or does it require repackaging 

and interpretation for effective communication? 

11. Appropriateness: How relevant are the data to a program’s needs and 

applications? How can important qualitative data be used with quanti- 

tative data? What data and analytical methods will be most appropri- 

ate, accessible, and cost-effective for achieving program objectives? 

Geospatial Information 

There has been a revolution in the quality and availability of geospatial data, which, 

combined with GISs, have advanced the methods for land use and environmental 
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planning. Before discussing these systems, it is important to understand some fun- 

damentals of geospatial information. 

Topography describes the surface features of the land including terrain, rivers 

and lakes, environmental resources, roads, and other man-made structures. 

Therefore, topographic investigation is an important first step in land analysis. 

Like most land information, topography is best Bg oie in maps and remote 

sensing images like aerial photographs. 

Maps and Some Cartographic Fundamentals 

A map is a “masterpiece of false simplicity... (whose) secret meanings must be 

mulled upon, yet all the world is open to a glance” (Muehrcke and Muehrcke, 

1998). Less poetically, maps are graphic descriptions of the surface features of the 

land drawn to scale. Map scale is the relationship of distance on the map to dis- 

tance on the land. It can be represented as a graphical scale or as a fraction or 

ratio. For example, 1:24,000 means 1 inch on the map equals 24,000 inches or 

2,000 feet on the land. The smaller the ratio or fraction value, the smaller is the 

scale. The ratio value is smaller when the second number (the land distance) of 

the ratio is larger. Therefore, counterintuitively, the smaller the scale, the larger 

the area shown. Remember: smaller scale = larger.area; larger scale = smaller 

area. Only the graphical scale is accurate when the map is enlarged or reduced. 

Map Scale: 

Graphical: |------—-----------—-/-------—--—--—---/ 

0 1km 2 km 

Ratio: 1:24,000 

Equation: linch = 2,000 feet 

Figure 11.3 gives the map scales typically used in various planning studies, and 

figure 11.4 shows maps of four scales of the same area. The scales range from very 

large for project planning (e.g., 1:1,200 or 1 inch = 100 feet) to very small for state 

or regional planning (e:g., 1:1,000,000 or 1 inch = 16 miles). A map of larger scale 

shows a smaller area and usually more detail and accuracy. 

Maps are two-dimensional, which creates a challenge to accurately represent 

scale for locations on the round earth. Geographic spherical coordinate refer- 

Application Ratio Scale Equation Scale 
Project Planning, Planning Regulations.......... .| 1:600 1” = 50° 
Nelgnbormoods)s.ccscssser-.cosneusess eeiceessoeiees J l 1:1,200 1” = 100’ 
TOWNS oi cececesccahacuvseaeeces chosen oreroascensenerer ete I 1:2,400 4” = 200’ 
Small Citiee 2. h ee ee eee: .| 1:6,000 4” = 500’ 
Large CllOS , cscssccc- ss ansoussscasues eb eeeee eae 1:12,000 1” = 1,000’ 

: 1:24,000 1” = 2,000’ 
Courtiles...c.isi2.53iscbnoee. oo ee eee 1:62,500 1”=1 mile 
Metropolitan APGae |. 3.iuy scan cee creer te 1:125,000 "=2 miles 
ROQIORS: cccccccnstussccncthcescosstee tees 1:250,000 1”"=4 miles 
Stathehat anid Sack iliac dina ernie l 4:500,000 1” = 8 miles 
Small Nations... o.5.ccctebs dascesecssneceee rea ee 1:1,000,000 1” = 16 miles 

Figure 11.3 Scales of Maps Typically Used in Planning Studies 
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Large Scale 
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Scale=1:24,000 
-+> inch represents 2000 feet 
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Scale=1:100,000 

1inch represents 1.6 miles 
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S| > 
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Scale=1:250,000 
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1 inch represents about 4 miles See Fee 

Scale=1:3,900,000 

1 inch represents about 62 miles 

Small Scale 

Figure 11.4 Large-scale Maps Represent Less and Show More Detail. Source: Hirschman, 
Randolph, and Flynn (1992). 

encing uses longitude and latitude to accurately identify location. However, for 

flat maps representing scale in length, a grid coordinate system can identify loca- 

tion by x,y Cartesian planar coordinate system (see figure 11.5). The most used 

international plane grid system is the Universal Transverse Mercator (UTM) grid, 

which divides the earth into 60 longitudinal zones. A separate grid is made for each 

of the 60 zones. The method achieves an accuracy level of 1 part in 2,500 maxi- 

mum error (Muehrcke and Muehrcke, 1998). 
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Geographic 

Units: 
Latitude/Longitude 
(Degrees, Minutes, 
Seconds) 

Cartesian (Planar) 
Projection: 

Universal Transverse 
Mercator (UTM) 

Units: Meters 

Figure 11.5 Coordinate Systems: Geographic versus Cartesian (Planar). Source: Sayre et al. 

(2000). 

A topographic map is illustrated in figure 11.6. This standard USGS 1:24,000 

quadrangle map shows a variety of land features, including water and forested 

land, and man-made features like roads, railroads, buildings, and communities. 

Topographic map symbols representing these features are described at: http:// 

mac.usgs.gov/mac/isb/pubs/booklets/symbols/. 

The topographic map also shows the area’s vertical relief with elevation con- 

tour lines. These lines connect points on the land surface having the same ele- 

vation. The contour interval is the vertical distance between adjacent contour 

lines. The elevation above sea level is usually printed on every fifth contour line. 

The closer together the contour lines are, the steeper the terrain. The steepness or 

slope of the land is an important characteristic in determining its suitability for 

various uses and its susceptibility to erosion and landslides. A technique for mea- 

suring the slope of the terrain using elevation contour lines on a topographic map 

is described in chapter 12. These contour lines are also used to identify water 

drainage patterns; chapter 13 describes a method for using them to delineate 

drainage basin or watershed boundaries. 

Planimetric maps do not show elevation contours and are usually used for the- 

matic maps, which highlight specific information, such as geology or land use and 

land cover. Land use/land cover maps show vegetation type and how the land is 

used. Figure 11.7 gives examples of land use/land cover maps at 1:250,000 and 
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Figure 11.6 Portion of USGS 7.5-Minute Quadrangle Map for Blacksburg (VA) 

1;24,000 scales. The numbers on the map refer to a standard classification system 

developed for these maps. The following list gives the categories for Levels 1 and 2 

of the classification system. Level 1 has nine categories: urban or built-up land, 

agricultural, rangeland, forest, water areas, wetland, barren land, tundra, and 

perennial snow or ice. Each general class is subdivided into several detailed Level 2 

classes. 

USGS Level 1 and 2 Land Use and 

Land Cover Classification System 

LEVEL 1 LEVEL 2 

1 Urban/built-upland 11 Residential 

12 Commercial and services 

13 Industrial 

14 Transportation, utilities 

15 Industrial/comm. complexes 

16 Mixed urban or built-up land 

17 Other urban or built-up land 

2 Agricultural land 21 Cropland and pasture 

. 22 Orchards, vineyards, nurseries, ornamental 

horticultural areas 

23 Confined feeding operations 

24 Other agricultural land 

3 Rangeland 31 Herbaceous rangeland 

32 Shrub and brush rangeland 
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Figure 11.7 Land Use/Land Cover Maps: 1:250,000 (Level 2) and 1:24,000 (Level 3). Source: Anderson et al. (1976). 

4 Forestland 

5 Water 

6 Wetland 

7 Barren land 

33 

4] 

42 

43 

ol 

52 

53 

54 

61 

62 

fal 

(2 

13 

74 

75 

Mixed rangeland 

Deciduous forestland 

Evergreen forestland 

Mixed forestland 

Streams and canals 

Lakes | 

Reservoirs 

Bays and estuaries 

Forested wetland 

Nonforested wetland 

Dry salt flats 

Beaches 

Sandy areas other than beaches 

Bare exposed rock 

Strip mines, quarries, gravel pit 



Environmental Geospatial Data and Geographic Information Systems « 285 

76 Transitional areas 

77 Mixed barren land 

8 Tundra 81 Shrub and brush tundra 

82 Herbaceous tundra 

83 Bare ground tundra 

oe 84 Wet tundra 

85 Mixed tundra 

9 Perennial snow/ice 91 Perennial snowfields 

92 Glacier 

These land use/land cover maps are derived from aerial photos and satellite 

images. The 1992 series of land use/land cover data was based on Landsat data at 

the 1:100,000 and 1:250,000 scales. The series was updated in 2000 with Land- 

sat 7 data (http://cluc.gsfc.nasa.gov/ and http://edcwww.cr.usgs.gov/glis/hyper/ 

guide/1_250 _lulc). 

Large-scale maps (e.g., 1:600 to 1:12,000) are usually produced by local agen- 

cies. The U.S. Geological Survey (USGS) National Mapping Program (NMP) is 

the best source of intermediate and smaller scale (1:24,000 and smaller) topo- 

graphic maps in the United States. The agency produces maps at scales from 

1:24,000 to 1:1,000,000. The most useful USGS maps for community planning 

are the so-called 7.5-minute series, which show areas 7.5 minutes latitude by 7.5 

minutes longitude in size at a scale of 1:24,000 (1 inch = 2,000 feet). Figure 11.6 

is from this series. In addition, the USGS produces a 15-minute series (1:62,500), 

as well as maps at scales of 1:125,000, 1:250,000, 1:500,000, and 1:1,000,000 

(see figure 11.4 for examples). USGS also has completed land use-land cover 

maps for the entire United States at scales of 1:100,000 and 1:250,000. 

Box 11.1 gives the graphical map products available from USGS. More informa- 

tion on map products is available from the NMP (http://mapping.usgs.gov/esic/ 

index.html). The digital age is rapidly changing the production and access to maps. 

USGS has turned to map-on-demand (print-on-demand) in response to specific 

requests, replacing their traditional approach of printing and warehousing maps at 

the Rocky Mountain Mapping Center and hundreds of retail dealers. Finding and 

ordering maps online is provided by the USGS MapFinder website, which allows 

users to locate and order USGS by zip code or place name (see http://edcwww. 

cr.usgs.gov/Webglis/glisbin/finder_main.pl?dataset_name = MAPS_LARGE). Maps 

can be viewed online from USGS private partners (e.g., Microsoft’s TerraServer, 

http://terraserver.homeadvisor.msn.com/default.asp). 

Remote Sensing Information: Aerial Photos and Satellite Imagery 

Remote sensing is simply the observation or measurement of data from a dis- 

tance. Advances in remote sensing technologies in the last few decades have 

greatly improved our observation of the environment. Just as the first images of the 

earth from space raised global consciousness, digital photographic images and 

satellite data have raised our capabilities in monitoring, analyzing, and under- 

standing the earth’s processes and our impacts on them. Before looking at aerial 

photos and satellite data, we must address some fundamentals of remote sensing. 
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he production of digital cartographic data 

E and graphic maps comprises the largest 

component of the Survey’s NMP. Carto- 

graphic data are compiled from aerial photo- 

graphs, other remotely sensed images, historical 

records, legal documents, and direct field obser- 

vations and surveys and comply with standards of 

content, geometric accuracy, and presentation. 

Printed Maps 

Topographic Quadrangle Maps: The USGS’s 

BOX 11.1 — Graphical Map Products Available from USGS 

registered to planimetric or topographic 

base maps. This category includes land use 

and land cover and associated maps, and 

National Atlas maps. 
Other Format Maps: This category consists of 

maps in nonquadrangle format. These maps 

include a county map series, state base map 

series, U.S. base maps, a national park series, 

and outline maps of the world. Scales range 

from 1:960 to 1:80 million. 

Other Map Products: Other map products, 
most familiar product is the 1:24,000-scale 

topographic quadrangle map. This is the 

scale of data produced and depicts greater 

detail for a smaller area than intermediate- 

scale (1:50,000 and 1:100,000) and small- 

scale (1:250,000, 1:2,000,000 or smaller) 

products, which show selectively less detail 

for larger areas. 

Thematic Maps: Maps in which information 

on special subjects is geographically dis- 

played on planimetric base maps or overlays 

published to meet the special needs of fed- 

eral agencies, include National Imagery and 

Mapping Agency (NIMA) 15-minute topo- 

graphic maps, Antarctic map series, shaded 

relief topographic maps, satellite image 

maps, and U.S. border maps. 

For more information see http://mapping 

.usgs.gov/www/products/1 product.html and 

http://mapping.usgs.gov/www/products/ 

status.html. 

Some Remote Sensing Fundamentals 

Remote sensing technologies detect electromagnetic radiant energy reflected or 

emitted from objects and land surfaces. The characteristics of this radiation can 

be interpreted and analyzed to reveal practical information about those objects 

and surfaces. Figure 11.8 gives the electromagnetic spectrum, which shows a 

range of frequencies or wavelengths of the radiation from very short waves gamma 

rays and X-rays (<0.001 micrometers [microns]).to visible light (0.4-0.7 microns) 

to near infrared (0.7-0.9) to shortwave infrared (1.6-2.5) to thermal infrared 

(8-12) to microwaves and radio waves (>1000 microns). 

All objects emit radiation. In addition, emitted radiation from the sun (and from 

active remote sensing devices, like radar) reflects off surfaces and objects. The 

reflected radiation is determined by the characteristics of the object, that is, its 

color, orientation, and thermal properties. Figure 11.9 gives the “spectral signa- 
tures” of different objects or surfaces in the visible and near-infrared wavelengths. 
In the visible range the reflected radiation is a function of the object’s color, In the 
near-infrared range, it is a function of its temperature and thermal properties. 

Passive remote sensing devices, like photographic and video cameras and ther- 
mal and multispectral scanners, simply detect the radiation reflected and emitted by 
surface objects. Active sensors, like radar and sonar, emit their own waves to illumi- 
nate features of interest, then measure the reflected wavelengths that return. 

Photographic cameras use film emulsions that are sensitive to visible or 
infrared wavelengths and produce an image. Multispectral scanners, on the other 
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Figure 11.8 The Electromagnetic Spectrum and the Wavelength Range of Remote Sensing 
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Figure 11.9 Spectral Reflectance of Vegetation, Water, and Bare Soil. Source: Thomas Lillesand and Ralph Kiefer, 2004, 

Remote Sensing and Image Interpretation, 4th edition. New York: John Wiley and Sons. Used with permission of Thomas 
Lillesand. 

hand, actually measure radiation data separately in several spectral or wavelength 

bands. Having digital data in different wavelengths for the same object or surface 

permits more sophisticated computer analysis and interpretation. 

Aerial Photos 

Aerial photographs have long been a key source of topographic information. Aerial 

photos vary in scale, view angle, and spectral characteristics, all of which 

determine the type and usefulness of information they display. Most aerial photo- 

graphs show a vertical view angle. Oblique photos are those taken at an angle 

less than perpendicular to the surface; they are often used by planners for visual 

assessments. 

Scale depends on the elevation from which photos are taken and the lenses 

used. Only vertical photos are accurate in scale, and their accuracy depends on 

the elevation of the sensor. Vertical views taken from low to medium elevations are 

often distorted in scale toward the edges of the image. Objects at the edges are a 

greater distance from the sensor than are those at the center of the image and will 

appear relatively smaller than they are. 
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Photographic film can detect different wavelengths of electromagnetic radia- 

tion. Normal black-and-white and color film tries to replicate what we see and so is 

designed to be sensitive to visible wavelengths detected by the human eye. 

Infrared film senses slightly beyond the visible into the infrared range (see figure 

11.8). Satellite sensors (see next section) have multispectral scanners that mea- 

sure separately radiation data in several spectral bands. 

Analysts can interpret a great deal of topographic information from the charac- 

teristics of photo images based on the image’s texture, tone, the size and shape of 

objects, their site and association with other objects, and terrain. Terrain can be 

visualized from photographs by viewing them stereoscopically. Using a stereo- 

viewer, the observer focuses each eye on the same location in photo pairs, and a 

three-dimensional image emerges. 

Spectral factors can also aid in interpretation. Near-infrared photos provide 

several distinct contrasts: wet areas (lakes, streams, wetlands) are very dark, dry 

meadows and woodlands are light, and conifers are darker than deciduous trees. In 

color infrared photos, healthy deciduous trees and lawns appear red, while conifers 

are a darker purple. Thermal infrared images can detect surface temperatures. 

Microwave radar imagery differs from conventional photography in two 

ways. First, rather than a passive system sensing natural radiation, it uses an active 

sensing system, generating waves that bounce off objects on the land and are 

detected by the sensor. Second, it uses wavelengths well outside the visible spec- 

trum, enabling sensing of surface features not detectable from natural radiation. 

Side-looking airborne radar (SLAR) produces images resembling air photos with a 

low-angle sun and shadow effects. 

Aerial photos are used by planners for mapmaking, for identifying and inter- 

preting terrain features (Way, 1978), for environmental inventories and monitor- 

ing, and as a source of data and digital images for GISs. For example, the USGS 

has used vertical aerial photographs to produce and update its topographic maps 

since 1928. ) 

In the 1970s, USGS began producing orthophotoquads or nondistorted photo- 

maps at the scale of the 7.5-minute quadrangle series. Using a photomechanical 

process, the Survey is able to eliminate the scale distortion of vertical photographs; 

then, information from the 7.5-minute map can be superimposed onto the so- 

called orthophotograph, producing the photomap. From 1980 to 1987, the USGS 

National High-Altitude Aerial Photography (NHAP) program produced the images 

for orthophotoquads. In 1987 the program was renamed and reconfigured as the 

National Aerial Photography Program (NAPP). The program produces standard- 
ized photos taken from a constant altitude of 20,000 feet taken at the center of 

each quarter section of each 7.5-minute quadrangle. 

Each photo is 9” x 9” covering 5 square miles at a scale of 1:40,000. The photos 
are digitized and rectified to correct for distortion at the edges. For each location, 
new photos are produced every 5-7 years and serve as the main source for updates 
of USGS topographic maps. Since 1990 these photos have been taken in both 
black-and-white and color infrared. A color infrared digital orthophoto “quarter” 
quad (DOQQ) for Blacksburg, Virginia, is shown in figure 11.10. It shows one- 
quarter of the area of the Blacksburg quadrangle map. 



Figure 11.10 Color Infrared Digital Orthophoto Quarter Quad Photo for Blacksburg (VA) 



Environmental Land Use Principles and Planning Analysis 

Satellite Images and Data 

Satellite remote sensing has revolutionized environmental monitoring and data 

collection. It has two distinct advantages over traditional aerial photos: (1) using a 

multispectral scanner, it produces digital data in different wavelength bands for 

use in computer imaging and GIS; and (2) whereas aerial photos are a “snapshot 

in time,” satellites provide recurring data of the same location at frequent intervals 

(e.g., 16 days for Landsat 7, one day for Terra’s MODIS sensor), providing contin- 

ual monitoring. 

Satellite digital imagery measures the amount of radiation received from a spe- 

cific location on the ground. The images are produced as picture elements or “pix- 

els” of a given resolution grid-cell size. The finer the resolution, the more spatially 

detailed the resulting data. The Landsat 4 multispectral scanner (MSS) had a res- 

olution of about 80 meters square or 1.5 acres. The Thematic Mapper (TM) sen- 

sor on Landsat 5 (launched in 1984) improved this resolution to about 30 meters 

or 0.2 acres. Landsat 7 (launched in April 1999) has the Enhanced Thematic 

Mapper Plus (ETM+) which has the same resolution of the TM but adds a 

panchromatic band with a 15-meter resolution. The French SPOT satellite data 

has a resolution of 10 meters or 1,000 square feet in certain bands. For SPOT 

satellite images, see http://www.spot.com. a 

The Terra satellite was launched in December 1999 and it contains five state- 

of-the-art sensor systems. The most practical data to-date have come from the 

ASTER (advanced spaceborne thermal emission and reflection radiometer) sen- 

sor, which senses 14 spectral bands (4 in the visible and near infrared [VNIR], 

[0.52—0.86 microns], 6 in the shortwave infrared [1.6—2.4 microns], and 5 in the 

thermal infrared [8.1—11.6 microns]) at varying resolutions. At 15 meters in the 

VNIR range, ASTER provides four times the resolution of Landsat 7. The MODIS 

sensor, also aboard the Terra, provides near daily repeat coverage of the entire 

globe. New commercial satellites, such as Space Imaging’s IKONOS sensor 

launched in 2000, are producing even finer resolution in the 1-meter to 4-meter 

(10-160 sq. ft.) range for panchromatic images and 4-meter to 10-meter range for 

mulitspectral data. Further refinements are expected. 

For examples of some amazing images from Landsat 7, ASTER, MODIS, and 

other Terra sensors, see Landsat 7 Image browser (http://edclxs2.cr.usgs.gov/ 

L7ImgViewer.shtml), NASA's Visible Earth website (http://visibleearth.nasa.gov/) 

and USGS’s EROS Data Center’s Distributed Active Archive Center (DAAC) 

(http://edcaac.usgs.gov/dataproducts.html and http://edcaac.usgs.gov/samples). 

See also Space Imaging, Inc.’s website for images from the IKONOS sensor 
(www.spaceimaging.com). An example of use of satellite data in rapid ecological 

assessment is described in chapter 16 (see figure 16.7). 

The satellite sensors record values in different spectral wavelength bands for 
each pixel. The data can be entered into computer programs, and the digital val- 
ues for different bands can be retrieved individually or in combination for inter- 
pretation. Figure 11.11 shows how values from two bands can be interpreted to 
distinguish types of land cover. For example, areas with a Landsat band 7 value of 
30-40 and band 5 value of 20-25 are dense forests. Pixels having specific digital 
values or combinations of values can be assigned certain colors by the programs 
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Figure 11.11 Data from Two Spectral Bands Combine to Indicate Land Cover. Source: James B. 
Campbell, 1983, Mapping the Land: Aerial Imagery for Land Use Information. Used with 
permission of the Association of American Geographers. 

and can be displayed on a monitor and photographed or printed. Figure 11.12 

gives an image from the ASTER sensor on Terra. The real usefulness of these data 

is that they are in digital form and can be used in combination with other spatial 

information in geographic information systems. 

Aerial Photo and Satellite Image Availability 

Box 11.2 gives remote sensing products available through USGS. The EROS Data 

Center (EDC) (http://edewrw.cr.usgs.gov) is the main source for aerial photos and 

satellite images. EDC houses 8 million aerial photos dating back to the 1940s. 

NAPP has a user-friendly interface for searching, viewing, and ordering aerial 

photos called PhotoFinder, which, like MapFinder, allows users to search for 

and order aerial photos by zip code (http://edc.usgs.gov/Webglis/glisbin/ 

finder_main.pl?dataset_name=NAPP). USGS’s Earth Explorer (http://edcsns17 

.cr.usgs.gov/EarthExplorer/) data discovery and access tool (formerly the 

Global Land Information System [GLIS]) also provides online searching for spe- 

cific products. 

As they do for map products, USGS’s private partners (Microsoft’s TerraServer 

and MapMart) provide online services for searching, viewing, and ordering aerial 
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Figure 11.12 Washington, D.C., June 1, 2000, from the ASTER Sensor on Terra Satellite. This composite of three bands in 

visible and infrared range shows vegetation in red, water in dark greys and built-up areas in light blues. With 15-meter 
resolution, ASTER can see individual buildings. With revisit time of 4-16 days, ASTER can monitor changes on the earth’s 
surface. a 

photos (see http://mapping.usgs.gov/partners/viewonline.html and_http:// 

mapping.usgs.gov/esic/esic.html). TerraServer provides viewing of orthophoto- 

quads down to 1-meter resolution and downloading of jpg image files. Try it: 

http://terraserver.homeadvisor.msn.com/default.asp. 

Aerial photos of larger scale are available from other online vendors. For exam- 

ple, Vargis Eyemap (www.vargis.com) provides downloadable images down to 

1-foot resolution. Many local governments and other agencies produce their own 

aerial photos at the coverage and scale they need. Often these are made available 
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Aerial Photographs 

Aerial photographs archived and distributed by 

the USGS include the repository of multiagency 

National Aerial Photography Program (NAPP) 

photos at 1:40,000 Scale in color, infrared, or 
black and white; National High Altitude Aerial 

Photography Program (NHAP) photos at 1:58,000 
_ scale for color and infrared and 1:80,000 for black 

and white; and other aerial photos. 

Orthophotoquads: Orthophotoquads are 

_ distortion-free aerial photographs that are format- 

ted and printed as standard 7.5-minute, 1:24,000- 
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BOX 11.2—Remote Sensing Products Available from USGS 

from digital data collected by Land Satellite (Land- 

sat) and Systeme Probatoire d’Observation de la 
Terre (SPOT) sensors. Scales range from 1:24,000 

(Point Loma, Calif.) to 1:7,500,000 (conterminous 

48 states). 

Photo Products Derived from Airborne and 

Satellite Sensor Data: These include color and 

black-and-white photographic products gener- 
ated from advanced very high resolution radiome- 

ter (AVHRR), side-looking airborne radar (SLAR), 

land satellite (LANDSAT), and Systeme Probatoire 

d’Observation de la Terre (SPOT) imagery digital 

oz 
fw 

scale quadrangles (15-minute in Alaska) or as data. 
quarter quadrangles at a scale of 1:12,000. 

Satellite Images and Satellite-Derived Data 

Satellite Photographs: From NASA. 
Satellite Image Maps: Experimental multicol- 

ored or black-and-white image maps produced 

to the public and private firms for a fee. The Landsat 7 Image Viewer gives users 

an opportunity to view online worldwide Landsat images. Three clicks of the 

mouse zeroes you in from a world map to the Landsat image of your region. Try it 

out: http://glovis.usgs.gov/. 

NASA's EOS Data Gateway is a web-based query system that provides informa- 

tion on a variety of data sets, with documentation, image browsing, and ordering 

services (http://edcimswww.cr.usgs.gov/pub/imswelcome/). 

Environmental Monitoring with Remote Sensing and Future Prospects 

The increasing availability and quality of remote sensing data has resulted in 

greater application in environmental monitoring. Box 11.3 lists the variety of 

applications and data that can be derived from satellite and other sensors. In many 

places, such environmental data already exist at a larger scale and with more accu- 

racy than remotely sensed data can provide. But keep in mind that much of the 

world’s land is not even mapped at a practical scale, and satellite and other 

imagery provides the first look at this resource information. This is especially use- 

ful for rapid environmental assessment. Remote sensing also provides continual 

sensing at recurring intervals, which is essential to monitor environmental 

change. NAPP produces orthophotoquads and DOQQ at a 5- to 7-year interval. 

But satellite data from Landsat 7 has 16-day repeat coverage of the same location, 

and the MODIS sensor on the Terra satellite provides almost daily repeat cover- 
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BOX 11.3—Environmental Monitoring Applications of Remote Sensing 

Natural Hazards = Wildlife studies, habitat types, fragmentation 

= Disasterassessment » Resource exploration and inventories 

= Hazard monitoring: Soils 
Meteorological (storms, tornadoes, hurricane 

; = Soil color, roughness, temperature, moisture 
rainfall, flooding, snowfall, drought) 

Beach erosion Landform, Land Use, Crop Production 

Insect infestation (e.g., gypsy moth) » Landscape patches 

Disease and forest fires » Land use/land cover 

Water = Impervious surface 
= Urban heat island (e.g., Stone and Rodgers, 

= Hydrometeorology Si 
2001) ae 

a Urban sprawl (e.g., as measured by vegetation 

change or impervious surface 

= Watersheds 

= Floodplain mapping 
a Wetlands monitoring “ 5 

= Impervious surface (Source: Derived from Hart, 1999) 

= Ocean temperatures 

Ecology, Conservation, Resource 

Management 

= Vegetation and wetlands inventories ae, 

= Forestry (e.g., tree stand inventories, forest dis- 

ease and pest infestation) 

age, albeit at a smaller scale. For examples of satellite images depicting environ- 

mental change, see the Earthshots website (http://edcwww.cr.usgs.gov/earth 

shots/slow/tableofcontents). 

Figure 11.13 shows how satellite data can be used to monitor impervious sur- 

face. Developed by Andrew Smith from the Mid-Atlantic Regional Earth Science 

Applications Center (RESAC) at the University of Maryland, the image of the 

Washington-Baltimore ‘corridor shows highly concentrated impervious surfaces 

in red, moderate areas in blue, and low concentrations in green. It was developed 

with Landsat 7 data and data from the private 1-meter resolution IKONOS satel- 

lite sensor, operated by Space Imaging, Inc. From 450 miles up, the satellite col- 

lects space data images at the same resolution of DOQQ, but with far greater fre- 

quency than the 5- to 7-year return time of the DOQQ. 

Considering the improvements in technology and data availability over the past 

30 years, it is hard to imagine future possibilities. Further advances in spatial and 

spectral resolution are likely to create unforeseen applications. If we can “read a 

license plate from space,” as some are predicting, we can count wildlife, monitor 

land use change, “witness” real-time environmental change, and greatly enhance 
environmental assessment and forecasting. Applications will depend on data avail- 
ability and cost. Downloadable, perhaps “real-time,” data from the Internet to GIS 

is likely, but costs may increase as remote sensing moves from subsidized govern- 
ment programs to private, for-profit enterprises. 
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Figure 11.13 Extent of Impervious Surfaces in Washington, D.C., to Baltimore Region. Red areas have high concentrations of 
impervious surfaces, blue moderate concentrations and green low concentration. Source: Visible Earth (http://visibleearth. 
nasa.gov/cgi-bin/viewrecord?8152) Image produced by Andrew Smith, Mid-Atlantic RESAC, University of Maryland. Image 
courtesy Stu Snodgrass, NASA GSFC Scientific Visualization Studio, based on data from Landsat 7 and IKONOS. 

Digital Map and Remote Sensing Data 

The real revolution in spatial environmental data has come through the produc- 

tion and availability of geospatial digital data. Nearly all of the products discussed 

to this point are not only available in digital form but also downloadable from the 

Internet. The primary data include the following: 

» Digital Line Graphs (DLG): Vector files containing line data, such as 

roads and streams, digitized from USGS topographic maps. 

= TIGER files: Developed by the U.S. Census Bureau to support the 

1990 Census, TIGER line files were among the first digital vector data 

available to the public for the entire United States. The database includes 

roads, railroads, rivers, lakes, political boundaries, census boundaries, 

and other data, including location in longitude and latitude. 
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« Digital Raster Graphics (DRG): Scanned images of USGS topo- 

graphic maps. The image inside the map neatline is georeferenced to the 

earth’s surface. 

» Digital Elevation Models (DEM): Digital records of terrain elevations 

for ground positions at regularly spaced horizontal intervals. DEM’s are 

developed from stereo models or digital contour line files derived from 

USGS topographic quadrangle maps. 

» Land Use and Land Cover (LULC): LULC data are derived from the- 

matic overlays registered to 1:250,000-scale base maps and a limited 

number of 1:100,000-scale base maps. Associated maps display informa- 

tion in five data categories: (1) political units, (2) hydrologic units, 

(3) census county subdivisions, (4) federal land ownership, and (5) state 

land ownership. 

Digital Orthophoto Quarter Quads (DOQQ): These are digital 

images of aerial photographs. The DOQQ combines the image charac- 

teristics of a photograph with the geometric qualities of a map. The 

standard DOQQ produced by the USGS is a black-and-white or color- 

infrared 1-meter ground resolution quarter quadrangle (3.75-minute) 

image. 

Digital Satellite Data: Products include advanced very high resolution 

radiometer (AVHRR) images, Landsat Thematic Mapper (TM) and Multi- 

spectral Scanner (MSS) digital data; and Terra ASTER and MODIS 

sensor data. 

Several government Internet sites provide searching and ordering of these dig- 

ital data. EarthExplorer and the National Spatial Data Infrastructure provide a 

clearinghouse search form to search data servers around the world. Satellite data 

is available from USGS’s EROS Data Center’s DAAC (http://edcaac.usgs.gov/ 

dataproducts.html) and from the EOS Data Gateway (http://eorims.cr.usgs.gov/ 

imswelcome), NASA's web-based query system. The Earth Explorer website gives 

data availability display for any location. Images and data can be ordered online. 

You can also preview some of the available images online, like DOQQs. Give it a 

look: http://edcsns17.cr.usgs.gov/EarthExplorer/. 

High-resolution digital photos are available from private sources. VARGIS 

provides 1-foot resolution photos for use in GIS. It uses MrSID, a file compres- 

sion and expansion software developed by LizardTech, Inc., to compress 
very large digital files at 20-1 without loss of image detail. Using MrSID, one CD 
can hold images for all of Washington, D.C., at 1-foot resolution. See www. 

vargis.com. 

The digital form of data enhances accessibility and availability because it can be 
easily transferred via the Internet. However, the greatest benefit of digital geospa- 
tial data is that they are directly usable in GIS. GIS can manipulate and model the 
available data layers to generate product maps and visualizations for better under- 
standing of environmental systems and change and better-informed planning (see 
GIS section later in this chapter). 
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Community Environmental Planning Data on the Internet 

We live in the midst of an information revolution. Through the Internet, never 

before has so much data and information been so accessible to so many. Advances 

in software and hardware, the increasing electronic connectedness of the popu- 

lation, and government decisions to post all documents and data on the Internet 

have all contributed to this revolution. The hard part is making sense of it all, keep- 

ing pace with the rate of expansion, and ensuring the reliability of available infor- 

mation. An assumption here is that the most valid source of data is government 

sources; most private sources are reliable but should be subject to closer scrutiny. 

Box 11.4 summarizes several sources of such data available for viewing and down- 

loading from the Internet. One of the best sites is the USGS National Spatial Data 

Infrastructure Clearinghouse site. The USGS EarthExplorer site and the National 

Atlas Map Layers site are perhaps the best national sources of GIS data layers. 

Internet Mapping and Data Monitoring 

Software advances have brought interactive mapping to the Internet, allowing 

users to access environmental geospatial information they specify. Citizens now 

demand to do their own assessment of their local environment. Through new 

Internet software, citizens can access instantaneously local data in a form they 

request. In addition, interactive software allows agencies and groups to tap local 

knowledge and citizen monitoring via the Internet. ArcIMS (Internet mapping 

server) was developed by the Earth Science Research Institute (ESRI), Inc., to 

enable users to create a map service on the Internet. Several interactive mapping 

sites are available with a wealth of information. Although the results should always 

be reviewed for accuracy, they are useful for rapid assessment. 

EPA’s Enviromapper Storefront includes several community-level mapping links 

given in the following list. “Surf Your Watershed,” for example, has links to environ- 

mental data in the watershed and offers the opportunity for the user to add information 

to the database. Other local mapping websites include the Wetlands Mapper Tool of the 

U.S. Fish and Wildlife Service and National Atlas Make-a-Map. Most use ArcIMS. 

Internet Mapper Websites for Environmental Mapping 

EPA EnviroMapper: http://www.epa.gov/enviro/enviromapper 

Many states and local governments provide their own interactive mapping 

for use by their citizens; a good example is the Town of Blacksburg, Vir- 

ginia: http://arcims2.webgis.net/blacksburg/default.asp? 

EPA Window on My Environment: http://www.epa.gov/enviro/wme 

EPA Surf Your Watershed: http://www.epa.gov/surf 

EPA Brownfields: http://www.epa.gov/enviro/ 

EPA EnviroFacts: http://www.epa.gov/enviro/ 

EPA Superfund: http://www.epa.gov/enviro/ 

USFWS National Wetlands Mapper: 

http://wetlands.fws.gove/mapper_tool.htm 

National Atlas Make-a-Map: http://www.nationalatlas.gov 



Download Data Online 

USGS National Spatial Data Infrastructure Clear- 

inghouse: http://mapping.usgs.gov/nsdi/ 

USGS geographic data download: DEM, NED, 

DLG, LULC, NLCD, NHD: 

http://edcwww.cr.usgs.gov/doc/edchome/ 

ndcdb/ndcdb.html 

USGS EarthExplorer—view Landsat and DOQQ 

plus order Landsat, DOQQ, DEM, DRG, DLG, 

NAPP: http://edcsns1 7.cr.usgs.gov/ 

EarthExplorer/ 

USGS EROS Data Center: 

http://edcwww.cr.usgs.gov/ 

USGS Geodata Explorer (Geologic Division)— 

access, view, and download geospatial data- 

bases: http://geode.usgs.gov/ 

USGS State Land Cover Data: 

http://edcw2ks1 5.cr.usgs.gov/Iccp/nicd_db.asp 

National Atlas Map Layers: http://www. 

nationalatlas.gov 

EPA Land Use and Land Cover data is repackaged 

for easy download: http://www.epa.gov/ 

OWOW/watershed/andcover/onefile.html 

SSURGO provides county-based soils map at 

1:24,000: http://www.ftw.nrcs.usda.gov/ 

ssur_data.html 

ESRI site: Tigerline and Census data for down- 

load: http://www.esri.com/data/online/tiger/ 

data.html. 

GIS Data Depot—private site with many sources: 

http://www.gisdatadepot.com 

BOX 11.4—Internet Sites for Viewing and Downloading Geospatial Data 
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Data Viewing and Ordering Online 

Online maps and photos (USGS partners) 

(viewer): http://mapping.usgs.gov/ 

partners/viewon line.html 

Microsoft TerraServer (USGS partner) 

(view/download .jpg maps and photos): 

http://terraserver.homeadvisor.msn.com/ 

default.asp 

USGS Digital Backyard—describes topomaps, 

aerial photos, DRG, DOQQ: http://mapping. 

usgs.gov/digitalbackyard/.__ 

USGS PhotoFinder—locate, view, and order 

NAPP photos: http://edcwww.cr.usgs.gov/ 

Webglis/glisbin/finder_main.pl?dataset_ 

name=NAPP 

USGS MapFinder—locate and order USGS maps: 

http://edcwww.cr.usgs.gov/Webglis/glisbin/ 

finder_main.pl?dataset_name=MAPS_LARGE 

USGS Land Use/Land Cover, Urban Dynamics 

Time Series: http://landcover.usgs.gov/ 

urbanlandcover.htm| 

Counties Soil Source (one example): 

http://www.vgin.state.va.us/localgovt/ 

Wythe%20County.htm 

USGS Landsat 7 Browse Image Viewer: 

http://glovis.usgs.gov/ 

National Atlas Make-a-Map: http://www. 

nationalatlas.gov 

Geography network—collaborative system that 

connects data and services: http://www. 
geographynetwork.com 

In addition to interactive mapping data, a wide range of other data forms are 

available on government Internet sites. For example, real-time water flow and 

4-hour lag water quality data are available from USGS Water Watch 

(http://water.usgs.gov/waterwatch/) and EPA websites. Users identify monitoring 

locations on Internet maps. Other sites give biological data (http://www.nbii.gov/, 

http://www.gap.uidaho.edu/). 

Considering recent expansion of data available on the Internet, it is difficult to 
anticipate what the future will hold. Clearly the trends toward improved public 
access, visualization of data, downloadable data, and timeliness of data are likely to 
continue. One potential change is the greater use of interactive information entry 
by monitoring groups, neighborhood organizations, and the public. Although data 
reliability issues must be addressed, capacity for such interactive information 
sharing has significant potential for tapping local knowledge, assisting government 
agencies in gathering and posting data, and improving community involvement. 
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Geographic Information Systems 
a 

The power of digital data has been realized with advances in GIS. The GIS has 
emerged as one of the most widely used and fundamental computer systems for 
any application requiring spatial information. It has revolutionized the field of car- 
tographic analysis and mapmaking, rendering virtually obsolete the cartographic 

artisan with pen in hand. The advances have included: 

« Improvements in computer software: Improved analytical capabilities, 

graphic display, user-friendliness, and affordability have expanded GIS 

users in 10 short years from sophisticated experts to every local govern- 

ment to home users. 

= Improvements in computer hardware: From the 1970s to as recently as 

the early 1990s, GIS systems had to run on mainframe computers and 

produced blocky plotted maps that took considerable imagination to 

interpret. Improved software required improved hardware, including 

faster and larger-memory computers, higher-resolution monitors, and 

faster and higher-quality printers and plotters. As these hardware devices 

have become readily available, GIS moved from mainframe to desktop to 

laptop computers, and printed map products outpaced manual carto- 

graphic capabilities. At the same time, they became more affordable, 

attracting increasing numbers of users. 

= Improvements in spatial databases: As software and hardware improved, 

the limiting factor in the use of computer GIS systems was digital data. 

Spatial data were available from maps and aerial photos, but they were 

not in digital form. Digitizing these data manually was tedious and costly. 

As already discussed, the scope, resolution, and availability of digital spa- 

tial data have exploded in the past 10 years. Like hardware and software, 

the increased availability and affordability of data have enabled a wide 

range of users. Finally, increased availability and affordability of global 

positioning systems (GPS) have enhanced the gathering and monitoring 

of digital field data for use in GIS. 

Improvements in applications: Success begets success. More and new 

uses of GIS have illustrated the possibilities and led to additional applica- 

tions. These include new clients (e.g., the uses for commercial marketing 

are endless), new fields (e.g., bioinformatics), new dimensions (e.g., 3-D, 

fly-by, and fly-through projections), and new forms of product delivery 

(e.g., Internet mapping systems). 

Asa result of these advances, GIS has grown by 10 times from 1994 ($0.76 mil- 

lion) to a $7.7 billion industry in 2001. This figure includes $5.4 billion in GIS ser- 

vices, $1.1 billion in software sales, and $0.8 billion in related hardware sales. 

Earth Systems Research Institute (ESRI), Inc., makers of the Arc suite of prod- 

ucts, including ArcInfo, ArcView GIS, ArcIMS, and others, now dominates world- 

wide GIS software market with a 35 percent share. Intergraph, Inc., is a distant 

second at 13 percent (Daratech, 2002). 
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Figure 11.14 GIS Stores Data in Layers. Source: ESRI. Image reprinted courtesy of ESRI and 
used with permission. Copyright © ESRI. All rights reserved. 

Some Fundamentals of GIS 

AGIS is a set of interrelated computer technologies that achieve the entry, storage, 

processing, retrieval, and generation of spatial data (Carstensen, 1999). As dis- 

cussed, advances in software, hardware, data, and training have brought GIS from 

the domain of the geographic specialist to that of any computer user. GIS is used to 

make and update maps, integrate maps and other information from a variety of 

sources, analyze spatial information, and inform decisions about land use, natural 

resources, demographics, commercial markets, and innumerable other applica- 

tions with spatial dimensions. 

GIS is often characterized as four components: 
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Figure 11.15 Raster and Vector Data Formats. Source: ESRI. Image reprinted courtesy of ESRI 
and used with permission. Copyright © ESRI. All rights reserved. 

1. Hardware or the computer processing, memory, digitizing, and print- 

ing components 

2. Software for data management, input, and manipulation and geo- 

graphic query, analysis, and visualization 

3. Data from a variety of sources, including digitized maps, satellite 

imagery and data, geographic data in tabular form, field data with GPS 

coordinates, digitized aerial photographs, and others 

4. People to manage systems, design applications, and interpret results 

for a variety of purposes 

Data Layers and Formats 

As shown in figure 11.14, GIS stores spatial data in layers or themes. Each layer 

contains information “geocoded” in geographic coordinates indicating location. A 

variety of geographic coordinates can be used (e.g., longitude/latitude, address, 

census block, Cartesian grids from map projections). All layers must be repre- 

sented by the same coordinate system so that they can be combined and manipu- 

lated to generate new spatial data products. 

By linking information to geographic coordinates, a GIS user can access infor- 

mation for any location (what are the soils on my building site?) as well as locate 

specific information (where are the wetlands in my community?). 
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Three types of geographic information are represented in GIS: points (e.g., build- 

ings); lines (e.g., roads and streams); and polygons (e.g., soils and wetlands). GIS 

works with two formats to store and manipulate this information (see figure 11.15). 

Vector format stores point, line, and polygon boundaries in x-y coordinates. 

The vector format describes discrete features, like points and lines, very well, 

and produces very good maps. However, it is not as useful in describing continu- 

ously varying features like soils, or performing overlay analyses. Raster format is 

based on a grid model providing continuous data for each point or grid cell. Raster 

format is especially useful for overlay analysis since each data layer has the same 

grid system and layers can combine information for each grid cell. However, sys- 

tems with large grid cells (limited resolution) will show discrete data in a crude 

“blocky” appearance. Finer resolution is more accurate but requires more data 

storage. Most GIS systems now accommodate both vector and raster formats, pro- 

viding the benefits of both. 

Operations and Analysis in GIS 

At least seven potential tasks or processes are involved in GIS systems: data input, 

manipulation, management, query, analysis, visualization, and serving (ESRI, 

2002). Data input used to require digitizing paper maps, but recent advances by 

data suppliers make most available data GIS-compatible and allow direct loading 

into a GIS. Improvements in global positioning systems (GPSs) and related soft- 

ware have enabled automated data input of field data into GIS (see chapter 13). 

All geographic data are not in the same scale or format, so data manipulation 

is required to provide compatibility so that data can be overlain and integrated. 

Manipulation includes projection changes, data aggregation, filtering, scaling, and 

stretching. Data management includes storage, organization, and access in a 

database management system in which data are stored in a collection of tables. 

Common fields are used to link the different tables together (ESRI, 2002). 

GIS operations use queries and spatial analysis. Queries simply ask questions 

that can be answered by using or combining information from different data lay- 

ers. For example, “what is the-dominant soil in.a county’s existing agricultural 

zones?” Answering this query requires use of the soils layer and the county zoning 

layer. A query used in the example in the next section is “what is the value of prop- 

erty impacted by a 50-foot buffer creek overlay district in Blacksburg in its Rural 

Residential zone?” This requires layers on streams, zoning, property parcel 

boundaries, and parcel value. 

More sophisticated spatial analysis can assess patterns and trends, perform 

scenario development, incorporate statistical analysis, and develop spatial models. 
Two important examples of spatial analytical tools are proximity analysis and over- 
lay analysis. Proximity analysis takes advantage of the horizontal spatial scale of 
GIS layers and measures data within a specified distance from a point, line, or 
polygon boundary. The example query in the previous paragraph requires proxim- 
ity analysis to identify the stream buffer area. Proximity analysis can determine 
the population (potential customers) located within a mile of a store, the number 
of septic systems located within 200 yards of a lake, the boundary of a 100-yard 
buffer around wetlands, and so on. 
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Figure 11.16 Overlay Analysis ls Used to Combine Date Layers to Produce Composite Maps That Are Then Added as 
New Layers in Database. Source: after Tomlin (1983). 

Overlay analysis integrates different data layers to provide composite maps. 

Figure 11.16a shows how raster data layers on foundation soils, utility availability, 

and wetland impacts can be rated and combined to produce a new composite layer 

on residential suitability (for more on land suitability analysis, see chapter 18). Fig- 

ure 11.16b illustrates how overlay operations are used to produce output overlays 

that become part of the stored database. 

Additional GIS analytical capabilities include, among others, the following: 

spatial statistical analysis (e.g., what is the average property value in a 

land preservation zone?); 

network analysis and routing (e.g., what is the most efficient route from 

point A to point B?); 

= computer-assisted design (CAD) (drawing capabilities and 3-D models); 

= land information systems (combined mapping and database capabilities 

for parcels, including location, size, and land records); 

multimedia, hypertext, and hot links (use of sound, photos, video, links to 

text and other media); and 

= simulation and spatial modeling (e.g., how would build out according to 

current zoning affect traffic congestion and runoff pollution loading in an 

undeveloped area?) (O’Looney, 2000). 

An important GIS task is visualization. Mapmaking capabilities of GIS have 

enhanced the production of visual representations of land use, environmental 
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3D-Elevation 

Figure 11.17 GIS Product Map Composite, 3-D Elevation View of Machopongo Watershed, Northampton County, 
Virginia. Source: Produced by Catherine Xu, Virginia Tech. Used by permission. 

resources, land use change, and land use opportunities. Because of the visualiza- 

tion capabilities, GIS has become a useful tool in public communication. In fact, 

an entire subfield of GIS, PPGIS, is dedicated to the use of GIS in public partici- 

pation. Visualization is enhanced by software that produces three-dimensional 

images using digital elevation data, as well as by the integration of digital aerial 

photographs, especially DOQQs. Figure 11.17 shows a 3-D projection composite 

map of the Machopongo watershed on the eastern shore of Virginia. It is an over- 
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lay composite of different layers: water, roads, topography, wetlands, and soils, as 
well as USGS digital elevation model (DEM) data. 

Data and map serving has become an important GIS task both for accessing 

and delivering spatial data and for interactive mapping on the Internet. Earlier 

sections of this chapter discussed the many Internet sources of digital spatial data 

available for downloading. ESRI’s ArcIMS (Internet Mapping Server) software 

has been used to serve interactive mapping capabilities for many environmental 

and land use applications. Users can choose locations and map layers they want in 

order to produce their own custom maps. 

Performing GIS Operations 

It is beyond the scope of this chapter to instruct the reader on how to use GIS soft- 

ware. Keep in mind, however, that GIS is just another software that has become 

easier and easier to use. Like spreadsheet and word-processing software, one can 

learn GIS by doing it. 

There are a number of online tutorials and step-by-step applications that are 

very useful to get into the software and learn the tricks of the trade. Some of my 

students and I have developed some useful practice assignments and tutorials to 

help other students get started (see http://www.uap.vt.edu/classes/4374/ 

Tutorial/tutsite/lesonweb/index.html for tutorial on ArcGIS 8.1 and http://www. 

uap.vt.edu/classes/uap4374/question.html for a practice question on ArcView 

3.2). ESRI has a “virtual campus” with a large number of online tutorials on use of 

their full range of software as well as specific applications including agriculture, 

census, conservation, earth science, forestry, health, and hydrology, among others 

(http://campus.esri.com). 

GIS Applications in Environmental Land Use Planning 

The potential applications of GIS are endless, considering the systems can assist 

analysis and management of any spatial data. O’Looney (2000) and Greene 

(2000) identify a wide range of uses in public policy and government decision 

making, including economic development, housing, public works, transportation, 

law enforcement, human services, and public health, in addition to land use plan- 

ning, environmental inventories and monitoring, emergency management, and 

citizen participation. A good source on different applications is the annual ESRI 

Map Book, which illustrates the state of the art of applications (http://www.esri. 

com/mapmuseum/index.html.) 

This book shows a plethora of GIS products developed for environmental land 

use planning and management. In addition to this chapter, the following examples 

in other chapters illustrate the range of applications: 

Chapter 4: Collaborative design, Green maps 

Chapter 5: Greenway/green infrastructure planning 

Chapter 6: Smart development design, participatory design 

Chapter 7: Comprehensive planning and growth management 
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Chapter 8: Regional plans, state smart growth plans 

Chapter 9: Seismic hazards 

Chapter 10: TNC ecoregional planning, EPA’s Surf Your Watershed 

Chapter 12: Soils suitability mapping, slope mapping 

Chapter 13: Impaired waters, digital field monitoring 

Chapter 15: DRASTIC maps, wellhead protection areas 

Chapter 16: Forest health, canopy cover, regional ecosystem analysis using 

CITYgreen, rapid ecological assessment 

Chapter 17: Habitat inventories, corridor/patch mapping, habitat conserva- 

tion planning 

Chapter 18: Environmental inventories, land suitability analysis, EIA, 

build-out analysis 

An Example in ArcView GIS 8.1: Land Values and Stream Buffers 

It is useful here to at least introduce GIS software and its operations through the 

use of an example. Figure 11.18 gives the window for ArcMap, part of ESRI’s 

ArcView GIS 8.1, a version of its basic GIS software introduced in 2000. The win- 

dow shows a view of a map of Blacksburg, Virginia, already loaded into the software 

from five different shape (.shp) vector data files forming five different layers or 

themes. They include boundaries for census blocks, streams, town corporate lim- 

its, zoning districts, and land parcels. In addition, a table on the assessed value of 

each parcel was downloaded as a database file (.dbf). In figure 11.18, only the 

“streams” and “zoning” layers are turned on (the box next to the layer title is 

checked). Additional loaded layers can be viewed by simply checking the box. The 

vertical toolbar between the legend and the map view gives a number of com- 

mands to zoom in and out, scan, find, and identify map features. Colors, line 

widths, and other graphical variations of layer data can be easily modified to show 

desired effects. 

This example uses these data layers to perform a query about the effect of a 

proposed creek buffer overlay zone on development and property values (for a 

description of toolbar commands and the completion of this query exercise, see 

http://www.uap.vt.edu/classes/4374/Tutorial/tutsite/lesonweb/index.html) 

Visualization: Cameron/Holmes Run Watershed Characterization 

GIS not only provides analytical capabilities but also helps bring data to life 
through visualization. A picture (or map) is worth a thousand words, and the capa- 
bility of GIS to integrate colored maps, aerial and ground level photos, 3-D per- 
spectives, and graphical data has made GIS extremely useful for environmental 
inventories, scenario development, and public participation. Three examples 
illustrate these capabilities. The first is a watershed characterization, the second is 
a landscape targeting study, and the third is a citizen-based watershed planning 
effort. 

Figure 11.19 displays some product maps of a watershed characterization study 
conducted in northern Virginia (Bryant, Smith, Randolph, and Jeong, 2002). The 
Holmes Run study was done as part of a pilot project funded by USGS on urban 
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Figure 11.18 ArcGIS 8.1 ArcMap Window 

biodiversity as part of its National Biological Information Infrastructure (NBII) 

program. Using a large number of data layers from federal and local agency 

sources, the study focused on land use that affected upland, riparian, and aquatic 

habitat in this heavily urbanized watershed. 

Figure 11.19 shows some of the many GIS product maps, including land cover 

(A), land use (B), impervious surfaces (C), and protected lands (D and E). Pro- 

tected lands include parklands, and stream corridors designated resource protec- 

tion areas (RPAs) under Virginia’s Chesapeake Bay Preservation Act. The study 

showed that even in a highly urbanized watershed such as this, remnant habitats 

exist, although they are limited. These remnants provide a foundation on which to 

extend and connect additional habitat elements. 

Targeting Conservation Areas: The Nature Conservancy's 

Conservation by Design 

The Nature Conservancy uses GIS to identify areas for potential acquisition and 

protection. After prioritizing areas based on broad ecoregional planning (see chap- 
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Figure 11.19 Product Maps of Cameron/Holmes Run Biodiversity Study. Source: Bryant et al. (2003). 
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Figure 11.19 (continued) 

ter 10), TNC aims to target specific parcels that it can patch together by acquisi- 

tion or other means to protect functional ecosystems. Using GIS data layers on 

land use/land cover, parcels and ownership, and roads, TNC can identify blocks of 

unroaded natural areas that serve as functional landscapes. Figure 11.20 shows a 

GIS product inventory map produced that shows such roadless, forested blocks 

greater than 15,000 acres. 

Public Participation GIS: Chattooga River Watershed Plan 

In the early 1990s, grassroots environmental groups interested in the protection of 

the Chattooga River watershed, the headwaters of the Savannah River that 

encompasses portions of three states and three national forests, formed the Chat- 

tooga River Watershed Coalition, later renamed the Chattooga Conservancy. The 

coalition proposed to the Forest Service that the watershed’s national forests 

should be managed as a coherent ecological unit rather than by political or forest 

boundaries. The Coalition teamed with Clemson University planners to use GIS to 

develop a plan focused on reestablishing large, continuous blocks of interior old 

growth forest and maintaining the diversity of forest types. 

The project aimed to transfer data and expertise to the Coalition, have it 

develop in-house capabilities, and provide lessons transferable to other citizen and 

environmental groups. The Forest Service facilitated the process by providing 

their well-developed electronic database to the project. 
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Figure 11.20 Large Forested Blocks Are Prime Candidates for Protection. Source: John Prince, 
The Nature Conservancy, 2000. Used with permission. 

The process involved considerable data analysis and produced plan alternatives 

that were evaluated. A draft plan was completed in 1995, and a final plan was pro- 

duced in large poster form in 1996 (see figure 11.21). Analyzed data and the final 

plan maps were transferred electronically to the national forests in the three states 

for their use as alternatives in development of their forest management plans 

(Chattooga Conservancy, 1996; Randolph and Zahm, 1998). 

The GIS project was a critical part of the plan development and the attention it 

received both by the public and the Forest Service. Through data analysis and visu- 

alization, the GIS enabled this grassroots group to develop and present a profes- 

sional plan that was considered a base element of the Forest Service planning 

effort. 

The Power and Pitfalls of GIS 

Geographic information systems have emerged as one of the most useful tools in 
environmental land planning, indeed in all applications that have a spatial dimen- 
sion. As a result the technology has grown by a factor of ten from 1994 to a $7.7 billion 
industry in 2001. Advances in software, hardware, data availability, and user training 
have been accompanied by ever-increasing applications. 
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Figure 11.21 Chattooga Watershed Conservation Plan. Source: Chattooga Conservancy. 
http://www.chattoogariver.org/. Used with permission. 

In environmental land planning, GIS facilitates land inventories, land analysis, 

visioning and scenario building, visualization and presentation, and participation. 

The ease of producing maps has enabled more analysis, alternatives, planning sce- 

narios—more ideas and possibilities—than previously possible. As GIS has 

become more affordable and accessible, it has moved from the domain of the 

expert to that of any computer user. Community and environmental groups are 

now using GIS to produce their own plans that rival the sophistication of agencies 

and consultants but that incorporate their own values. 

Although this penetration of the technology has largely been a good thing, it has 

also raised concerns, as people who have little or no cartographic knowledge are 

becoming mapmakers. Kent and Klosterman (2000) identified common mistakes 

made by GIS users that reduce the effectiveness of their products. Some of these 

were discussed at the beginning of the chapter. These pitfalls include: 

« Failing to understand the purpose of the map 

» Trying to improve accuracy by “zooming in” 
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» Neglecting map projections and coordinate systems 

» Failing to evaluate and document map sources 

= Not including necessary map elements, such as title, scale, or legend 

» Presenting too much information 

» Misrepresenting quantitative and qualitative data 

Kent and Klosterman (2000) suggest that planners and other mapmakers test 

their products by showing them to others outside of their expertise to see if they 

communicate desired information effectively. 

Environmental Field Data 

As we have seen, environmental data and information are increasingly available 

from government and other sources. For local environmental planning, these 

sources are very useful, especially for “rapid assessment,” but they do not replace 

local knowledge and field observation and monitoring of environmental condi- 

tions. It is often important to address some of the secondary data issues discussed 

earlier. Field studies can move the level of analysis beyond rapid assessment to 

intermediate and advanced assessment (table 11.1). They complement govern- 

ment monitoring and remote sensing data in three ways: 

1. Field studies verify or “ground truth” secondary sources of information. 

2. Field studies “fill in the blanks” of information not available from sec- 

ondary sources. 

3. Field studies tap “local knowledge” and field monitoring of groups, 

landowners, and residents who often know more about their local envi- 

ronment than government sources. 

Many secondary sources of information are often not provided at sufficient accu- 

racy or currency for specific applications. Field studies can check specific location, 

measurements, and changing conditions that may not be reflected in secondary data. 

Secondary sources are often limited in scale or do not focus on the location or 

data needed for a specific planning application. Government stream water quality 

monitoring stations, for example, are located several miles apart on rivers and not 

available at all on many tributaries. They may not monitor the water contaminants 

that are needed for a planning study. Field monitoring can complement secondary 

sources by focusing on specific study locations and necessary data. 

Increasingly, planners realize that secondary and professional sources of infor- 

mation often miss detailed information that is readily apparent to those living in an 
area. This “local knowledge” can contribute greatly to planning intelligence. Sur- 
veys, questionnaires, interviews, and workshops are all used to acquire local 
knowledge from residents and landowners (see chapter 4). These methods may be 
the only source of historical information about changing environmental condi- 
tions. In addition, agencies are constrained by budgets and personnel, and they 
often cannot monitor environmental conditions at the scale, accuracy, or fre- 
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quency needed for informed decisions. Local voluntary monitoring programs can 
contribute greatly to agency databases and educate local groups about environ- 
mental conditions at the same time. 

There are three basic approaches to field observation: 

_1. Monitoring: measuring and recording quantitative environmental data 

_ 2. Visual surveys: simple observation and recording of visual environmen- 

tal conditions. 

3. Mapping: spatially recording environmental conditions. 

See chapter 13 for examples of field stream and riparian surveys and monitor- 

ing. Figure 13.22 describes a method for digital field monitoring using a handheld 

computer, GPS unit, digital camera, and GIS. 

Community Indicators, Indexes, and Thresholds 

Part of the difficulty in monitoring the environment is knowing what to monitor. 

Making sense of complex environmental systems and the growing reams of data 

and information is a challenge for both agencies and stakeholders. Increasingly, 

environmental indicators are used to simplify environmental assessment. 

It is helpful to distinguish between an indicator, an index, and a threshold: 

» An indicator is a single measure of a condition of an environmental ele- 

ment that represents the status or quality of that element. For example, 

fecal coliform content and dissolved oxygen in water and ozone concen- 

tration in the air are useful indicators of water and air quality. 

» An index is a synthesis of several indicators that are combined into an 

overall measure of status or quality of an environmental element. It is 

usually derived by a sum-of-weighted-factors analysis. For example, the 

Air Quality Index (AQD) and the Index of Biological Integrity (IBI) are 

often used as measures of air quality and biodiversity. 

A threshold is the value of an indicator or index that represents a problem 

condition or a desirable outcome. A threshold is often defined by a goal 

that a community wants to achieve or by an established standard, such as 

an air or water quality standard. Thresholds should be attainable, mean- 

ingful, and integrated into the planning process. 

Indicators and indexes aim to help identify problems, represent important fac- 

tors and relationships, understand current conditions, establish community goals, 

and measure change, trends, and progress. Indicators must be measurable with 

available information, verifiable, reproducible, and meaningful and understand- 

able to a range of users. An indicator or index can be used to monitor change and 

progress toward a desirable (or problem) threshold. 

A variety of indicators and indexes are described in later chapters, and their use 

is an important component of watershed assessment (chapter 10) and environ- 
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TABLE 11.2 Hypothetical List of Community Indicators, Relationships, Purposes, and Thresholds 

Indicator/Index (units) 

Environmental 

Impervious surface (acres 

or % of total area) 

Vehicle miles traveled 

(miles) 

Days AQI in good range 

(# days/year) 

Stream miles “impaired” 

(not meeting WQ stds) 

(miles) 

Solid waste recycled 

(% of generated) 

Land in open space 

(acres) 

Economic 

Unemployment (%) 

Income per capita ($/cap) 

Employed in locally owned 

businesses (%) 

Social 

Below poverty level (%) 

Homeless (# people) 

Access to adequate 

healthcare (% of pop) 

Voting rate (% of eligible) 
CE 

Related to 

what outcome? 

Biodiversity in stream 

corridors(—) 

Stream impairment (+) 

Economic loss from 

flooding (+) 

Air quality (—) 

Energy consumption (+) 

Congestion (+) 

Social stress (+) 

Human health (+) 

Impact on tourism (+) 

Aquatic habitat 

degradation (+ ) 

Aesthetic/recreation 

capacity (—) 

Material resource 

conservation (+) 

Landfill soil/GW pollution 

(at) 
Aesthetic greenness (+) 

Urban wildlife habitat (+) 

Families on govt support 

(+) 
Personal Income (—) 

Poverty/homelessness (+) 

Economic vitality 

Tax revenues 

Local reinvestment 

Poverty, personal income 

Poverty, community 

character 

Community health 

Community engagement 

Community Purpose 

Improve stream health 

Reduce flooding 

Encourage efficient 

development patterns 

Reduce congestion 

Improve air quality 

Improve air quality 

Improve human health 

Improve water quality 

Enhance recreation 

opportunities 

Minimize landfilling 

Reclaim materials 

Preserve community 

character/recreation 

Enhance wildlife 

Increase # jobs 

Ensure family income 

Reduce poverty 

Enhance family income 

Enhance local revenues 

Enhance local economic 

self-reliance 

Reduce poverty 

Reduce homelessness 

Improve community 

health 

Improve democracy 

Current 

Level 

Goal or 

Threshold 

15% of total area 15% (maintain 

25,000 miles/day 

10,000 acres 

8% 

$25,000/ cap/yr 

40% 

current levels) 

Reduce by 5% 

5 da/yr 

10 miles 

25% 

10,000 acres 

(maintain 

current levels) 

4% 

$30,000/cap/yr 

50% 
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mental impact assessment (chapter 18). A good case study of the use of indicators 
and thresholds is the Lake Tahoe region (chapters 8 and 18). The 22 indicators in 

EPA‘s Index of Watershed Indicators (IWI) were given in chapter 10. 

Indicators have been used for national and global monitoring. Some, like gross 

domestic product (GDP), Consumer Price Index, unemployment rate, and 

poverty rate, have long been used to measure economic and social conditions. 

Recently, attention has been given to national ecological indicators (Dale and 

Beyeler, 2001; National Research Council, 1999). 

The use of indicators in community planning has increased significantly. Com- 

munity indicators include not only environmental factors but also economic 

and social conditions to reflect the objectives of sustainability. Several sources pro- 

vide long lists of possible indicators (Livable Communities, http://wwwlgc. 

org/center/about/center.html; Green Communities, http://www.epa.gov/region03/ 

greenkit/index.html; Hart, 1999). However, the use of community indicators and 

thresholds should be viewed as a process that begins with engaging citizens, 

groups, firms, and other stakeholders in a dialogue about community issues, con- 

cerns, and goals. The choice of indicators and thresholds must be based on this 

process, and monitoring indicators should become a community activity. 

Although the list of potential indicators is very long, the choice of indicators 

should be held to a manageable, measurable, and meaningful set selected by the 

community. It should be clear what each indicator is measuring or is linked to, and 

what community purposes it represents. Table 11.2 gives a hypothetical list of 

environmental, economic, and social indicators and illustrates the considerations 

needed in selecting them. Goals and thresholds for these indicators should be 

attainable. 

Summary 

This ambitious chapter has addressed the important topic of information and data 

in environmental planning. For informed and knowledgeable planning decisions, 

the proper collection, analysis, and presentation of appropriate information is a 

critical and fundamental task. A planner’s role is to help decision makers, elected 

officials, the public, and other stakeholders make sense of the huge volume of 

potentially conflicting information. 

For environmental issues relating to land use, spatial information is very impor- 

tant. Maps, aerial photos, and satellite images and data, increasingly available on 

the Internet, provide basic information. It is often important to complement this 

information with field data monitoring. The increasing availability of such infor- 

mation has helped planners assemble large amounts of data, but has made more 

difficult the planners’ task to pare down available information into that which is 

meaningful and appropriate. Analytical and display tools, like GIS, have enhanced 

the quality of intermediate and advanced assessment and especially the visualiza- 

tion of information that helps communicate key issues, relationships, and options 

to stakeholders. ; 
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Although often viewed as a technical planning activity involving mapping and 

remotely sensed data, field data gathering and analysis is enhanced by community 

involvement. The use of environmental and community indicators helps planners 

make sense of available information, focusing assessment linking information and 

community-determined goals. Many of the fundamentals discussed in this chap- 

ms ter will come to life in subsequent chapters on more focused elements of environ- 

mental land use planning. 
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Soils, Topography, 

and Land Use 

To understand the natural processes of the land, and to plan land use in accord 

with them, there is no more fundamental place to start than the soil. Soil is a living 

dynamic resource that supports plant life by providing a physical matrix, biological 

setting, and chemical environment for water, nutrient, air, and heat exchange 

(USDA, 1996). Soil controls decomposition of organic matter and biogeochemical 

cycles; affects surface and subsurface hydrology; determines inherent vegetation, 

habitat type, and agricultural potential; and supports human habitation and struc- 

tures. As a result, many disciplines are interested in soils: the agronomist, the 

hydrologist, the wildlife biologist, the farmer, the builder, the engineer, and the 

land use planner, to name a few. 

This chapter introduces soil quality and some land use properties of soils, dis- 

cusses soil surveys and interpretation, and addresses major issues and assessment 

for agricultural lands and urban soils. It describes techniques for evaluation of 

soils used by planners, including soil quality indicators, soil suitability mapping, 

agricultural land assessment, and erosion prediction and sedimentation control. It 

also presents methods of slope analysis. 

Land Use Properties of Soils and Soil Quality 

Soils are made up of inorganic minerals (rock, clay, silt, and sand) that provide 

structure; organic matter (living and decomposing plant and animal material) that 

supplies nutrients and holds moisture; and air, water, and dissolved nutrients, 

essential for living organisms. Box 12.1 provides some soil fundamentals, includ- 

ing soil origin and processes (figure 12.1), and principal characteristics including 

texture, bulk density, biology, plasticity, permeability, among others. These charac- 

teristics affect the soil’s quality and land use. 

317 
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BOX 12.1 — Some Soil Fundamentals 

he process of soil formation and depletion is 

i a complex combination of physical, chemi- 

cal, and biological processes (figure 12.1). 

Underlying rock provides the parent material and, 

through physical and chemical weathering, pro- 

duces the soils’ fine-grained minerals. Overlying 

vegetation and animals provide organic material or 

litter that, through various stages of biological 

decomposition, produces the soil’s humus. Physi- 

cal processes of deposition and erosion continu- 

ally remove and replace surface materials. Percola- 

tion of water leaches materials from the surface to 

lower depths. It takes 100-400 years to form 1 cen- 

timeter of soil through these processes. 

The vertical cross section of the soil, or soil pro- 

file, contains distinguishable zones or horizons. 

The O horizon is the organic litter above the A 

horizon or topsoil. A contains the most organic 

matter and has the greatest biological activity. 

Between A and B is the E or leached horizon which 

is the source of the downward removal of materi- 

als by leaching (the process of eluviation). B and C 

horizons are the subsoil. B has greatest accumula- 

tion of leached materials (the process of illuvia- 

tion), and C contains weathered parent material. 

Soil Taxonomy 

The continental United States is dominated by 10 

soil classes that are further distinguished by sub- 

class. See the NRCS poster on the classification 

system and location of classes and subclasses at 

http://soils.usda.gov/research/results/posters/soil 

_tax.pdf. 

Soil Characteristics 

Texture is the relative proportion of different size 

particles. The following are particle definitions by 

diameter: 

Cobbles > 75 millimeters (mm) 

Gravel 2.0-75 mm 

Sand 0.05-2.0 mm 

Silt 0.002-0.05 mm 

Clay < 0.002 mm 

Of course, soils are generally mixtures of differ- 

ent-sized particles, so the Department of Agricul- 

ture has devised textural classes of soils depending 

on their composition of sand, silt and clay. These 

classes are described in figure 12.4. The texture of 

the soil has a great effect on its drainability, erodi- 

bility, bearing strength, and stability. 

Bulk density is the unit volume weight of the 

soil. An ideal density is 1.33 megagrams per cubic 

meter (Mg/m3). Values over’1.6 Mg/m? tend to 
inhibit plant root penetration. Compacted soil is 

compressed to a bulk density greater than 1.6. 

Structure is determined by the shape of parti- 

cle clusters, called peds. These can provide open- 

ings for percolation (downward movement of 

water) even in clay-rich soils. 

Color can indicate the types of minerals present, 

the organic content, and seasonal water fluctua- 

tions. Organic content is the amount of humus, 

leaf mold, sawdust, and other organics in the soil, 

indicating better nutrient cycling. Reddish soils are 

highly weathered with a high content of oxidized 

iron; dark or black soils indicate high organic mat- 

ter; gray soils have permanently high and stagnant 

water tables. Mottled soils showing spots of differ- 

ent colors indicate a fluctuating water table or poor 

drainability and thus can reflect seasonal wetness 

even when examined in dry periods. 

Soil ecology broadly describes the biological 

activities of the soil. In most vegetated soils there 

is a complex soil ecosystem involving plants and _ 

organic residue, and several trophic levels of bac- 

teria, algae, fungi, protozoa, nemotodes (worms), 

anthropods, and higher animals (gophers, mice, 

shrews, moles, woodchucks). Soils play a critical 

role in biogeochemical cycles. 

Consistence is the degree and kind of adhe- 

sion and cohesion of the soil. Consistence is 

described under dry, moist, and wet conditions. 

Under dry and moist conditions, the hardness of 

the peds or the difficulty in crushing the ped by 

hand is noted. Under wet conditions, the sticki- 

ness and plasticity of the soil is noted. It affects the 

workability of the soil, its ability to support loads, 

and its tendency to shrink and swell. : 

Plasticity is determined by seeing how well the 

soil can be shaped into a “spaghetti wire” and then 

how well the wire can be manipulated. It is quanti- 

tatively defined in terms of the Atterberg limits, 

which are a soil’s “plastic limit” (or the water con- 
tent, in percent water, at which the soil begins to 

Continued > 
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deform) and its “liquid limit” (or the water content 

at which the soil cannot retain its shape and begins 

to flow). The soil’s plasticity index is the liquid limit 

minus the plastic limit. Shrink-swell soils generally 

have a high plasticity index: 

Hydraulic conductivity or permeability is the 

ease with which gases and liquids pass through a 

given volume of soil. It can be measured by a per- 

colation test in which a 2 ft. x 2 ft. x 2 ft. hole is 

filled with water and allowed to drain; the hole is 

filled with water again. The permeability is the dis- 

tance the water drops in one hour; the percolation 

rate is the time it takes the water to drop one inch. 

Permeability is rated on a scale from rapid (greater 

than 6 in/hr) to slow (less than 0.2 in/hr). Coarse- 

grained soils (sands) have relatively large spaces 

between particles and thus have rapid permeabil- 

ity rates, whereas fine-grained soils (clays) have 

slow rates. The structure of fine-grained soils can 

affect permeability rate; the rate can be higher if 

there are avenues between peds for infiltration. 

Soil porosity is the percentage of the total soil 

volume not occupied by soil particles and indi- 

cates its water-holding capacity. 

bio-activity 

leachate 

accumulation 

weathered 
parent material 

leaching 

ae ee 

Hydric soils are those that are often saturated 

due to high water table and exhibit the coloration 

and mottling typical of poorly drained soils. They 

are a good indicator of the presence of wetland 

conditions. 

_Reaction indicates its pH or degree of acidity or 

alkalinity, affecting crop production and corrosion 

of materials. Salinity or the salt content of soil can 

inhibit vegetative growth. 

Fertility of the soil is measured by a chemical 

analysis of plant nutrients and indicates the fertil- 

izer needs of the soil to support crop growth. Pro- 

ductivity of the soil measures yield of a specific 

crop and depends on fertility, texture, structure, 

and other factors like slope. 

The stoniness of the soil is the amount of 

course fragments from 10 to 24 inches in diameter 
in or on the soil. Stoniness is classified on a 0 to 5 

scale: 0 indicates no or few stones, 4 indicates that 

stones make the use of machinery impractical. 

The rockiness of the soil is the amount of the 

soil surface occupied by bedrock outcrops. A 0-5 

scale similar to the stoniness scale is used to clas- 

sify rockiness. 

O horizon: organic litter 

A horizon: topsoil 

B horizon 

C horizon: subsoil 

Figure 12.1 Soil Processes and Profiles 
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Soil Characteristics Land Use Properties 

Texture (particle size) 

Organic Content (color) Stability (Unified Classification) 

Structure (peds) \V | Bearing Strength 

APES Sead | ; Consistence (ad-, co-hesion) Shrink-Swell 

Plasticity ui Liquefaction 

Permeability A 

Porosity (% voids) i 
Drainability (percolation test) 

Reaction (pH) Erosion Potential (USLE) 

Fertility (yield, nutrients) 

Capacity to Support 

// Vegetation (USDA Cap) 

Rockiness (0-5 Dee 

Moisture Content 

Figure 12.2 Land Use Properties of Soils 

Stoniness (0-5 scale) 

Land Use Properties of Soil 

Soils exhibit properties that have a significant influence on land capabilities and 

should be an important consideration when planning land use. Figure 12.2 dis- 

plays four important land use properties of soils and the types of soils and soil char- 

acteristics affecting their use in agricultural and urban settings. Certain soils may 

compress, shrink, swell, or shift, causing problems for structures. Others may 

drain surface water or septic effluent poorly or may be highly susceptible to ero- 

sion. Still others may have productive resource value—as prime agricultural soils 

or simply to support urban vegetation. 

Soil Stability: Strength and Movement 

The stability of the soil involves its susceptibility to compression or settling, shrink- 

ing and swelling, and spontaneous flow. Stability determines how well the soil can 

support structures and physical infrastructure. The potential for settling or com- 

pression of soil when subjected to a load depends on its bearing strength, which 

is related to the soil’s bulk density or its dry weight per unit of bulk volume. In gen- 

eral, coarse soils such as gravelly soils have better bearing strength than loosely 
consolidated fill, water-saturated, clayey, or highly organic soils. Settlement is a 
particular problem on land “reclaimed” from lake or bay shores by filling in with 
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dredge spoils, municipal wastes, or other materials. Especially when not properly 
compacted and when placed on soft bay muds, these materials will settle when 
supporting a load due to their own low strength and/or the low internal cohesion. 
Potential settlement of low-strength soils generally does not preclude construc- 
tion but requires special engineering measures, such as compaction, surcharging, 

or the use of bearing or friction piles, to mitigate potential problems. 

‘Shrink-swell potential depends on the soil’s plasticity or water-bearing char- 

acteristics. Some clay soils (made up of such minerals as smectite or montmoril- 
lomite) will expand excessively when wetted and shrink when dried. These 

expansions and contractions can exert extreme pressures sufficient to crack 

foundations and roadways and dislodge structures. Other soils may also expand 

when frozen; these so-called frost-heave soils are generally fine soils that retain 

water. Spontaneous flow or liquefaction potential may be high where soil is made 

up of loosely packed, well-sorted fine-grained sands and silts and where high water 

tables are prevalent. When these soils are saturated, only a portion of the load of 

the overlying soil and structures is carried by the grain-to-grain contact of the soil 

particles. The remainder of the load is supported by the buoyant force of water 

between the particles. When shaken by an earthquake or other impulse, the con- 

tact between the grains may be lost, and the saturated soil will behave like a liquid. 

Any structure resting on the soil will also move. 

The Unified Soil Classification system, described in table 12.1, rates soils in 

terms of their properties for structures and foundations based on bearing strength 

and potential expansion. The most important soil characteristic affecting these 

properties is texture, categorized by letters G (gravel), S (sand), and C (clay). Also 

important is the content of plastic clay and organic matter. The best engineering 

soils are uniformly large particle soils without plastic clay and organic material. 

Clayey and organic soils rate the worst. 

Drainability 

The Unified Soil Classification system also rates the drainability of the soil, which 

is important not only for buildings and roads, but also for other land uses such as 

crop production, septic and infiltration drainfields, and waste containment facili- 

ties. Drainability depends primarily on soil permeability (or the ease with which 

fluids pass through the soil [see box 12.1]), but also on soil depth and the depth of 

the water table or groundwater surface. Generally, coarse-grained soils that have 

relatively large spaces between particles have rapid permeability rates, whereas 

fine-grained soils have slow rates. Soil compaction reduces permeability and 

impedes drainability. Good drainage of soils is desirable for most land uses except 

waste or chemical containment facilities like sanitary landfills, lagoons, or under- 

ground storage tanks. In such cases, compacted clay or artificial liners are used to 

contain water drainage, which is often contaminated by waste leachate. 

On-site wastewater or septic systems and drainfields are permitted and usually 

designed by public health engineers based on soil drainability. Septic drainfields 

can create water quality problems in two ways. First, soil drainability is often insuf- 

ficient to drain effluents and surface seepage occurs. Second, when soil drainabil- 

ity is too high and/or drainfields are too close to receiving waters, insufficient fil- 
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TABLE 12.1 

Soil 

Group 

Group I- 

Excellent 

Group II 

Fair 

to Good 

Group III 

Poor 

Group IV 

Unified Soil Classification System 

USCS 

Symbol 

Allowable 

Bearing 

(lb/ft?) with 

Medium 

Soil Description 

GW _ Well-graded gravels, gravel sand mixtures, 

little or no fines 8,000 

GP Poorly graded gravels, gravel-sand mixtures, 

little or no fines 8,000 

SW _ Well-graded sands, gravelly sands, little or 

no fines 6,000 

SP Poorly graded sands, gravelly sands, little 

or no fines 5,000 

GM __ Silty gravels, gravel-sand-silt mixtures 4,000 

SM _ Silty sands, sand-silt mixtures 4,000 

GC Clayey gravels, gravel-sand-clay mixtures 4,000 

SC Clayey sands, sand-clay mixtures 4,000 

ML Inorganic silts and very fine sands, rock flour, 

silty or clayey fine sands, or clayey silts with 

slight plasticity 2,000 

CL Inorganic clays of low to medium plasticity, 

gravelly clays, sandy clays, silty clays, 

lean clays 2,000 

CH_ Inorganic clays of high plasticity, fat clays 2,000 

MH Inorganic silts, micaceous or diatomaceous fine 

sandy or silty soils, elastic silts 2,000 

OL Organic silts and organic silty clays of low plasticity 400 

Unsatisfactory OH Organic clays of medium to high plasticity, 

organic silts 0 

PT Peat and other highly organic soils 0 

Drainage* 

Compaction Characteristics Potential Potential 

Good 

Good 

Good 

Good 

Good 

Good 

Medium 

Medium 

Medium 

Medium 

Poor 

Poor 

Poor 

Frost 

Heave 

Low 

Low 

Low 

Low 

Medium 

Medium 

Medium 

Medium 

High 

Medium 

Medium 

High 

Medium 

Unsatisfactory Medium 

Unsatisfactory Medium 

* Percolation rate for good drainage is >4 inches/hour, medium drainage is 2-4 inches/hour, poor is <2 inches/hour 
G—gravelly soils >2 mm 

S—sandy soils 

M—fine inorganic sand and silt 
C— inorganic clay 

O—organic silts and clays 

W—uniform particle size, absence of clay 

C—uniform particle size, binding clay fraction 

PT—peat, highly organic soils 

P—non-uniform particle size, absence of clay 

L—low placticity (liquid limit <50) 

H—high plasticity (liquid limit >50) 

Shrink- 

Swell 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

Medium 

High 

High 

Medium 

High 

High 

tration and biodegradation occur before effluent ends up in surface waters or 

groundwater. On-site wastewater systems and soils are discussed in a later section 

of this chapter. 

Erodibility 

Erodibility is another important land use property of soils. Soil loss through erosion 
on agricultural and silvicultural lands can reduce productivity; erosion from these 
lands and from construction sites often leads to sedimentation of water bodies. 
The process of water erosion, illustrated in figure 12.3, involves rainsplash, sheet- 
wash, rill and gully, and channel erosion. Rainsplash erosion results from the 
direct impact of falling drops of rain on soil particles. The impact dislodges soil par- 
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Rainsplash 
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Rill and 
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i 
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Figure 12.3 Four Types of Water Erosion. Source: G. Day and D. Smith, Virginia Tech. 

ticles and splashes them into the air. The dislodged particles can then be easily 

transported by surface runoff. Sheet erosion removes a layer of exposed surface 

soil by the action of rainfall splash and runoff. The water moves in broad sheets 

over the land and is not confined to small depressions. Rill and gully erosion 

develops as flowing runoff concentrates in grooves, called rills, which cut several 

inches into the soil surface. Rills grow to deeper and wider gullies where concen- 

trated flow of water moves over the soil. In stream and channel erosion, 

increased volume and velocity of runoff may cause erosion of the stream bottom, 

especially channel banks. 

The loss of soil depends on soil type and, more importantly, on the surface slope 

(which affects the speed and erosive force of the runoff) and the vegetative cover 

(which intercepts raindrops, decreases runoff by increasing infiltration, and slows 

what runoff remains). Figure 12.4 gives the U.S. Department of Agriculture 

(USDA) Textural Triangle used to classify the soil texture by the composition of 

sand, silt, and clay. The most erodible soils are unvegetated sandy loams because of 

their high surface runoff potential due to their clay content and a low resistance to 

erosion due to their sand content. The soil erodibility factor and index, as well as 

the use of the Universal Soil Loss Equation (USLE) to estimate annual loss of soil 

from a parcel of land are discussed later in this chapter. 



é R Environmental Land Use Principles and Planning Analysis 

100% CLAY 

NA 
Ls 

gp VAVAVAY Aa 
; ENA ATA 
EOS \e Na 

eae eae NES Ws 

WAYANAaV ATA 
ANON COUN LOAM rw AN ee" voN aan 

100% 90 70 60 50 40 30 20 10 100% 
SILT 

Percent SAND 

Figure 12.4 USDA Textural Classification of Soils. The triangle shows textural classes 
graphically depending on composition of sand, silt, and clay. 

Capacity to Support Vegetation 

Soil quality to support agriculture, silviculture, and urban vegetation is another 

land use property. The top horizons are critical for vegetation, as roots for even 

large trees extend only about 18 inches in depth. A number of factors affect the 

agricultural capability of soils, including fertility, reaction, texture, bulk density, 

drainability, stoniness, rockiness, and erodibility. Prime agricultural soils are fer- 

tile, well-drained soils on level or gently sloping lands and generally include flood- 

plains, river valleys, and certain grassy plains. Flood deposit plains have the best 

potential with their alluvial (water-deposited) soils, flat topography, and limited 

utility for other uses. The USDA Agricultural Land Capability system considers 

these factors in rating cropland and is given in box 12.2. The issue of farmland 

conversion and the Land Evaluation and Site Assessment (LESA) system for eval- 

uating farmland are discussed in the next section. Urban uses of soil, including 

landscaping, park and street boulevard management, and urban forestry, must 

also address soil quality. The removal, compaction, filling, and contamination of 

urban soils affect productive use. Agricultural lands and urban soils are discussed 

in later sections. 



he USDA classifies lands based on their 

; soils’ capabilities to produce crops without 

deterioration. The system takes into 

account soil types, slope and drainage of the 

land, the erodibility and rockiness of the soil, and 

other factors. Land is classified into the eight cat- 

egories given below. The higher the number, the 

more severe are the limitations to agriculture use. 

Often, specific limitations are identified by a let- 

ter following the Arabic or Roman numeral: “e” = 

erosion, “w” = wetness, “s” = internal soil prob- 

lems, and “c” = climatic limitations. Classes 1 and 

2 are “prime agricultural lands.” The capability 

BOX 12.2 — USDA Agricultural Capability Classification 
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Class 1—few limitations for crop production 

Class 2—moderate limitations that reduce 

crop choice 

Class 3—severe limitations that reduce crop 

choice 
“Class 4—very severe limitations that reduce 

crop choice 

Class 5—moderate limitations that make soils 

unsuitable for cultivation 

Class 6—severe limitations that make soils 

unsuitable 

Class 7—very severe limitations that make 
soils unsuitable 

Class 8—limitations that preclude commercial classification is an important input in the LESA 

ae crop production system. 

Soil Quality and Soil Degradation 

Soil quality is the fitness of a soil to function within its surroundings, support plant 

and animal productivity, maintain or enhance water and air quality, and support 

human health and habitation. The quality of a specific soil depends on the use to 

which it is put. Soil quality is evaluated by monitoring several indicators chosen to 

reflect the specific function and use of the soil. Indicators can show the health or 

degradation of the soil, point to improvement strategies, and provide the focus for 

monitoring change. 

Soil degradation occurs in many ways. Most are caused or exacerbated by 

human activities. Erosion is probably the most important soil degradation process, 

removing potentially tons per acre per year from sites denuded of vegetation, 

either for crop production or land development. Grading for land development, 

mining, and other activities often removes valuable topsoil. Soil can be contami- 

nated with pollutants, salts, or acidic or alkaline conditions that limit their useful 

functions. Soil can be compacted by human use, increasing bulk density and 

reducing drainability and capacity for root growth. 

Just like community and environmental indicators discussed in chapter 11, soil 

quality indicators should be measurable, meaningful, and manageable and be 

determined by the user’s objectives. Figure 12.5 gives a flowchart for selecting soil 

quality indicators based on a user’s goals. Many of these indicators can be mea- 

sured and monitored in the field. There are several field methods for measuring 

biological, chemical, and physical soil quality indicators. For example, an organic 

smell and visual inspection of the soil for fauna such as earthworms, fungi, and 

larva indicate a biologically healthy soil. Soil pH (acidity and alkalinity), salinity, 

and nitrate content are common chemical indicators. Infiltration rates, bulk den- 

sity, and visual signs of erosion are physical characteristics. 
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User’s Goals 
(e.g., farmer, land manager) 

Soil Function Soil Function Soil Problem 

e.g. drainage e.g. productivity e.g. compaction 

Soil Property Soil Property Soil Property Soil Property 

e.g. infiltration e.g., fertility e.g. cultivation e.g., structure 

Soil Indicator Soil Indicator Soil Indicator Soil Indicator 

e.g. permeability e.g. organic matter e.g. consistence , e.g. bulk density 

Method Method Method Method 

e.g. perc test e.g. color e.g. mold test e.g. core sample 

Figure 12.5 Chart for Selecting Soil Quality Indicators 

Indicators should be used to identify soil degradation problems and to formu- 

late plans for soil improvement. Monitoring indicators over time shows the effec- 

tiveness of improvement plans. For example, low organic matter reduces fertility 

and indicates poor structure. Soil amendments can increase organic matter, 

improving soil functions. Bulk density indicates soil compaction, which limits 

drainage, root growth, and gas exchange. Aeration methods can counter the 

impacts of compaction. Monitoring bulk density can show the effectiveness of aer- 

ation methods and frequency. 

For more information on soil quality, see the USDA, NRCS Soil Quality Data 

Sheets (http://www.statlab.iastate.edu/survey/SQI/sqiinfo.html). 

Soil Surveys and Interpretive Soils Mapping 

Soil surveys provide the best available soils information for land planning. The 

USDA Natural Resources Conservation Service (NRCS, formerly the Soil Conser- 

vation Service [SCS]) has been producing soil surveys since the turn of the last 

century, and the process is continuous. Every year surveys are being revised to 

meet current needs, and new areas are being surveyed. Although soil surveys in 

the United States date back to 1896, the modern soil survey dates from about 1956 

and reflects improved and standardized mapping and interpretation techniques. 
As of 2002, modern surveys are available for 1,557 counties (43%) of the United 

States, and another 842 (23%) are in process. About 365 counties (8%) have older 
out-of-date soil surveys (see updates at http://www.ftw.nrcs.usda.gov/jpg/ssa_ 
small jpg). Digital soil surveys that have digital maps and data were first produced 
in the 1990s and are available for 1,064 counties (as of August 2001). 
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Figure 12.6 Soil Survey Photomap and Base Map Showing Soil Map Units. Source: USDA, SCS (1985). 

The modern surveys include three useful components: 

1. Text describes the county, its general 5-10 types of soils (called associ- 

ations), the 15-20 more specific types of soils (called series), and the 

40-60 soil series-slope combinations (called map units). 

2. Maps show the location of the soils by “map units or symbols,” which 

denote soil series and complexes at different slopes. The maps are usu- 

ally produced at a scale of 1:15,840 or 1:24,000. As shown in figure 

12.6, aerial photographs are used as the base map, and the soils poly- 

gons and surface features, like roads and drainages, are included in the 

soils overlay. The polygon symbols on the soils overlay refer t
o the map 

units: The number denotes the soils series or complex, the letter 

denotes the slope. 

3. Tables provide detailed information for each series and map unit. The 

tables include engineering, physical, and chemical properties and 

water characteristics, as well as interpretive information such as 

expected yields for various crops, woodland productivity and limita- 

tions, wildlife habitat potential, potential sources of construction mate- 
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Figure 12.6 (continued) 

rials, and limitations for building site development and for sanitary 

facilities (e.g., septic systems, landfills, etc.). Table 12.2 gives some 

examples of soil survey tables taken from the Montgomery County, Vir- 

ginia, soil survey (USDA, SCS, 1985). In the actual survey the com- 

plete listing of the 55 map units are rated under each table heading. 

Interpretive Soils Mapping Using the Soil Survey 

Using the soil survey maps and tables, one can produce interpretive soils maps 

fairly easily. An interpretive map displays areas of similar soil properties in the 

same color or shading. For example, a septic suitability map would show in one 

color those areas with severe soil limitations for operation of septic drainfields, in 

another color those areas with moderate limitations, and in still another color 

those with slight limitations. These interpretive maps can be made for any of the 

specific factors given for each soil map unit in the tables or text of the soil survey, 

that is, those listed in tables 12.2. These maps can be very valuable for land use 

planning. 



TABLE 12.2 Examples of Soil Survey Table Headings 

TABLE 6 Yields per Acre of Crops and Pasture— 

Soil Name and Map Symbol Corn Corn Silage Oats Wheat AlfalfaHay Grass-Legume Hay Pasture 

Bu Ton Bu Bu Ton Ton AUM* 

15B: Glenelg A135 OX 80 50 5.5 3:5 10.5 

ee 
ee 

ED TET 

TABLE 7 Woodland Management and Productivity— 

Management concerns Potential productivity 

Soil Name Wind- 

and Map _—_ Ordination Erosion Equipment Seedling throw Common Site Trees to 

Symbol Symbol ~ Hazard Limitation Mortality Hazard Trees Index Plant 

Sie 2c Severe Severe Slight Slight | Northernredoak 76 Yellow-poplar, 

Lowell— Yellow-poplar — 90 eastern white pine, 

(orth aspect) Shortleaf pine— 80  shortleaf pine 

Virginia pine— 80 
ee ee

 

TABLE 8 _ Recreational Development—Limitations 

Soil Name and Paths 

Map Symbol Camp Areas Picnic Areas Playgrounds and Trails Golf Fairways 

SDE OK: Severe: slope, Severe: slope, Severe: slope, Severe: Severe: slope 

Weikert — small stones, small stones, depth to rock, slope thin later, 

depth to rock depth to rock small stones small stones 

TABLE 9 Wildlife Habitat— 
Potential for habitat elements Potential as habitat for— 

ie ae ee a 

Soil Name Wild Shallow 

and Map Grainand Grasses Herbaceous Hardwood Coniferous Wetland Water Openland Woodland Wetland 

Symbol Seed Crops and Legumes Plants Trees Plants Plants Areas Wildlife Wildlife Wildlife 

8D*: Poor Fair Good Good Good Very Very Fair Good Very 

Caneyville 
poor poor poor 

Capello a yy ere se Se 

TABLE 10 Building Site Development—Limitations 

Dwellings Dwellings Small 

Soil Name Shallow without with Commercial Local Roads Lawns and 

and Map Symbol Excavations Basements Basements Buildings and Streets | Landscaping 

8D*, 8E*: Severe: Severe: Severe: Severe: Severe: Severe: 

Caneyville— depth to rock, slope slope dept to rock, slope _ slope low strength, slope 
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TABLE 12.2 (Continued) Examples of Soil Survey Table Headings 

TABLE 11 Sanitary Facilities —Limitations 

Soil Name Septic Tank Sewage Trench Area Daily Cover 

and Map Symbol Absorption Fields Lagoon Areas Sanitary Landfill Sanitary Landfill for Landfill 
we ee ee a eee ee 

TDS: Severe: depth Severe: slope, depth Severe: slope, depth Severe: seepage, Poor: small stones, 

Berks— to rock, slope to rock, seepage to rock, seepage slope, depth to rock slope, area reclaim 
ann ee Oe cman ne SE a 

TABLE 13 Water Management— 

Limitations for— Features Affecting— 

Soil Name Pond Embankments, Aquifer-fed Terraces and Grassed 

and Map Symbol Reservoir Areas Dikes, and Levees Excavated Ponds Drainage Diversions Waterways 

8D*: Moderate: Severe: thin layer, Severe: Deep to water Slope, depth Slope, depth 

Caneyville— depth torock __ hard to pack no water to rock to rock 

TABLE 15 Physical and Chemical Properties of the Soils— 

Erosion 

Factors 

Soil Name Moist Available Soil Shrink-Swell Organic 

and Map Symbol Depth Clay Bulk Density Permeability Water Capacity Reaction Potential K T Matter 

8E*, 8E*: In Pct G/cem3 In/hr In/in pH Pct 

Caneyville— 0-8 10-25 1.20-1.40 0.6-2.0 0.15-0.22 4.5-7.3 Low— 0.43 3 2.4 

8-32 36-60 1.34-1.60 0.2-0.6 0.12-0.18 4.5-7.3  Moderate— 0.28 

Source: USDA, SCS, Montgomery County (VA) Soil Survey, 1985 

Using the soil survey tables, soils suitability maps can be developed for the fol- 

lowing factors: 

= crop productivity (e-g., corn yields per acre) ~ 

» woodland production (rated by a site index [height to which a tree species 

will likely grow in 50 years] and by management limitations) 

« limitations for recreation development (slight, moderate, severe) 

» wildlife habitat rating (good, fair, poor, very poor) 

« limitations for dwellings with basements (slight, moderate, severe) 

= limitations for dwellings without basements (slight, moderate, severe) 

= limitations for local roads and streets (slight, moderate, severe) 

« limitations for septic tank absorption fields (slight, moderate, severe) 

« limitations for sanitary landfills (slight, moderate, severe) 

= limitations for water management (slight, moderate, severe) 
= source of construction materials 

= engineering indices (e.g., texture, unified class, plasticity) 
= physical/chemical properties (e.g., depth, shrink-swell, permeability, ero- 

sion index) 



1. For the planning area to be assessed, prepare 

BOX 12.3—Procedures for Producing Interpretative Soil Suitability Maps 

a soils base map from the soil survey map 

unit overlay maps or the photomaps. Make a 

copy of the soils base map for each soil suit- 

ability factor (e.g., septic drain fields, build- 

ings with basements) to be assessed. 

create a new rating (e.g., Moderate or 

Severe). (See Step 3 table below.) 

. Choose a color or shading scheme for the 

different ratings that makes sense. Usually, 

light shading is good for “slight” limitation 

or “good” rating, dark shading for “severe” 

2. Make a list of the map units and soil series limitation or “poor” rating. In color, the “red 

that occur in the planning area as the first = stop”, “yellow = caution”, “green = go” 

two columns of a soil suitability matrix. approach works well. 

Using the soil survey table for each factor . On the soils base map, mark the individual 

or land use to be mapped, list the rating map units with the shading or color corre- 

or limitation posed by the soil for that sponding to their rating. 

use and the reason. (See Step 2 table . Once all the series are marked, go back and 

below.) color or shade in the map unit areas to pro- 

3. Group the map units having the same suit- duce the suitability map. 

ability rating or limitation. If one map unit is 

made up of two soil series having different 

ratings, you will not be able to tell from the 

map which series is present. For these units 

. Prepare a map title and legend that keys the 

colors or shades to the ratings. Include the 

title and legend on the map. (See Step 5-7 

maps next page.) 

Step 2 Table 

Map Soil Factor: Dwellings Factor: Septic Tank 

Unit Series with basements Drainfield 

Limitation Reason Limitation Reason 

1c Berks Moderate slope/depth Severe depth 

1c Clymer _ Moderate depth/slope Moderate — depth/slow perc/slope 

7D Berks Severe Severe depth/slope 

7D Weikert Severe slope/depth Severe slope/depth 

8D Caneyville Severe depth/slope Severe depth/slow perc/slope 

8D Opequon Severe slope/depth/shr-swell Severe slope/depth/slow perc 

11B Duffield Moderate shrink-swell Moderate depth 

11B Ernest Severe wetness Severe slow perc/wetness 

ike Duffield Moderate slope/shrink-swell Moderate — depth/slope 

11C Ernest Severe wetness Severe slow perc/wetness 

12E Frederick Severe shrink-swell Moderate — slow perc/slope 

12C Vertrees Moderate slope/shrink-swell Severe slow perc 

16B Groseclose Severe shrink-swell Severe slow perc 

16B Poplimento Severe shrink-swell Severe slow perc 

16C Groseclose Severe shrink-swell Severe slow perc 

16C Poplimento Severe shrink-swell Severe slow perc 

16D/16E Groseclose Severe slope/shrink-swell Severe slow perc/slope 

16D/16E Poplimento Severe slope/shrink-swell Severe slow perc/slope 

Continued > 
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BOX 12.3—(continued) 

Step 3 Table: Soil Suitability for Dwellings with Basements 

Slight Moderate Moderate or Severe ‘Severe 

ike 11B 7D 

11C 8D 

exe 16B 

16C 
16D/16E 

Steps 5-7 Maps 

Soil Limitations 

Moderate Moderate or Severe Severe 

a (Slope, depth to rock) (Slope, depth to rock) (Shrink/swell, slope, 

depth to rock) 

~ f 12c}/ - 
—* aes if 

ae san) 128 

B Moderate: 1C 

Continued > 

As described in box 12.3, a base map is made from the survey maps showing the 

soil map units. Using the tables, map units are grouped by their rating or degree of 

limitation for the factor to be mapped, and each similarly rated group is assigned 

the same color. The box shows the steps in the process and the final interpretive 

soil suitability map for dwellings with basements. 
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BOX 12.3—(continued) 

Composite Map 

ius 
pi ag 

3D 

jee 

t. 
yan} 128 in 1an 12B ws 

C Moderate or Severe: 11B, 11C, 12C D Severe: 7D, 8D, 16B/C/D/F 

Base map and data source: USDA, Soil Covservation Service, Soil Survey of Montgomery County, Virginia, 

September 1985. 

Soil Surveys in the Digital Age 

The interpretative mapping method discussed demonstrates the usefulness of soil 

survey information in land analysis. Because of the increased use of GIS for such 

purposes, NRCS has increased the availability of county soil survey maps in digital 

form. As of late 2001, NRCS has produced digital soil map data for 1,064 counties 

and has many in process through the Soil Survey Geographic Data Base (SSURGO). 

Figure 12.7 shows a soils map produced in a GIS system. Figure 12.7a shows map 

units in a bordered portion of the county. Using the same procedure as box 12.3 but 

with GIS, figure 12.7b shows a septic drainfield soil suitability map for same area. 

The USDA NRCS, in partnership with Microsoft, Compaq, and ESRI, has devel- 

oped a number of Internet tools to enhance access to soils information, especially in 

digital form. This so-called Lighthouse Project (http://www.lighthouse.nrcs.usda. 

gov/lighthouse/) includes three tools to deliver data and user software. The Geospa- 

tial Data Gateway (http://www.lighthouse.nrcs.usda.gov/gateway/) is being devel- 

oped to provide a single access point to a variety of geospatial data. The Toolkit 

provides a collection of software tools (now for USDA employees only). The Soil 

>>> 
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Soil Map Units 
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Figure 12.7 Soils Map Units and Interpretive Soil Suitability Maps in GIS 

Data Viewer (http://lighthouse.nrcs.usda.gov/lighthouse/websdv/WebS DVHelp/ 

viewer.htm) provides online access to soils information. It is built as an ESRI 

ArcView extension to provide soils suitability maps in the same way as box 12.3 and 

figure 12.7. As of late 2001, this service is available only for those dozen or so coun- 

ties for which detailed SSURGO data is available (http://ims2. ftw.nrcs.usda.gov/ 

statusmaps/ssurgo_nasis.jpg), but coverage will likely improve rapidly. 

Limitations of Soil Surveys and New Advances 

Although the soil survey is one of the best sources of natural resources information 

in the United States, there are certain limitations in using surveys, especially older 

surveys. A study by Gordon and Gordon (1981) indicates that earlier surveys have 

some internal inconsistencies. Surveys produced after the 1978 guidelines in the 
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National Soils Handbook are well-produced documents with national quality con- 
trol. Still, even these modern documents are accurate only to about 2 acres. 

Therefore, when using soil surveys, Gordon and Gordon suggest four parallel 

approaches to provide some validation of information: 

_« Investigate local examples of existing development on soils in question to 

~~ identify potential problems. 

» Gather additional site-specific soils data. 

» Seek additional advice from soils and engineering professionals. 

« Obtain information on the costs of overcoming soil suitability limitations 

through design changes. 

NRCS continues to improve the soil survey by improving field methods to 

increase accuracy and precision, providing more soil interpretation categories 

(e.g., limitations for stream buffers), increasing the availability of digital soils data 

and maps, and extending the application from agricultural to urban uses. 

Useful Soil Survey Websites 

Map of soil survey coverage in United States: 

http://www:statlab.iastate.edu/soils/soildiv/sslists/sslisthome.html 

Soil survey manual: http://www:statlab.iastate.edu/soils/ssm/gen_cont.html 

National Soil Survey Center: http://www:statlab.iastate.edu/soils/nssc/ 

NRCS home page: http://www.nrcs.usda.gov/ 

Lighthouse Project: http://www.lighthouse.nrcs.usda.gov/lighthouses 

SSURGO county soil maps: http://www.ftw.nrcs.usda.gov/ssur_data.html 

Slope Analysis 

Soil survey map units indicate relative slope, but more accurate slope mapping is 

derived from topographic maps. The slope map shows the relative steepness of the 

land. This section describes procedures for measuring slope and producing a slope - 

map from topographic maps or elevation data. It begins with the basic definitions 

of and equations for slope given in figure 12.8. 

As shown in figure 12.8, terrain steepness or slope is characterized in four ways: 

as the gradient, as the horizontal to vertical ratio, as the inclination or 

slope angle in degrees, and most often as percent slope. Table 12.3 correlates 

the four measures of slope. Note that a 45° slope angle is a 100 percent slope. The 

following sections describe methods for determining slope for a specific site and 

for producing areawide slope maps from topographic maps. 

Determining Slope of a Site from a Topographic Map 

A simple technique for site analysis makes use of a ruler, map horizontal graphic 

scale, or a slope gauge that relates percent slope to the space between elevation 



Percent (%) Slope = mare 

where, Hy = horizontal distance: point 1 to point 2 
V2 = Ep — E; = vertical distance, pt.1 to pt. 2 

E, = elevation at point i 

Slope angle = °S = TAN’ V2 
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Example: H;2 = 200 feet, E> = 540 ft, E; = 520 ft 
Vie = E, = E; = 20 feet 

% Slope = 100*20 = 10% 
200 

Slope Gradient = “1 in H2/ V;2”; HtoV ratio: ee 

1 

°§ = TAN’ 20 = 5.7° 
Hi2 200 

Gradient = 1 in 10; HtoV ratio = 10:1 

E, 

foe ———————————————— Hy2 

~ Plan view on map with elevation 
contours 

Elevation view 

Figure 12.8 Slope Terminology and Definitions 

contour lines. The technique applies the basic ese for percent slope, given 

here and rewritten with map values and scales: 

%slope = 100 x V 

H 

%slope = 100 X contour scale (ft/interval) x # intervals 

distance on horizontal graphical scale (when using 

graphical scale) 

Figure 12.9 shows how a transparency of the horizontal graphical scale can be 

used to measure the average slope between two points. Simply count the contour 

intervals between the points and multiply the number counted by the contour 

scale to get the vertical elevation change between the points. Then place the hori- 

zontal scale over the map and read the horizontal distance between the points off 

the scale. The percent slope is 100 times the vertical elevation change divided by 

the horizontal distance. 

TABLE 12.3 Correlating Different Slope Measures 

Slope Angle, Degrees Gradient H/V Ratio Percent Slope (%) 

3 1 in 20 20:1 5 
6 1 in 10 10:1 10 
9 1 in 12.7 126e1 15 
i isinve 5: 20 
18 1 in 3.3 Pa fe 30 
30 eee, Dill 50 
45 linl ileal 100 
EE ee eee 
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Figure 12.9 Using Horizontal Scale to Find “H” in Average Slope Measurements: 
% slope AB = 100 x 40 x 5 = 50%; % slope CD = 100 x 40 x 10 = 40% 

400 100 

Alternatively, one can use a ruler or make a slope gauge to measure slope 

between points or between contour lines. The following variation of the percent 

slope equation is used: 

% slope = 100 X contour scale (ft/interval) < # intervals 

gauge/ruler length x horizontal scale (ft/in) (when using 

a ruler or gauge) 

A ruler can be placed on the map to measure the distance in inches between 

two points. This value is plugged into the denominator of the equation to calculate 

the percent slope. 

To avoid having to make repeated calculations, gauges can be produced to read 

percent slope off the map. Using the equation, different gauges can be produced 

that measure the percent slope of different spacing between two adjoining contour 

lines. 

Gauge width = 100 X contour scale (ft/interval) x # intervals 

% slope X horizontal scale (ft/in) 

4 27 
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Gauge (0.4 inch wide) 
A. 1 interval = 10% slope 
B. < 1 interval = < 10% 
C. > 1 interval = > 10% 

Map elevation contour lines 

Figure 12.10 Using a Single-Interval Gauge to Read Percent Slope 

For example, if the contour interval scale is 40 feet, and the horizontal scale is 

1:12,000 or 1 inch = 1,000 feet, a 0.4-inch gauge width can be used to find areas of 

10 percent slope on a map by measuring a single contour interval. As seen in figure 

12.10, this gauge can be placed over the contour intervals to read where areas are 

10 percent slope, greater than 10 percent slope, and less than 10 percent slope. 

Gauge width = 100 X 40ft/interval x linterval = 0.4 inch 

for 10% slope 10 x 1000 ft/in 

Such gauges can be made for different percent slopes. The second column of 

table 12.4 gives gauge widths for a single contour interval for different slopes. 

Since it is tedious to measure single intervals, gauges can be made for multiple 

intervals, as shown in the third and fourth columns of table 12.4. For example, ifa 

1-inch gauge is used on the sample map and 10 intervals are measured in the 1 

inch gauge, it is a 40 percent slope; if 5 intervals are measured it is 20 percent; and 

if 1 interval is measured, it is less than 5 percent slope. 

Producing an Areawide Slope Map 

These same techniques can be used to produce slope maps. Slope maps distin- 

guish areas of different steepness or classes of slope such as flat areas (e.g., 0O-10% 

TABLE 12.4 Relation of Gauge Width, Number of Contour Intervals and 

Percent Slope (e.g., 40 ft. contour, 1” = 1000’) 

Percent Gauge Width, inches Gauge Width, inches Gauge Width, inches 
Slope (%) 1 interval 5 intervals 10 intervals 

5 0.8 4.0 8.0 
10 0.4 2.0 4.0 
20 0.2 1.0 2.0 
30 0.133 0.67 Kod 
40 0.1 0.5 1.0 
ee ee 
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TABLE 12.5 Gauges for Producing Slope Map (e.g., 40 ft. contour, 
1 in. 1000 ft) 

Single-Interval 1/2-inch Gauge 1-inch Gauge 2-inch Gauge 
Class Focus on Gauge, inches # intervals # intervals # intervals 

0-10% 

10-20% 10 to 11% 0.4 11/4+ 2 iQ 5+ 
20-40% 20 to 21% O2ae 21/2+ 5+ 10+ 
>40% 40 to 41% 0.1 5+ 10+ 20+ 

10-20% [7] 20.40% fl > 40% 

SLOPE MAP 

Figure 12.11 Working Slope Map Produced Using Slope Gauges in Table 12.5 
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slope) and steep areas (e.g., greater than 40% slope). One can use the same 

gauges produced in the last section. It is not necessary to measure slope at every 

point on the map, but rather only those points or lines where the slope changes 

from one class to another. For this purpose, a single-interval gauge for the slope 

between classes can be used to find where the slope changes from one class to 

another. Often, gauges that show a small number of intervals for these slope class 

changes are used. Table 12.5 shows a table of single and multiple interval gauges 

used for producing a slope map with 0-10 percent, 10-20 percent, 20-40 percent, 

and >40 percent steepness classes. For example, using the 1/2-inch gauge, where 

the number of intervals that fall within the gauge is just more than 5 intervals, the 

slope changes to more than 40 percent. That place should be marked as the 

boundary between the “20-40 percent” and “>40 percent” classes. The 0.1-inch 

single-interval gauge can also be used; finding the areas where just one interval fits 

within the gauge is exactly 40 percent slope; just more than one interval is >40 per- 

cent, just less than one interval is 20-40 percent. Figure 12.11 shows a working 

slope map produced using these gauges. The 1/2”, 1”, and 2”, shown as strips of 

paper placed perpendicular to the contour lines, indicate percent slope class by 

the number of contour intervals that are counted within their length. In each case 

more than five intervals fit within the gauge strips. 

Slope Mapping Using GIS 

The availability of digital elevation model (DEM) data and GIS have simplified the 

process of producing slope maps. The GIS can measure the relationship of ele- 

vation and horizontal scale (using the same relationship as the preceding equa- 

tions) and produce a slope map. Figure 12.12 shows a slope map of Blacksburg, 

Virginia. Figure 12.12a displays the digital elevation model (DEM) data (see chap- 

ter 10) in meters above sea level, and figure 12.12b gives the derived slope map 

with four slope classes. 

Soil Drainability: On-site Wastewater and Land Application 
of Wastes 

Soil considerations are very important in land disposal and application of wastes. 
Soil drainability is one of the determining characteristics for on-site wastewater 
systems, waste lagoons, waste landfills, and land application of manure fertilizer. 
The latter application also.depends on nutrient uptake by crops determined bya 
nutrient management plan. 

Sanitary landfills for municipal wastes are designed to contain waste materials 
and leached liquids. Therefore, they are designed for zero drainage from the con- 
tained landfill. In the past, this was achieved by using low-permeability compacted 
clay as a landfill lining material, but continuing leaching problems led to federal 
landfill standards requiring artificial liners, leachate removal systems, and 
groundwater monitoring (U.S. EPA, 1993a, 1993b). Despite increased recycling, 
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Digital Elevation Model of Blacksburg 
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Figure 12.12 Elevation Map and Slope Map Using DEM Data and GIS 

composting, and combustion, landfills were still used for 60 percent of municipal 

wastes in 2000 (U.S. EPA, 2002a). 

On-site wastewater or septic systems are used by about 23 percent of the 115 

million homes in the United States from a high of about 55 percent in Vermont to 

a low of 10 percent in California. More than half of these systems are more than 30 

years old. Figure 12.13 shows a conventional on-site system. Main components 

are (1) a septic tank, which removes most settleable and floatable material and 

functions as a anaerobic bioreactor to partially digest retained organic matter and 

(2) a subsurface wastewater infiltration system (SWIS), which uses soils to 

absorb, filter, and biologically process the septic tank effluent that contains patho- 

genic organisms, nitrogen and phosphorus nutrients, and remaining organic mat- 

ter. These systems can work effectively if they are placed in areas with appropriate 

soils and hydraulic capacities; are located appropriate distances from wells and 
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Septic tank Drain Field 

Soil absorption / 

Ground water 

Figure 12.13 Conventional On-Site Wastewater System. Source: U.S. EPA (2002a). 

water bodies; and are properly designed, installed, and maintained (U.S. EPA, 

2002b). However, this is not always the case. 

A 1997 U.S. Census survey estimated that more than 400,000 homes had sep- 

tic system breakdowns during a three-month period in 1997. The EPA estimates 

failure rates at 10-20 percent, not including undetected systems that may be con- 

taminating surface and groundwater. States with highest failure rates include 

Minnesota (50-70%), West Virginia (60%), Louisiana (50%), and Missouri 

(30-50%) (Angoli, 2001; U.S. EPA, 2002b). 

Ineffective and failed septic systems result in contaminated ground and surface 

waters and public health problems. In 1996, the EPA estimated that 500 commu- 

nities had public health problems caused by failed septic systems. Septic systems 

are cited as the third most common source of groundwater contamination. Sys- 

tems contribute to surface water contamination as well, especially where they are 

located close to riparian, lake, and coastal waters. A study of Buttermilk Bay in 

Massachusetts found that 74 percent of the nitrogen entering the Bay came from 

septic systems (U.S. EPA, 2002b). 

Because of the level of use and rates of failure, on-site wastewater septic sys- 

tems are a major environmental problem in urbanizing areas as well as recreation 

areas. In some urbanizing areas, on-site systems were thought of as a temporary 

measure until centralized sewage systems were built. However, high costs of ser- 

vice extension and other factors have made these systems more permanent. As a 

result, public management of these systems has not been effective, and many 

communities have suffered the consequences. 

An effective community management program for on-site systems includes 
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clear program goals, public education, technical guidelines and standards, regular 
monitoring and maintenance, certification of providers, enforcement mecha- 
nisms, funding mechanisms, and program evaluation (U.S. EPA, 2002b). 

Proper siting and design of new conventional systems requires an estimate of 
wastewater flow and a site and soils assessment. Soils must provide sufficient per- 
meability and hydraulic capacity and depth to bedrock and water table. Other 
important characteristics include topography, surface drainage, vegetation, and 
proximity to surface waters, wells, wetlands, rock outcrops, and property lines. Soil 
investigations usually employ test pits or borings to determine soil depth, horizons, 
texture, structure, color, consistence, and redoximorphic features. Redoximor- 
phic features are iron modules and mottles that form in seasonally saturated soils, 
which obviously are not good for absorption fields. 

Finally, soil investigation measures infiltration, or the rate water is accepted by 

the soil, and hydraulic conductivity, or the rate water is transmitted through the 

soil. These are difficult to measure. The long-used percolation test measures the 

rate at which water drops in a two-foot square hole (see box 12.1). However, the 

test is flawed primarily because it is a snapshot in time, and it has been replaced by 

detailed descriptions of the soil profile that indicate longer-term conditions (U.S. 

EPA, 2002b). 

Improved designs and new technologies have enhanced the effectiveness and 

longevity of on-site systems. These include redundant or reserve drainfields, 

sand/media filters, enhanced nutrient removal, sequenced batch reactors, disin- 

fection, and others (see U.S. EPA, 2002b). Decentralized community-scaled sys- 

tems offer an attractive alternative to both on-site systems and centralized sewers 

(English and Yaeger, 2002; U.S. EPA, 2000). 

Agricultural Lands and Land Evaluation and Site Assessment 

The conversion of prime agricultural lands to nonagricultural uses such as high- 

ways and suburban development has been an issue of concern for three decades. 

The USDA developed the land evaluation and site assessment (LESA) system to 

help planners determine the value of agricultural lands so that it could be consid- 

ered in land planning decisions. Before discussing LESA, the following section 

introduces the agricultural land conversion process. 

Agricultural Land Conversion 

Although conversion of agricultural land may result in a higher economic return 

from the land, at least in the short term, it can also irreversibly remove from agri- 

culture highly productive soils that have taken centuries to develop. In many 

areas, agricultural land use is an important contribution to the local economy and 

to the agrarian character that many communities would like to maintain. 

Prime farmland is rural land with the best combination of physical and 

chemical characteristics for producing food, feed, forage, fiber, and oilseed crops 

and is available for these uses. It has USDA capability class 1 or 2 soils (box 12.2). 
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In the United States, prime farmland is 64 percent cropland, 15 percent forest- 

land, 11 percent pastureland, and 6 percent rangeland. The rest is other rural land 

not in production. The biggest concentration of prime farmland is in the belt of 

four midwestern states (Ohio, Indiana, Illinois, and Iowa), in which more than 

half the nonfederal rural land is prime farmland (USDA, 2001b). 

The National Resources Inventory (NRI) documents land use change in the 

United States every five years. The latest report covers the period 1992-1997 

(USDA, 2001b). The estimated 331.8 million acres of prime farmland in 1997 was 

down 10 million acres from the 1982 total—including some 4.7 million prime 

farmland acres converted to urban and rural development. Forestland and culti- 

vated cropland made up more than 60 percent of the 111.6 million acres con- 

verted to development between 1982 and 1997. Between 1992 and 1997, 645,000 

acres per year of prime farmland was converted to development uses. In the latest 

15 years, 30 percent of newly developed land was converted from prime farmland 

(USDA, 2001b). 

In response to these trends, several states and localities in the United States 

have devised programs to preserve agricultural lands. These programs range from 

tax incentives and regulations to the purchase or transfer of development rights. 

Specific programs are discussed in chapters 5, 7, and 8. A first step for planners, 

however, is to assess farmlands to see what areas are most suitable for retention in 

agricultural use and which may be more suitable for development. 

Land Evaluation and Site Assessment 

In response to the Farmlands Protection Act of 1981, the SCS (now NRCS) devel- 

oped the LESA system to help planners judge the relative agricultural suitability of 

lands near urban areas (USDA, SCS, 1983). County planners throughout the 

country have implemented the procedure. It involves two parts: first, the Land 

Evaluation (LE) rates the soils of the area, usually a county, for cropland; sec- 

ond, the Site Assessment (SA) identifies factors other than soils that are impor- 

tant to the quality of a site for agricultural use and rates specific sites based on 

those factors. Variations of the system can also be used to evaluate forestland and 

rangeland. Implementing the LESA system requires first establishing the rules of 

the system and, second, applying the system to individual sites. 

Establishing the LESA System in a County 

Although some states have developed statewide LESA programs, most applications 
are in individual counties. Since a number of subjective decisions are required to 
establish the system’s rules, the procedure calls for a local LESA committee repre- 
senting different agricultural, conservation, and development interests. 

The first part of the system, the Land Evaluation (LE), involves an inter- 
pretation of information in the county soil survey. The LE rates 10 groupings of 
soil series based on their productivity or potential for growing an indicator crop 
selected by the LESA committee. The indicator crop is usually the most impor- 
tant crop in the county. Soil productivity indicates the expected yield for the indi- 
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TABLE 12.6 LESA Worksheet #2 for Mont 
Relative LE Values 

LE Group 

— SCOONOOAKBRWN He 

Land 

Capability Farmland Potential 

Class 

2e/2w 

2e/2w 

2e/3e 

3e/3w 

2e/3e/4w 

3e/3s 

3e 

4e 

4e 
6e/6s/7s 

Important Soil 

Acres Percentage Relative 

gomery County (VA): Land Evaluation Groups and 

Class Index Soil Map Units in County of County Value 

Prime~” 100 28, 30B, 16B, 12B, 20B 10,105 3.9 100 
Prime 84-96 13B, 15B, 19B, 33 7,695 3.0 90 
Statewide 81-92 11B, 12C, 15C, 21C, 30C 11,881 4.6 87 
Statewide 69-77 11C, 13C, 14, 17C, 31C 12,676 4.9 74 
Local 61-76 2B, 25, 2C 2 lean 4.7 64 
Local 48-57 1C, 26C, 10 11,102 4.3 oD 
Statewide 45-53 22C, 16C 9,964 3.8 47 
Statewide 21-33 30D, 15D, 16D, 13D 12,668 4.9 22 

Local 13-17 9C, 3D, 26D 10,290 4.0 16 

— —  3E, 4E, 5D, 6E, 7D, 8D, 8E, 9D, 61.8 0 

29, 16E, 18B, 18C, 18D, 23C, 24D, 

26E, 27E, 32B, 32C, 32D, 34E 

cator crop under a high level of management; soil potential adjusts the produc- 

tivity by considering the costs of measures to overcome capability limitations 

such as erosion or wetness and the continuing limitations after measures are 

taken. The soil groupings are also influenced by the USDA Land Capability clas- 

sification (the 1-8 rating described in box 12.2) and an “important farmland” 

classification. This latter rating includes four categories (prime, statewide 

importance, local importance, and other) and can emphasize the importance of 

certain farmlands or uses regardless of their soil types, such as for specialty 

crops or animal production. 

Given the indicator crop, NRCS offices will usually provide counties with the LE 

groupings. In a worksheet, NRCS groups all soil map units according to their Land 

Capability classification, important farmland designation, yield of the indicator crop 

in tons per acre (as given in the soil survey tables; see “table 6” in table 12.2), and 

productivity index. The index simply normalizes the yields to a 0-100 scale where 

100 corresponds to the yield of the highest yield soils. Each of these ratings can affect 

the group into which the map unit is placed. Worksheet #2 (table 12.6) summarizes 

this information and computes a relative value for each group, from 0 to 100. 

The LE thus provides a fairly objective means for assigning agricultural value 

on a 0-100 scale to the soils of the county. The 50 or so soil series and map units 

are aggregated to 10 groups of common agricultural capability for growing a spe- 

cific indicator crop. 

However, the suitability of land for agricultural use also depends on factors 

other than soils. The Site Assessment (SA) portion of LESA investigates these 

nonsoil factors that contribute to the suitability of specific parcels for retention in 

agricultural use. The procedure calls for a sum-of-weighted-factors approach. As 

A & 
3S he 
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TABLE 12.7. Site Assessment Factors, Scoring, Weights (W) and 

Adjusted Weights (AW) for Montgomery County (VA) 

1. Percent of Area in Agriculture Within Ww AW 

Radius of the Property Boundary 

10 95-100% Opava ee! 

8 75-95% 

6 50-75% 

4 24-50% 

2 10-25% 

0 0-10% 

2. Land Use Adjacent to Site 

10 All sides of Site in Agriculture a7 tals 

8 One Side of Site Adjacent to Non-agricultural Land 

5 Two Sides of Site Adjacent to Non-agricultural Land 

2 Three Sides of Site Adjacent to Non-agricultural Land 

0 Site Surrounded by Nonagricultural Land 

3. Zoning 

10 Site and All Surrounding Sides Zoned for Agricultural Use ea 

8 Site and Three Sides Zoned for Agricultural Use 

5 Site and Two Sides Zoned for Agricultural Use 

2 Site and One Side Zoned for Agricultural Use 

0 Site Zoned for Nonagricultural Use and/or Site Zoned on all Sides 

for Non-agricultural Use 

4. Availability of Less Productive Land 

10 More Than 2/3 of the Land Within a 2 Mile Travel Distanceis Less 8 2.1 

Productive 

5 1/3 to 2/3 of the Land Within a 2 Mile Travel Distance is Less 

- Productive 

0 Less than 1/3 of the Land Within a 2 Mile Travel Distance is Less 

Productive 

5. Compatibility With Comprehensive Plan 

10 Agriculture Use Compatible With Plan we | 

0 Agriculture Use Incompatible With Plan 

6. Central Water Distribution System 

10 No Public Water Within 1 Mile 6 16 

7 Public Water Within 2,000 Feet 

4 Public Water Within 500 Feet 

0 Public Water at or Adjacent to Site 

7. Central Sanitary Sewerage System 

10 No Public Sewer Line Within 1 Mile G6 1:6 
7 Public Sewer Line Within 2,000 Feet 

4 Public Sewer Line Within 500 Feet 

0 Public Sewer Line at or Adjacent to Site 

8. Transportation 

10 Site Access to Unimproved Road 4° 0 
5 Site Access to Secondary Road 

0 Site Access to Primary Road 
nn eee WS 
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TABLE 12.7 (Continued) Site Assessment Factors, Scoring, Weights (W) 
and Adjusted Weights (AW) for Montgomery County (VA) 

9. Compatibility of Proposed Use With WwW AW 
Surrounding Existing Land Use 

10 Incompatibility co aA | 
0. Compatibility 

10. Site in Agricultural & Forestal District AFD 
10 In AFD a) 13 
0 Not in AFD 

11. Soil Conservation District Plan Filed 

10 Active Plan eles 

5 Inactive Plan 

0 No Plan 

12. Family Farm Value 

10 Three or More Generations 8) ils) 

5 Two Generations 

O One Generation 

discussed in chapter 2, the determination and evaluation of the factors using this 

approach is a value-laden process. It requires broad local participation to be fair in 

the eyes of local citizens and to be responsive to local, areawide, and national 

needs. Therefore, the procedure calls for the local LESA committee to determine 

and weigh the factors to be used in the site assessment, thus establishing the 

“rules” of the process. 

An example of these rules, that is, the factors and weights, is shown in table 

12.7. Given are 12 factors selected by the LESA committee in Montgomery 

County, Virginia. They range from “percentage of land in agriculture within 1/2 

mile” of the site to “zoning” for the site to “central sewerage system availabil- 

ity’—each has some bearing on the suitability of the site for agriculture and 

alternative uses. Each factor has a maximum score of 10 and an assigned weight 

between 1 and 10 (in this case between 4 and 8). Multiplying the maximum 

score for each factor by its weight and summing the products yields a total maxi- 

mum points (770). Because the procedure calls for a maximum SA score of 200, 

the weights are adjusted by multiplying by 0.26 (or 200/770). Multiplying the 

adjusted weights (e.g., 2.1 instead of 8) by the maximum scores for each factor 

and summing the products will yield the desired maximum total of 200. Individ- 

ual sites can then be assessed by assigning the site values for these factors; asum 

of the products of these factor values times their adjusted weights will give a total 

site assessment value between 0 and 200. 

A total LESA score combines the LE and SA scores for a value between 0 and 

300. Normally, the committee will determine a “cut-off” score, for example 200, 

which roughly separates higher and lower suitability agricultural sites. 
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Applying LESA to Specific Sites 

Once the rules of the LESA procedure are established, it can be applied to specific 

parcels of land. Tables 12.8 and 12.9 and figure 12.14 illustrate the process. The land 

evaluation component assigns to each soil map unit on the site, the LE value (0-100) 

for the agricultural soil group that includes that series. Based on the acreage of each 

map unit, an average land evaluation value is computed for the site. The example in 

table 12.8 gives the LE value of 67. Recall that the best soils in that county for pro- 

ducing corn (the LESA committee’s choice as the indicator crop) are rated 100. 

The SA table shown in table 12.9 gives the 12 factors and their adjusted impor- 

tance weights chosen by the committee in table 12.7. The product of the factor rat- 

6 

SOIL 
TYPES 

ROSS SOILS 
£27] HAYTER LOAM 
fa WEAVER SOILS 
EA GUERNSEY SILT LOAM 

CRAIGSVILLE SOILS 
E=| MCGARY & PURDY SOILS 
[_] BERKS-LOWELL-RAYNE COMPLEX 
[TI] UNISON & BRADDOCK SOILS 
I] UNISON & BRADDOCK CHANEYVILLE-OPEQUON-ROCK 

COBBLY SOILS my OUTCROP COMPLEX 

0 1320’ 

eae 12.14 Soil Types, Whitehorne Site. Source: Montgomery County Planning Department 
84). 
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TABLE 12.8 Land Evaluation for Whitethorne 

Map Unit Soil Name Slope Acres Agricultural Group Ss TS NS ENS en Eee a a ey by ee ik ad pine ies 

30B Unison and Braddock Soils 2-7% 64.2 1 
30C Unison and Braddock Soils 7-15% 128.4 3 
30D Unison and Braddock Soils 15-25% 124.0 8 
19B Guernsey Silt’Loam 2-7% 125.6 2 
siC Unison and Braddock Cobbly Soils ; 7-15% 101.8 4 
28 Ross Soils 0-2% 27.8 1 
33 Weaver Soils 0-2% 21.3 2 
25 McGary and Purdy Soils ; 0-2% 13.3 5 
10 Craigsville Soils 0-2% 21.6 6 
20B Hayter Loam 2-7% 47.1 1 
3E _ Berks-Lowell-Rayne Complex 25-65% 25.6 10 
8E Caneyville-Opaquon-Rock Outcrop Complex 25-65% 59.1 10 

Map Unit Agricultural Group Relative Value Acres Acres % Relative Value 

30B 1 100 64.2 6,420.0 

30C 3 87 128.4 11,170.8 
30D 8 22 124.0 2,728.0 

19B 2 90 125.6 11,304.0 
31C 4 74 101.8 7,533.2 

28 IF 100 27.8 2,780.0 

33 2 90 213 1,917.0 
25 5 64 SHS) 2WtS2e2 

10 6 55 21.6 1,188.0 

20B 1 100 47.1 4,710.0 
3E 10 0 25.6 0.0 

8E 10 0 _55.1 eee O10 

775.8 51,883.2 

Land Evaluation average relative site value = 51.883 + 775.8 = 67.0 

ings (0-10) given to the site and the adjusted weights gives the “adjusted weights 

assigned points,” which are summed to give the total SA score. This site has a 

value of 130.2. Recall that the maximum value is 200. The LE value of 67 and the 

SA value of 130.2 combine to give a LESA total of 197.2 on the 300-point scale 

(Montgomery County, 1984). 

In some cases, counties will determine only LE scores for sites simply to provide 

an evaluation of agricultural capability. Indeed, the SA portion of the procedure has 

been looked upon by some counties as too subjective and potentially controversial. 

Use and Critique of LESA 

The implementation of LESA for agricultural lands by rural and urbanizing coun- 

ties has increased steadily since it was established in the mid-1980s. Applications 

have included the following: 
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TABLE 12.9 Site Assessment for Whitethorne 

Adjusted 

Weight 

Assigned Adjusted Assigned 

Factor Points Weight Points 
RRRE, 9 oS Se Be eet OS Sot Oh ee ee ee ee eee 

1. % of Area in Agriculture 6 1.8 10.8 

2. Land Use Adjacent to Site 8 . 1.8 14.4 

3. Zoning 0 2.1 0.0 

4. Availability of Less Productive Land 10 2.1 21.0 

5. Compatibility with Comprehensive Plan 10 al 21.0 

6. Central Water 10 1.6 16.0 

7. Central Sewer 10 1.6 16.0 

8. Transportation 10 1.0 10.0 

9. Compatibility with Existing Surrounding Land Use 10 2.4 21.0 

10. AFU 0 dal 0.0 

11. Soil Conservation Plan 0 1A 0.0 

12. Family Farm Value 0 1.3 __ 0.0 

Site assessment value 130.2 

Total LESA score = 67.0 + 130.2 = 197.2 

» Evaluating rezoning and other development applications for sites cur- 

rently zoned for agriculture 

=» Impact assessment 

» Prioritizing or qualifying sites for inclusion in land protection programs 

such as agricultural districts, agricultural zones, development rights 

transfer or purchase areas, and so on 

=» Comprehensive land use plans: where community growth should be 

encouraged and discouraged 

A survey by Coughlin et al. (1994) indicated the level of use and applications of 

LESA in its first decade. More than 212 state and local jurisdictions were using 

LESA by 1990. Most of the use was in the eastern and southern states. Popular 

applications include zoning, impact assessment, agricultural districting and devel- 

opment rights programs, and lending. 

Since LESA has become the basic planning tool for evaluating agricultural 

lands throughout the country, some comments on its strengths and weaknesses 

are appropriate. In terms of strengths, LESA goes well beyond previous measures 

of agricultural land value (e.g., land capability classes) by incorporating nonsoil 

factors. LESA is designed to be flexible so that individual counties can tailor key 

factors in the process (i.e., indicator crop, SA factors and weights) to meet the 

county’s needs and perceptions. Although the nature of the sum-of-weighted- 
factors process is value-laden (e.g., what is an appropriate indicator crop, what are 
the appropriate weights to assign to SA factors), the values are chosen by a com- 

mittee of members representing diverse interests in the community. 

With regard to weaknesses, LESA is fairly complex, requiring a good deal of 
time and effort on the part of the county and the committee to establish the rules 
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of the process. However, once the rules are established, applying the procedure to 
individual sites is straightforward, requiring perhaps one-half of a person-day per 
site. Some have questioned the relative values assigned by the LESA procedure to 
soil (100) and nonsoil (200) factors; in many cases, they argue, soil factors should 
be given greater weight. Although LESA is designed to be flexible, flexibility may 
lead to misuse of the procedures. Preconceived notions, even existing programs 
for land protection, can bias the choice of factors to justify those notions or pro- 
grams. Finally, whereas flexibility may serve individual counties, it does not serve 
regional or statewide interests since LESA values from one county cannot be com- 

pared with another. Some states have had to develop a statewide LESA system, 

separate from the county system, that allows comparative values for setting priori- 

ties for state farmland protection programs. 

Urban Soils 

Soils in urban areas do not receive the attention that agricultural soils do, but 

urban soils are important for urban forestry, landscaping, land development, and 

erosion and sediment control. As discussed earlier, soil strength and stability are 

important considerations for building and road construction. In addition, many of 

the same factors affecting agricultural land use are important for vegetation in 

urban areas, including urban woodlands, parklands, street boulevard trees, ripar- 

ian buffers, and community gardens. This section describes common urban soil 

problems and remediation measures. Erosion and sediment control for urban land 

development and construction is discussed in the next section. 

The following list shows common urban soil problems (USDA, Forest Service, 

Southern Region, 2001). A common concern is soil compaction that affects root 

growth and drainage on parklands, recreation fields, and landscaping, especially 

tree propagation in central urban areas dominated by impervious surfaces (Craul, 

1999). Signs of soil compaction include very hard soil, standing water, excessive 

runoff, high bulk density, or poor plant growth. Compacted soil often behaves like 

impervious surfaces, inhibiting water infiltration and exacerbating runoff. 

Urban Soil Problems 

= Soil compaction: Increased bulk density caused by any weight on land 

surface, such as construction equipment, vehicles, and pedestrians. 

Compaction inhibits drainage, aeration, and root growth. Compacted soil 

often behaves like impervious surfaces, concrete or asphalt. 

= Impervious surfaces: Surfaces like roads and parking lots interrupt 

exchange of gases, alter drainage, and increase soil temperature. 

= Soil erosion and stream sedimentation: Land development and construc- 

tion removes vegetative cover and disrupts natural hydrology, creating 

short- and long-term erosion and sedimentation problems. 

» Moving soils: Moving soil through grading and clearing eliminates topsoil, 

increases erosion, and affects drainage and aeration. 
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= Soil contamination: Chemical spills, waste dumping, excessive fertilizer 

and pesticide use, and runoff pollution contaminate soils. 

= Fill dirt: Use of fill dirt affects drainage, aeration, and compaction. 

Compaction can be prevented by avoiding wet areas, limiting travel routes and 

parking, and applying mulch. For new planting sites, soil compaction problems can 

be resolved by tilling and mixing soil and mulching. For existing planted sites 

where tilling is not possible, core aeration, vertical mulching, and radial trenching 

can reduce soil compaction. 

Urban soils are also subject to contamination by petroleum products from 

surface runoff and leaking underground storage tanks, heavy metals, and other 

chemicals, including excessive use of pesticides. One of the biggest challenges 

for brownfields redevelopment in urban areas is contaminated soils. Restora- 

tion of urban soils can improve conditions, reduce impacts, and enhance pro- 

ductivity. Phytoremediation uses green plants to remove contaminants from 

soils. It is especially effective in removing heavy metals (U.S. EPA, 1998). Aera- 

tion methods can help relieve compaction of heavily used areas like recreation 

fields and lawns. Soils for community gardens and landscaping can be improved 

by adding organic materials like compost to reduce density, diversify texture, 

and enhance fertility. 

Soil Erosion and Assessment 

Soil erosion is a worldwide problem caused by wind or water and is accelerated by 

the removal of vegetation. Erosion threatens agricultural production capacity and. 

is the major source of damaging sediment in rivers, lakes, and estuaries. Figure 

12.15 from the National Resources Inventory (USDA, 2000) shows wind and 

sheet and rill erosion estimates declined from 3.1 billion tons per year in 1982 to 

1.9 billion tons in 1997. Most of this reduction came from a drop in erosion on 

highly erodible land (HEL), much of which was taken out of production by the fed- 

eral Conservation Reserve Program (CRP). Under this program, farmers are paid 

a benefit not to farm highly erodible lands (see chapter 5). 

Revised Universal Soil Loss Equation, Erodibility Index, 
and Highly Erodible Lands 

The basis for most assessment of soil erosion is the Universal Soil Loss Equation 
(USLE), which was developed by W. H. Wischmeier and D. D. Smith (1960) from 
decades of data measured on experimental agricultural plots in several states. In 
the early 1990s, the USLE was revised (RUSLE), fine-tuning some of the param- 
eter values and improving applications on nonagricultural lands. 

The RUSLE calculates the expected annual potential soil loss per acre, based on 
rainfall pattern, soil composition, vegetative cover, slope, and conservation practices: 
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4.50 Total = 3.07 Total = 2.92 Includes erosion on both 
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Figure 12.15 NRI Estimate of Erosion Soil Loss, 1982 to 1997. Source: USDA (2001a) 

A=KxRxCxLSxP 

where A=average annual soil loss in tons per acre 

K = soil-erodibility factor 

R=rainfall erosion index 

C =crop management or plant cover factor 

LS =slope geometry, based on steepness and length 

P = conservation practice factors 

The erodibility factor (K), rainfall index (R), and slope geometry (LS) (except 

for contouring) are based on the inherent site conditions. Plant cover (C) and con- 

servation practices (P) are based on management of the site. 

= Values for K can be estimated based on textural class and organic content 

from table 12.10, but values given for specific series in soil surveys are 

more accurate. 

= Values for R can be obtained from figure 12.17. 

= Given values for slope length and percent slope, LS values can be deter- 

mined from figure 12.16. 

= Values for plant cover (C) and conservation practices (P) depend on site 

conditions and land management. The C factor is the ratio of soil loss for 

given conditions to soil loss from a cultivated fallow field. For cropland, 

the determination of C is complicated by crop stage and crop manage- 
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ment practices (e.g. conservation tillage, winter seeding, etc.). General- 

ized C values are given table 12.11. 

= Agricultural practices other than crop management can conserve soil and 

are reflected in the P value. If there are no conservation practices, P is 

1.0. P values are given in table 12.12 for three conservation practices. 

The Erodibility Index (EI), is defined by the inherent erosion properties of the 

site (K, R, and LS), and a tolerance (T) value of soil loss, usually 3-5 tons per acre. 

K and T values are given in soil surveys (see “table 15” in table 12.2). 

Erodibility Index (El) = KXRX LS 

ll 

where _ T= Erosion Tolerance (usually 3-5 tons per acre) 

Highly erodible lands (HEL) are defined as lands with EI greater than 8. The 

CRP provides benefits to farmers to keep certain lands out of production. Since the 

early 1980s the program has focused on HEL, and thousands of these areas have 

been taken out of cultivation (CRP is also discussed in chapter 5). This is a main 

reason for the significant reduction in soil erosion from 1982 to 1997 estimated by 

the NRI (figure 12.15). 

Example of RUSLE, El, and HEL Calculations 

Compare the expected erosion in tons per year from a 10-acre site with a 

6 percent, 220-foot slope and 2 percent organic silt loam soil, in south- 

central Illinois, before and after the grass and weed cover is cultivated and 

laid fallow. Assume no conservation practices and T = 5. What is the erosion 

per year before and after cultivation? What is the land’s EI? Is it HEL? 

TABLE 12.10 K, Soil-Erodibility Factor Values 

Organic Matter (%) 

Textural Class 0.5 2 4 

Fine sand 0.16 0.14 0.10 
Very fine sand 0.42 0.36 0.28 
Loamy sand OT 0.10 0.08 
Loamy very fine sand 0.44 0.38 0.30 
Sandy loam O27 0.24 0.19 
Very fine sandy loam 0.47 0.41 0.33 
Silt loam 0.48 0.42 0.33 
Clay loam 0.28 0.25 0.21 
Silty clay loam 0.37 0:32 0.26 
Silty clay 0.25 0.23 0.19 

See soil survey for more accurate values 
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Figure 12.16 Slope Effect Chart for Topographic Factor, LS. Source: Urban Soils by Philip Craul, 
copyright © 1999, John Wiley and Sons. Reprinted with permission of John Wiley and Sons, 

Inc. 

Figure 12.17 Rainfall Factor, R, for the Eastern United States. Source: Urban Soils by Philip 

Craul, copyright © 1999, John Wiley and Sons. Reprinted with permission of John Wiley and 

Sons, Inc. 
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TABLE 12.11 C, Land Cover Values 

Cropland 

Cultivated, fallow field 1.0 

Corn seedbed, after plowing : 0.60 

Corn grain, fall plow w/residue 0.33 

Pasture, Range 

Established grass, legume meadow 0.004 

Meadow, two months after seeding is 0.05 

Grass, weeds (80% cover) 0.013 

Undisturbed Forest 

75-100% canopy, 90—100% litter 0.0001-0.001 

45-70% canopy, 75-85% litter 0.002—0.004 

20-40% canopy, 40-70% litter 0.005—0.009 

Construction Sites 

No mulch 1.0 

Straw/hay: tons/acres (t/a) 

1.0 t/a (<10% slope) 0.2 

2.0 t/a (<16% slope) 0.06 

(16-20% slope) 0.11 

(>35% slope) 0.20 

Crushed stone 

135t/a _ 0.05 

240 t/a 0.02 

Wood chips 

7 t/a 0.08 

12 t/a 0.05 
25 t/a 0.02 

Solution: 

k=0.42 (table 12.10); R=200 (figure 12.17); LS'= 1.0 (figure 12.16); 

C (before) =0.013 (table 12.11); C (after) = 1.0; P=1.0 

» 

A=KxRxLSxCxP=0.42 x 200 x 1.0 x 0.013 x 1.0 = 1.092 T/ac x 10 ac= 

10.9 tons per year before cultivation 

A=KxRxLSxCxP=0.42 x 200 x 1.0 x 1.0 x 1.0 = 84.0 T/ac x 10 ac= 

840 tons per year after cultivation 

El=(Kx Rx LS)/T = 0.42 x 200 x 1.0/5.0= 16.8 

Yes, this is HEL. 

Although the USLE was developed and is primarily used for erosion potential 
from cropland, it has been applied to other land uses that disturb soil cover such as 
rangeland, construction, and recreation. The RUSLE has improved its application 
to construction sites, mined lands, reclaimed lands, and other highly disturbed 
sites (Toy and Foster, 1998; USDA, NRCS, 2000). 
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TABLE 12.12 P, Conservation Practice Values 

P, Contouring P, Strip P Terracing 

Percent Slope (%) (max. slope length in m) Cropping and Contouring 

Parallel to Field 0.8 — — 

Vi=2 0.6 (150) 0.30 _ 

2.1+7 0.5 (100) 0.25 0.10 

7.1-12 0.6 (60) 0.30 0.12 

12.1-18 0.8 (20) 0.40 0.16 

18.1-24 0.9 (18) 0.45 = 

Improvements and further applications continue. The USDA National Sedi- 

mentation Laboratory has developed analytical software for use of RUSLE (ver- 

sion 1.06b released January 2001) (http://www.sedlab.olemiss.edu/rusle). The 

RUSLE 2 is a more advanced Windows-based version released in summer 2001 

(http://www.bioengr.ag.utk.edu/rusle2). Michigan State University provides a nice 

online interactive RUSLE for use with Michigan soils (http://www.iwr. 

msu.edu/~ouyangda/rusle). Finally, the Water Erosion Prediction Project 

(WEPP) is a simulation model that provides more detailed assessment than RUSLE 

at both field and watershed scales (http://topsoil.nserl.purdue.edu/nserlweb/ 

weppmain/wepp.html). 

Mitigating Soil Erosion from Agricultural Lands 

Box 12.4 gives a number of control practices that can reduce soil erosion and sed- 

imentation for different activities. Figure 12.18 illustrates some of these mea- 

BOX 12.4 — Erosion and Sedimentation Practices for Various 

Land-Disturbing Activities 

Crop Production Mining 

Conservation tillage, contour and/or strip Bench drainage, toe berms 

cropping Filter strips 

Cover and green manure cropping Revegetation 

ning Check dams 
Stream protection 

Pasture and Grazing 

Fencing for grazing management Construction 
Streambank protection (see chapter 14) Site design (see chapter 14) 

Filter strips, buffers (see chapters 14,16) — Minimize extent of area exposed at one time 

Mulching 

Forest Products Harvesting _ Filter strips, buffers Gee chapters 14, 16) 

Sediment barriers 
Filter strips, buffers 

Revegetation Road and trail access system design 

Revegetation 
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Figure 12.18 Agricultural Erosion Control. : ts 
e Tillage, seeding, fertility, pest management, and harvest operations should consider soil properties and topography 

in water and soil conservation and management. 
¢ Grazing land management should protect environmental attributes, including native species protection, while achiev- 

ing optimum, long-term resource use. Livestock exclusion and management with fencing reduces overgrazing and 
protects stream corridors, controlling both sheet and streambank and channel erosion (see A & B on figures). 

¢ Where crops are raised and the land class allows, pastures should be managed with crop rotation sequences to provide 
vigorous forage cover while building soil and protecting water and wildlife qualities. 

¢ Farm woodlots, wetlands, and field borders should be part of an overall farm plan that conserves, protects, and 

enhances native plants and animals, soil, water, and scenic qualities (C). 

¢ Erosion control measures include: contour farming (D), conservation tillage, terracing (E), critical area planting, sedi- 
ment basins, and filter strips (F). 

Source: FISRWG (1998). 
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BOX 12.5—Erosion and Sediment Control Principles and Planning 

Design Phase b. Sediment control (sediment filters, 

1. Evaluate the site: topography, drainage, veg- basins) 
etation, soils, rainfall patterns. c. Runoff control (diversion, check dams) 

2. Divide the site into the natural drainage 
eee — Construction Phase 

3. Plan the development to fit the site. 7. Temporary structure practices 
4. Determine limits of clearing and grading. ~ a. Erosion control blankets 

Divide the project into smaller phases, clear- b. Straw bale dike 

ing small amounts of vegetation at a time. c. Silt fence 

5. Divert water from disturbed areas, minimize d. Temporary swale 

length and steepness of slopes, avoid soil e. Many others 

compaction by restricting heavy equipment 

to limited areas. Operation Phase 
6. Select temporary and permanent erosion 8. Maintain installed E&S practices (e.g., vege- 

and sediment control practices. . tative cover, diversion works, detention basins). 

a. Soil stabilization (soil cover: vegetative Sources: USDA, NRCS, 2000; Craul, 1999. 
and nonvegetative covers) 

sures. The practices involve retaining or establishing a vegetative or other cover to 

the land, slowing runoff and filtering sediment, protecting streambanks, and care- 

fully planning and designing the land disturbing activity. Erosion and sediment 

control from urban construction is discussed in the next section. Runoff control is 

discussed at length in chapter 14. 

Urban Erosion and Sediment Control 

Construction grading and filling removes vegetation and leads to erosion. In fact, 

studies of urban construction projects have shown they can produce a soil loss of 

2.18 tons/acre compared with 5-20 tons/acre and less than 1 ton/acre for forest- 

land (Craul, 1999). Such projects produce impervious surfaces on roads, parking 

lots, and the building footprint, taking soils out of use. However, exposure of 

unvegetated soil during construction, disruption of drainage patterns, and the 

impervious surfaces that increase runoff all contribute to removal of eroded soil 

from the site and off-site deposition of sediments in receiving waters. Sediment 

reduces water quality, increasing turbidity and nutrients, and lowering flow capac- 

ity. As a result, most states and localities implement erosion and sediment (E&S) 

control regulations for land construction and development. 

The regulations often require temporary measures during construction as well 

as long-term design measures to control erosion and runoff. Before construction 

begins, the owner or contractor must prepare an erosion and sediment control 

plan incorporating E&S principles into the development design, construction, and 

operation (see box 12.5). 
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TABLE 12.13 Effects of Management Practices on Controlling Erosion 

on a Road Bank using RUSLE 

Site Conditions \ 

Soil Loss from Sediment Yield at 

Ist 6 mo 2nd 6 mo Road Bank (t/a/y) Base of Slope (t/a/y) 

Bare Bare : 400 . % 400 

Bare Bare, Silt Fence 400 250 

Bare Mulch, Seeded 140 140 

Bare Sod Diversion 40 5 

Assumptions: roadside cut, 100 ft. long at 30% gradient; site disturbed March—June; soil loss 

and sediment yield during a single construction season; soil is silt loam; silt fence is placed at 

base of slope; diversion placed in middle of slope. (NRCS, 2000; Toy & Foster, 1998) 

TABLE 12.14 Effectiveness of Groundcovers in Reducing Runoff and 
Erosion for a Single Rain Event 

Percentage Percentage of 

Soil. __ of Rainfall Ground Cover 

Material Loss (t/a) Runoff Established 

Bare soil w/partial cover 2.97 83 50 

Woven mesh 0.18 68 61 

Wood shavens in nonwoven polyester netting 0.36 74 69 

Coconut fiber mat 0.48 76 58 

Straw (2 t/a) 0.26 60 76 

Grass sod 0.04 28 NA 

Simulated rain event: 3.78 in/h; location: Univ. of MD research facilty; soil: loamy sand, sandy 

clay loam; % cover established one year after Kentucky 31 fescue grass seeded and covered by 
material (NRCS, 2000; Brady & Weil, 1999) 

Good erosion and sediment control planning can avoid considerable problems 

and costs later in the process. Key considerations are topography, drainage ways, 

soils, and natural vegetation. A combination of slope gradient and length pose ero- 

sion hazards. Generally, slopes of 0-7 percent pose low erosion hazard (unless 
greater than 300 feet); 7-15 percent pose a moderate hazard (unless greater than 

150 feet); and greater than 15 percent poses a high erosion hazard. 

Erosion and sediment control practices include three types of measures: 

= Soil stabilization: vegetation stabilization, top-soiling, erosion control 

matting, mulching, and tree protection. 

» Runoff control: reduction, diversion, detention, infiltration (see 

chapter 14). 
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BOX 12.6—Example of Erosion and Sediment Control Project 

as Grassed diversion swale is constructed above 

the hillside cut for the building. It will drain 

in opposite directions. 

. The cut made for the building is stabilized 

with grasses and other slope erosion control 
measures. ce 

. Clearing of the forest and grass vegetation is 

done only where construction is necessary. 

Remaining vegetation is maintained. 

. Pond is constructed on the lower terrace nest 

to No Name Brook before land clearing 
_ begins for the cut slope, building pad, and 

parking lot. It is a permanent sediment and 

runoff control basin during and after con- 

struction. : 
. Bridge is built over No Name Brook. Filter 

strips are placed around the abutment areas 

_ to prevent siltation of the fill. The abutments 

are stabilized after construction with grasses 

and erosion control blankets. 

. Agrassed diversion swale is constructed 

above the proposed cut for the access road. 

It drains into No Name Brook well above the 

bridge abutment to minimize erosion at the 

abutment. 

. The access road entrance is stabilized so that 

sediment does not enter the lateral ditches 

for Sweet Road and Pine Creek. 

The development superimposed on the physical site. 
For numbered elements consult list to the left. The 
dark lines represent original contours; the lighter lines 
represent modified contour lines. 

8. A filter fence is constructed along the access 

road and parallel to Pine Creek to prevent 

sediment from entering Pine Creek. 

Source: Urban Soils by Philip Craul, copyright 

© 1999, John Wiley and Sons. Reprinted with 

permission of John Wiley and Sons, Inc. 

= Sediment control: vegetated buffers, sediment catchments, sediment 

traps. The amount of sediment removed depends on the speed of water, 

the time water is detained, and the size of the sediment particles. 

The RUSLE and empirical studies provide useful data on different erosion and 

sediment control practices. Table 12.13 shows the effects of different practices on 

soil loss and sediment yield from a 100-foot, 30 percent slope road side cut in 

Nashville, Tennessee. Because of difference in R value, soil loss and sediment 

yields would be 35 percent and 80 percent less in Chicago and Denver, respectively. 

Table 12.14 shows the effectiveness of different ground covers in reducing runoff 

and erosion. Straw cover applied at 2 tons per acre can reduce soil loss by 90 percent 

and runoff by 20 percent and increase ground cover after one year by 50 percent. 

Box 12.6 illustrates an erosion and sediment control project. The construction of 

the building, access road, and parking lot has potential impact on sedimentation of 
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Pine Creek. Eight control measures are described in the list and shown on the figure. 

They include grading, runoff diversion, vegetation, filter fence, and detention pond. 

Soils are a fundamental natural resource of the land that affects its capability to 

support vegetation and development. Land use is affected by soils’ strength and 

stability, drainability, erodibility, and agricultural and resource potential. Soil qual- 

ity is subject to degradation by human activities, including compaction, erosion, 

and contamination, and can be improved through remediation. 

For agricultural and development uses, the soil survey is the best source of 

information. Soil survey information can be used to map soil suitability for a vari- 

ety of uses and as a basis for assessing agricultural suitability using the LESA tech- 

nique. Soil suitability also depends on slope, which can be assessed for both site 

and areawide needs using topographic maps. 

Techniques for assessing soil erosion potential, such as the RUSLE, are useful 

to identify problems and controls. Urban soils are subject to erosion and sedimen- 

tation from land construction practices and are also plagued by contamination and 

compaction problems. Most states require erosion and sediment control plans for 

construct. Federal agricultural programs, like the CRP have been effective in 

reducing the nation’s soil erosion. 



Land Use, Stream Flow, 

and Runoff Pollution 

The next three chapters address hydrologic considerations in land use. This chap- 

ter discusses the effects of land use on stream flow, water quality, and stream 

integrity. Critical issues include storm flows and flooding that pose natural hazards 

to property and people, baseflows and low flows that affect aquatic ecology, and 

runoff pollution that affects both natural waters and sources of community water 

supplies. Chapter 14 discusses emerging approaches for stormwater management 

and stream restoration to address these impacts. Chapter 15 focuses on groundwa- 

ter and land use. Chapters 9 and 10 also discuss related issues of watershed man- 

agement and flood hazard mitigation. 

The hydrologic cycle, described in figure 13.1, is intimately related to the land. 

Water evaporated from the land and the ocean ultimately precipitates as rain or 

snow. Precipitation that does not immediately evaporate and transpirate through 

vegetation back to the atmosphere has one of two fates: (1) it infiltrates the soil and 

contributes to soil moisture, subsurface flow, and groundwater recharge; or (2) it 

runs off on the surface, contributing to surface streams, lakes, and rivers. 

Although runoff contributes the most to stormwater flows, much of the 

infiltrated subsurface flow later seeps to the surface and contributes the most to 

baseflow or stream flow between storms. Ground and surface waters may be 

important existing or future sources of water supply for people and communi- 

ties. Land use in watersheds of surface supply and in the recharge areas of 

groundwater aquifers has a significant effect on the quality and viability of those 

water sources. f 

Urbanization, with its smooth impervious parking lots, streets and rooftops, 

tends to reduce infiltration and increase the rate of accumulation and the 

amount of stormwater runoff, which in turn exacerbates drainage and flooding 

problems and channel erosion downstream. This runoff carries with it non- 

point source (NPS) water pollutants that now exceed industrial and munic- 

ipal “point” discharges in contributing to the pollution of lakes, rivers, and estuar- 

ies in the United States. 

363 
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Figure 13.1 Hydrologic Cycle. The transfer of water from precipitation to surface water and 
groundwater, to storage and runoff, and eventually back to the atmosphere is an ongoing 

cycle. Source: FISRWG (1998). 

The Water Balance ; 

Precipitation patterns determine the distribution of water on and under the 

ground. The measurement of precipitation is straightforward, and gauging sta- 

tions have been recording rainfall data throughout the United States for over 

150 years. These historic data have been analyzed statistically to give average 

precipitation over a drainage basin or region and the frequency of storms of 

given intensities that are likely to occur in the future. Most of this analysis was 

done decades ago (U.S. Weather Bureau [USWB], 1961). This assumption 

that the future will resemble the past is a critical one in hydrology, and it 

assumes relatively constant climatic conditions. Climatic changes from global 

warming and other causes may affect this assumption and our use of long-term 

historic data. 
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Figure 13.2 Annual Precipitation in United States 

Figure 13.2 gives annual average precipitation for the United States. These 

data are available for most areas of the world. The semihumid eastern United 

States (30-60 inches per year) is distinguished from the semiarid west (O— 

30 inches per year). Not only do annual averages vary, but so do the seasonal vari- 

ations and the intensity and duration of storms. It is this pattern of precipitation 

more than its average that determines runoff and flooding problems and stormwa- 

ter management needs. 

For this reason, historic precipitation data is analyzed in terms of the fre- 

quency of storms of different durations and intensities, and this information is 

available in a variety of forms. Maps such as figure 13.3 show intensity for storms 

of a specific duration and frequency; these maps are available for many durations 

and frequencies (see websites at USWB, 1961; National Weather Service [NWS], 

2002). For a specific location, the intensity-duration-frequency data can be plotted 

in one curve as shown in figure 13.4. The figure shows the “return period” (fre- 

quency) for storms of different intensities (inches/hour) and durations. Figure 

13.4 shows that although Seattle and Miami receive about the same annual pre- 

cipitation on average (48 inches per year), the pattern of rainfall is far different in 

the two cities. For example, the recurrence of a one-hour, one-inch rainfall in 

Seattle is greater than 100 years, whereas the return period of such a storm in 

Miami is less than 2 years. 

The frequency or return interval is a simple way of stating the probability of 

occurrence based on history. A 100-year storm does not mean that if we have such 

an event this year, we won't see another one for 100 years. It simply means that 

based on historic data the probability of the event occurring in any year is 1 in 
100, 

or 1 percent. If we get such an event this year, we still have a 1 percent chance of a 

similar event next year, and we could get it next month. 

« 365 
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Figure 13.3 10-Year Frequency, 24-Hour Rainfall Inches Over Eastern and Midwestern United States. Source: USDA 

(1986). 
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on in Oo 

fog se wn —_— Rainfall intensity (inches per hour) 

Savio 50 1 Salo Sy. (i) 50 1 5410 
Minutes Hours Minutes Hours 

Duration Duration 

Figure 13.4 Intensity-Duration-Frequency Curves for Seattle and Miami. The differences 

between the two reflect differences in the climates of the two cities. Source: Water in 

Environmental Planning by Thomas Dunne and Luna Leopold, copyright © 1978. Reprinted 
with permission of W. H. Freeman and Company. 



Land Use, Stream Flow, and Runoff Pollution «= 367 

rainfall rainfall 
.75 inches/hr 1.5 inches/hr 

‘infiltration 
Vince 

"A. Infiltration Rate= 'B.RunoffRate= 
uiish ete whchathal Crentaatenion 

Figure 13.5 Precipitation Rate and Infiltration Rate Determine the Runoff Rate. Infiltration rate 
depends on soil texture, soil moisture, and vegetative cover. Source: FISRWG (1998). 

Watersheds and Channel Processes 

Precipitation that does not evaporate either infiltrates the ground or runs off on 

the surface as overland flow. Much of the infiltrated water ultimately seeps out of 

the ground, contributing to stream baseflow between storms. The texture of the 

soil determines its permeability and infiltration rate. But for all soils, as they 

become saturated from a given storm, a greater percentage of the precipitation will 

end up as surface runoff. Figure 13.5 shows this water balance between precipita- 

tion, infiltration, and runoff. 

Overland Drainage: Runoff and Watersheds 

Topography determines how surface water drains. It delineates drainage basins, 

also called watersheds or catchments. Rain falling within the drainage 

boundary or divide will drain through the basin exit channel. Other basin char- 

acteristics include: 

= basin or watershed area: the area within the boundary; 

= basin length: the distance from the first-order channel farthest 

upstream to the basin outlet; and 

= drainage density: the length of all the channels divided by the basin 

area; generally, the greater the drainage density, the steeper the slopes in 

the basin and the higher the peak flows for a given rainfall. 

Figure 13.6 shows a drainage basin and the convention for stream order 

classification. First-order channels are highest in the watershed and have no trib- 

utaries. First-order channels join to form second-order streams, second-order 

streams join to form third-order streams, and so on. Stream channels are also 

defined by how often water is present. Perennial streams (shown as a solid blue 

line on color topographic maps) normally run all year long. Intermittent 
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Figure 13.6 The Drainage Basin and Stream Order Classification. Headwater streams are first order, which combine to 

form second order streams, which combine to third order and so on. 

streams (shown as dashed blue lines on topographic maps) run during the wet 

season. Ephemeral streams (not shown on topographic maps) run only during 

and immediately after storms. 

Box 13.1 describes watershed delineation, a simple method for defining 

basins or watersheds using a topographic map. It is often important to identify “crit- 

ical” watersheds or those deserving special attention. These may be a watershed of 

an existing or potential water supply reservoir, watersheds with potential drainage 

capacity problems, or those undergoing land development. It is the first step in 

watershed management (see chapter 10). The eight-step procedure begins by iden- 

tifying the outlet point on a stream or river, which will define the watershed draining 

to that point. After identifying all of the “in’ channels draining to the outlet, the pro- 

cedure finds the “out” channels immediately outside the watershed, identifies high 

points between these “in” and “out” channels, and connects these high points by 

drawing connecting lines roughly perpendicular to the elevation contours. 

Channel Processes and Geomorphology 

Although topography affects drainage, drainage also affects topography through 

the processes of geomorphology, the formation of landforms by water erosion and 

deposition. The erosion and deposition processes of the river channel largely 

determine the landforms of the valley floor including the floodplain. Channels do 

not flow uniformly over time but are dynamic in nature. Channels have a natural 

tendency to meander or to develop a wavy pattern from a straight one. Figure 13.7 

shows how the varying water velocities in the channel section produce this mean- 

dering effect. Faster water on the outside of the stream curves cause more erosion, 

while slower velocities in the inside cause deposition of sediment. Over time these 

processes cause the curves to enlarge. This process also contributes to the deep 

pool, shallow and stony riffle, and unobstructed run sequence in natural streams 
segments. It is this meandering process, not flooding, that actually causes the 
development of floodplains and the distinct landforms common to river valleys. 



BOX 13.1—Delineating Watershed Boundaries 

1. Identify the outlet point on a stream or river that defines the watershed draining to that point. 
2. Find and trace drainage channels within the watershed. On color topo map, they are blue lines. 

_ “V" shape of elevation contours point upstream. 
3. Find and “X” out neighboring channels outside the watershed. The watershed boundary will be 

between the channels in the basin (step 2) and these outside channels. __ 

4. Consider yourself a drop of water and check the direction of drainage by inspecting the slope 

direction between the “in” and “out” channels. _ 
5. Find and mark the high points (peaks and saddles) berwess) the “in” and “ out” channels. These” 

will be on the watershed boundary. 

6. Connect these points with light pencil, intersecting the contour lines at roughly ; a right angle. 

_7. Consider yourself a drop of water again and check where you would go if you fell wee or OuRIde 

_ the line. Make corrections as necessary. 

8. Finalize Map. 



370 « Environmental Land Use Principles and Planning Analysis 

ll peel ae ge > 

FASTER: 6° a ee = 

— SLOWER SLOWER — 

FORMER CHANNEL 
BOUNDARIES 

NEW CHANNEL 
BOUNDARIES 

Figure 13.7 The Tendency of Streams to Meander at Shallow Slopes through Erosion and 
Deposition. This meandering process is what shapes floodplains. 

Figure 13.8 delineates channel characteristics: bankfull depth and width and 

the hydrologic floodplain are channel dimensions with channel at maximum flow 

or its bankfull discharge. The bankfull discharge, also called the channel-forming 

or dominant flow, is defined as the flow that fills a stable alluvial channel to the ele- 

vation of the active or hydrologic floodplain. Greater flows will overtop the channel 

and spread out onto the topographic floodplain. Figure 13.9 gives the stream 

classification developed by Rosgen (1994). The system groups reaches of streams 

by slope, entrenchment in the valley, degree of meandering, bankfull width-depth 

ratio, and types of soils and geology (Riley, 1998). The figure shows channel types 

and corresponding slopes and flood-prone areas. A stream has a longitudinal 

transition along its length and a lateral transition, extending outward from the 

normal and bankfull channel to the floodplain to the extent of its riparian vegeta- 

tion to its upland watershed boundary. 

 _lopographic floodplain ———_—_—_—_—_—______——» 

<—— hydrologic floodplain ——» 

Figure 13.8 Bankfull Dimensions and Floodplain Definitions. Source: FISRWG (1998). 
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LONGITUDINAL, CROSS-SECTIONAL AND PLAN VIEWS 
of MAJOR STREAM TYPES 

Figure 13.9 Stream Classification System. Source: Reprinted from Catena, vol. 22, David 
Rosgen, “A Classification of Natural Rivers,” p.174, Copyright © 1994, with permission from 

Elsevier. 

Streams and river channels change from headwaters to discharge to another 

receiving water body. Three zones vary in slope, stream discharge and mean flow 

velocity, channel width and depth, channel bed material grain size, and relative 

volume of stored alluvium or deposited materials from upstream. These include 

the following: 

« Headwater zone with steeper slopes; higher velocity; larger bed material; 

and lower discharge, channel width and depth, and stored alluvium 

= Transfer zone between headwaters and deposition zones 

=» Deposition zone with flat slope; lower velocity; smaller bed material; and 

higher discharge, channel width and depth, and stored alluvium 

Effects of Land Use on Stream Flow and 

Predicting Peak Discharge 

The hydrograph shows over time the response of channel flow at a specific point 

to a given storm over its watershed. A hypothetical hydrograph is shown in figure 

13.10. The rainfall is generally given in a histogram showing the depth of rainfall 
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Figure 13.10 Hypothetical Hydrograph Showing the Response of Stream Flow. “L” is the lag 
time to peak discharge. Baseflow is stream flow without storm event. 

for each hour of the storm. The curve that follows shows the channel discharge 

response as a flow rate that builds up to a peak, then drops back to the original 

baseflow. Important to note are the timing and magnitude of the peak. The peak 

will occur at some time after the center of mass of the storm, called the lag time. 

The peak flow is the maximum flow, at which time the water flow elevation is 

highest and flooding is the worst. The hydrograph relationship of rainfall to dis- 

charge depends on several characteristics of the watershed, principally soil cover, 
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Figure 13.11 Effect of Urbanization’s Impervious Surfaces on Peak Flows and Baseflows 

slope, and channel length. Given the relationship, hydrologists can generate a 

peak discharge frequency based on rainfall frequency. 

Land cover and drainage characteristics affect the accumulation of stormwater 

flow as well as the amount of baseflow between storms. The process of urbaniza- 

tion, that is, paving and covering the land with impervious surfaces and construct- 

ing drainage pipes and lined channels, acts to increase the peak discharge from a 

given storm event by (a) reducing the amount of water that infiltrates the ground, 

thus increasing the volume of surface runoff and, more important, and (b) 

increasing the rate at which the runoff accumulates, reducing the hydrograph lag 

time. Because of impervious surfaces, less water infiltrates the ground, and, thus, 

less is available for groundwater-contributed baseflow between storms, especially 

in dry weather periods. As a result, urban streams run faster and higher during 

storms, and often run dry between storms. 

As shown in figures 13.11 and 13.12, the peak flows from a given storm event will 

be greater from a watershed after it has experienced land development than before. 

It also shows that the baseflow between storms will be much less. Baseflow and 

summer low flows are critical to support stream ecology and riparian vegetation. 

Finally, the stream geometry shows higher flood flows and a broader floodplain. 

Land development and urbanization cause hydrologic changes, which have a 

number of damaging effects in the following list. This section focuses on the first. 

The latter three are discussed in following sections. Chapter 14 addresses mea- 

sures and management practices to reduce these impacts. 

1. The increased flows caused by land development can exacerbate 

flooding downstream. 

2. Urban runoff carries water contaminants affecting the quality of 

receiving water; generally, as urban runoff increases, so does the pollu- 

tion it carries. 

3. Reduced infiltration reduces groundwater storage and reduced dry 

weather stream flows. 

4. Urbanization directly and indirectly causes the destruction of natu- 

ral creeks and streams. 
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Figure 13.12 Changes in Watershed Hydrology as a Result of Urbanization. Note increase in 

peak flow, decrease in baseflow, and higher flood levels. Source: Controlling Urban Runoff: A 

Practical Manual for Planning and Designing Urban BMPs, by Tom Schueler, 1987. Reprinted 
with permission of Metropolitan Washington Council of Governments, 777 North Capital St., 
NE, Ste. 300, Washington, D.C. 20002-4239, 202-962-3256. 
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TABLE 13.1 Hydrologic Cycle Changes of Impervious Surface Associated 
with Urbanization 

Imperviousness Evapotranspiration Infiltration Runoff 

Land Use/Cover (%) (%) (%) (%) 

Natural Cover 0 40 50 10 

Low Density Resid. 10-20 35 42 23 

Urban Residential 35-50" = 35 35 30 

Urban Center 75-100 30 15 Sy) 

(Source: EPA 1993) 

Many analysts have argued that impervious surface coverage in a water- 

shed is a good indicator of potential impact on stream health (see section on 

stream integrity). Table 13.1 shows the water cycle changes associated with imper- 

vious surfaces. Increasing density of urbanization increases imperviousness, 

which reduces infiltration and increases runoff. 

Planning and designing stormwater drainage systems and managing land use 

effects on runoff require the ability to predict runoff flows from storm events. 

Planners and engineers also need to be able to assess the capacity of channels to 

carry stormwater flows and to design mitigation measures to reduce peak flows. In 

the past 30 years, a number of sophisticated computer simulation methods have 

been developed that model stormwater response to precipitation and estimate 

effects of land use and control measures on flows. A number of these runoff mod- 

els are listed in table 13.2. 

Some of the simpler techniques are presented here to illustrate how these mod- 

els work and-to understand the factors that influence land use impacts on water 

flows. They describe methods to estimate the peak discharge of a stream for a 

TABLE 13.2 Comparison of Stormwater Model Attributes and Functions 

Model 

Attribute HSPF SWMM — TR-55/TR-20 HEC-1 Rational Method 

Sponsoring agency USEPA USEPA NRCS (SCS) CORPS (HEC) 

Simulation type Continuous Continuous Single event Single event Single event 

Water quality analysis Yes Yes None None None 

Rainfall/runoff analysis Yes Yes Yes Yes Yes 

Sewer system flow routing None Yes Yes Yes None 

Dynamic flow routing equations None Yes Yes None None 

Regulators, overflow structures None Yes None None None 

Storage analysis Yes Yes Yes Yes None 

Treatment analysis Yes Yes None None None 

Data and personnel requirements High High Medium Medium Low 

Overall model complexity High High Low High Low 

Source: PGC-DEM, 1999 
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storm of a given duration and intensity under current conditions and under con- 

ditions brought about by proposed development. Chapter 14 describes a method to 

size on-site detention to mitigate the expected impacts. Appendix 13.D describes 

methods for determining channel capacity and channel erosion problems, neces- 

sary techniques in natural drainage design, and stream corridor protection and 

restoration programs. Working through the techniques provides the reader the 

opportunity to understand quantitatively the factors that influence peak dis- 

charge, channel capacity, and stormwater detention. — 

The Rational Method 

This technique, based on Mubraney’s formula developed in 1851, has provided 

the design basis for almost all of the urban drainage systems built in the world up 

to about 1980. However, the method has been criticized for such applications as 

being unnecessarily conservative, leading to expensive and oversized systems. As a 

result, the 1970s saw considerable improvements in design methods. Still, the 

Rational Method provides a reasonable “first cut” approximation of peak dis- 

charge. The use of the Rational Method is limited to drainage areas of less than 

200 acres. It involves the following simple equation for peak discharge: 

Q=CiA (Eq. 13-1) 

where, Q=peak discharge (cubic ft per second—cfs) 

C=rational runoff coefficient, based on land cover 

i= rainfall intensity (inches/hour) 

A= drainage area (acres) 

Values of the runoff coefficient (C) for various rural and developed land uses 

are given in table 13.3. If a drainage area of interest is made up of one or more 

types of soil cover, a weighted average can be computed by simply summing the 

products of the individual subarea’s coefficient times its fraction of the total area. 

(See the following example.) The rainfall intensity (i) is determined from a 

rainfall intensity-frequency-duration curve such as figure 13.4 or figure 13.13. 

The intensity is read from the curve for a desired frequency and a duration equal 

to the time of concentration (T.) for the drainage area (i.e., the time of flow 

from the most remote point in the basin to the design point, in minutes). The fis 

depends on the length of travel, the drainage slope, the land cover, and channel 

type. It can be approximated by the nomograph given in figure 13.14. 

Rational Method Example 

Using the Rational Method, determine the peak discharge resulting from a 
10-year frequency storm falling on an 80-acre drainage area in Richmond, 
Virginia, comprised of 30 percent rooftops, 10 percent streets and driveways, 
20 percent lawns at 5 percent slope on sandy soil, and 40 percent woodland. 
The height of the most remote point above the outlet is 100 feet and the 
maximum length of travel is 3,000 feet; assume the combination of land cov- 
ers produces the equivalent of a natural basin on bare earth. 
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Land use Cc 

Business: 

Downtown areas 0.70—0.95 

Neighborhood areas 0.50—0.70 

Residential: 

Single-family areas 0.30—0.50 

Multi-units, detached 0.40—0.60 

Multi-units, attached 0.60—0.75 

Suburban 0.25-0.40 
Industrial: 

Light areas 0.50—0.80 

Heavy areas 0.60—0.90 

Parks, cemeteries 0:10=0.25 

Playgrounds 0.20-0.35 

Railroad yard areas 0.20-0.40 

Unimproved areas 0.10—0.30 

Streets: 

Asphaltic 0.70-—0.95 

Concrete 0.80—0.95 

Brick 0.70-0.85 

Drives and walks 0.75-0.85 

Roofs 0.75-0.95 

Lawns: 

Sandy soil, flat, 2% 0.05-0.10 

Sandy soil, average, 2—7% 0.10-0.15 

Sandy soil, steep, 7% 0.15-—0.20 

Heavy soil, flat, 2% 0.13-0.17 

Heavy soil, average, 2-7% 0.18-0.22 

Heavy soil, steep, 7% 0.25-0.35 

Agricultural land: 

Bare packed soil 

Smooth 0.30—0.60 

Rough 0.20-—0.50 

Cultivated rows 

Heavy soil no crop 0.30—0.60 

Heavy soil with crop 0.20-—0.50 

Sandy soil no crop 0.20—0.40 

Sandy soil with crop 0.10-0.25 

Pasture 
Heavy soil 0.15—-0.45 

Sandy soil 0.05—0.25 

Woodlands 0.05—0.25 

Note: The designer must use judgment to select the appropriate C value within the range. 

Generally, larger areas with permeable soils, flat slopes and dense vegetation should have lowest 

(C) values. Smaller areas with dense soils, moderate to steep slopes, and sparse vegetation should 

be assigned highest (C) values. 



>¥aQ 27 Te. Environmental Land Use Principles and Planning Analysis 

RAINFALL FREQUENCY-INTENSITY-DURATION CHART 

RICHMOND, VA. 
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Figure 13.13 Rainfall Intensity-Duration-Frequency Curve for Richmond, Virginia. Source: 

VDCR (1992). 

C=(.9)(.30) + (.9)(.10) + (.15)(.20) + (.10)(.40) = .43 

(rooftops) (streets) (lawns) (woodland). . (from table 13.3) 

T.= 14 minutes (from figure 13.14, ht = 100, length = 3,000) 

i=5.4 inches (from figure 13.13, dur. = 14 min, freq. = 10 yr) 

A= 80 acres 

Q=CiA =(.43)(5.4)(80) = 185.76 cubic feet per sec. 

TR 55 Peak Discharge Graphical Method 

This technique is described in the Soil Conservation Service (naw NRCS) Techni- 

cal Release No. 55 (TR 55), Urban Hydrology for Small Watersheds (USDA, 

1986). It is considered more accurate than the Rational Method for larger urban 

drainage areas (up to about 2,000 acres) because it takes into account more fac- 

tors and involves less judgment on the part of the user (particularly in the choice 

of the time of concentration). The peak discharge method can also be used to pro- 

duce hydrographs for larger areas (up to 20 sq. miles) using a tabular hydrograph 
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Note: 
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overland flow on bare earth, and 
for’mowed grass roadside channels. 

For overland flow, grassed surfaces, 
multiply Tey byc2s 
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200 

100 
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1000 

* Maximum Length of Travel 

For overland flow, concrete or 
asphalt surfaces, multiply T. by 0. 4, 500 

For concrete channels, multiply Te. 
by 0.2. 

Height of Most Remote Point Above Outlet 

100 

Figure 13.14 Time of Concentration for Small Drainage. Source: VDCR (1992). 

method also described in TR 55. For further information on this hydrograph 

method, see SCS (USDA, 1986) http://www.wcc.nrcs.usda.gov/hydro/hydro-tools- 

models-tr55.html. Though it is less sophisticated than many computer models, 

TR 55 is heavily used in state and local stormwater and erosion and sediment con- 

trol programs (see section on stormwater management practices in chapter 14) 

and land analysis software like CITYgreen (see chapter 16). 

The TR 55 graphical peak discharge method described here determines the 

peak flows resulting from a “design” 24-hour storm over a specific drainage area. 

By modifying the land use and cover conditions in the drainage area, it can be used 

to predict the peak discharge effects of different land use scenarios. The process is 

illustrated in table 13.4. The method employs a number of data tables, charts, and 

four worksheets. For blank worksheets see http://www.wcc.nrcs.usda.gov/water/ 

quality/common/tr55/tr55.pdf. We will only be working with Worksheets 2, 3, and 

4 in this chapter and Worksheet 6 in the next. The worksheet, figure, and example 

numbering from TR 55 have been retained to ease cross-referencing the source. 

STEP 1 Worksheet 2 computes the watershed Curve Number (CN) 

and Runoff (Q). 

(Data needed: Design 24-hour storm (inches), watershed acres, acres in vari- 

ous land uses/covers, HSG) 
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TABLE 13.4. TR-55 Process for Graphical Discharge Method 

Data to calculate Tc? If no, TR 55 not applicable 

Hydrograph or subareas required? If no, proceed below. If yes, consult TR-55 

document, chapter 5 

Step 1: Compute Watershed Curve Worksheet 2 

Number and Runoff: 

Step 2: Compute Watershed Time of | Worksheet 3 

Concentration (Tc): : 

Step 3: Compute Peak Discharge: Worksheet 4 

Step 4: Compute Storage to Reduce Worksheet 6 

Peak Discharge: 

TABLE 13.5a Runoff Curve Numbers for Urban Areas (TR55 table 2-2) 

Curve Numbers For 

Avg % Hydrologic Soil 

Cover Description impervious! Group (HSG) 

Cover Type and Hydrologic Condition ASB? GD 

Open space (lawns, parks, golf courses, cemeteries, etc.)?: 

Poor condition (grass cover <50%) 68 79 86 89 

Fair condition (grass cover 50% to 75%) 49 69 79 84 

Good condition (grass cover >75%) 39 61 74 80 

Impervious areas: 

Paved parking lots, roofs, etc. 98 98 98 98 

Streets and roads: Paved; curbs and storm sewers 98 98 98 98 

Gravel (including right-of-way) 76 85 89 91 

Urban districts: 

Commercial and business 85 89 92 94 95 

Industrial 2 81 88 91 93 

Residential districts: 

1/8 acre or less (town houses) 65 Ci 583, 790992 

1/4 acre P 38 egris) ich sie 

1/3 acre 30 Dios S laoo 

1/2 acre 25 54 70 80 85 

1 acre 20 51 68 79 84 

2 acres 12 46 65 77 82 

'The average percent impervious shown was used to develop the composite CN’s. Other 
assumptions are as follows: impervious areas are directly connected to the drainage system and 
have a CN of 98, and pervious areas are considered equivalent to open space in good hydrologic 
condition. CN’s for other combinations of conditions may be computed using figure 13.20. 

*CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other 
combinations of open space cover type. 
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TABLE 13.56 Runoff Curve Numbers for Cultivated and other 

Agricultural Lands (TR55 table 2-2) 

Curve Numbers For 

Cover Description Hydrologic Hydrologic Soil Group 

Cover Type Treatment Condition A B c D 

Fallow Bare soil — ii) 86 AOE 94 

Crop residue cover (CR)! Poor 76 85 90 93 

Good 74 83 88 90 

Row crops Straight row (SR)! Poor 72 81 88 91 

Good 67 78 85 89 

SR ++CR! Poor 71 80 87 90 

Good 64 75 620 OD 

Pasture, grassland, or range? Poor 68 79 86 89 

Fair 49 69 79 884 

Good 39 61 74 80 

Meadow—mowed for hay _ 30 58 “1 78 

Brush—brush-weed-grass? Poor 48 67 at 83 

Fair 35 56 70 tae 

Good 30 = 48 65 (fe: 

Woods —grass combination Poor 57 fe 82 86 

(orchard or tree farm).° 

Fair 43 65 76 82 

Good 32 58 v2 79 

1Poor: Factors impair infiltration and tend to increase runoff. 
Good: Factors encourage average and better than average infiltration and tend to decrease 

runoff. 
2Poor: <50% ground cover or heavily grazed with no mulch. 

Fair: 50 to 75% ground cover and not heavily grazed. 

Good: >75% ground cover and lightly or only occasionally grazed. 
3Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning. 

Fair: Woods are grazed but not burned, and some forest litter covers the soil. 

Good: Woods are protected from grazing, and litter and brush adequately cover the soil. 

The curve number (CN) is a measure of the land cover influence on infiltration 

and runoff, similar to the C factor in the Rational Method. It ranges in value from 

about 30 to 98. It depends on the vegetative or impervious cover, land use practice, 

and hydrologic soil group (HSG). Based on their texture and infiltration rates, soils 

are classified in HSG A (sands and sandy loams), B (silt loam and loam), C (sandy 

clay loam), and D (clay, clay loam, sandy clay, silty clay). Other factors, like soil 

compaction or high water table, can supercede the effect of texture. Soil surveys 

list HSG for different soils and map units. 

Table 13.5 gives CN values for various agricultural and urban land covers and 

uses. Values range from 30 (for meadow and woods in HSG A) to 98 (for impervi- 

ous surfaces). The first step in Worksheet 2 is to compute a weighted average CN 

value for the drainage area or watershed. The various land covers of the area and 

their acreages are entered on the worksheet; CN values for these covers are looked 

up on table 13.5 and entered. The CN values are multiplied by the acreage, and the 

sum of these products is divided by the total acreage to yield the average CN value. 
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Composite CN 

Connected impervious area (percent) 

Figure 13.15a Composite Curve Number with Connected Impervious Area (TR55 figure 2-3). 

Source: USDA (1986). 
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Figure 13.15b Composite Curve Number with Unconnected Impervious Areas (TR55 figure 
2-4). Source: USDA (1986). 

CN average = & CN, Xx A, (Eq. 13-2) 

LA; 

where CN. is the CN for each land cover, i 

A,is the area for each land cover, i 

Table 13.5 values assume that urban uses have the percent impervious cover in 

the table and that the surfaces are hydraulically connected to drainage works. To 
determine CN when all or part of the impervious area is not directly connected to 
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TABLE 13.6 Converting from Rainfall Depth to Runoff Depth for Different Curve Numbers 
(CN) (TR55 table 2-1) 

Runoff Depth for Curve Number of— 
CN> 40 45 50 5o 60 65 70 75 80 85 90 95 98 

Rainfall pe ho Rh ee inches --------~-------——-~— _— 

10: —0,00-40:00s 0.00' 0.00 10:00: 7-0:00%5:0,00' 7 0:03) 0:08 03777 90.325580.56 0.79 

TZ 00. 200" ..00, " .00 00 .00 .03 07 15 a 46 74 .99 

1.4 00 ~.00° 7.00 00 00 02 .06 13 24 39 G1 92) =1c16 

1.6 (00.-<-.00—-+..005-. 00-01 05 «dd .20 134 02 ao ddd 1.38 

1.8 100 yn 00 77-00) 48-00 03 .09 aly. 29 44 65 93 1.29 1.58 

2.0 OC 00 = 009-02" = 06 14 24 38 06 room, =6«L.09 LAB AT 

2.5 200 -y.00" §.02) FE.08 uly. 30 46 65 SOMRIIS) 1:53 196) 2.27 

3.0 0s 0277097 Malo aes3 ol ofl 967" 1:25 "1.595 1.98. 2:45 2.77 

3.5 02" = ..08> 207.35) ~ 253 prow A 1.30 164 202 245 294 3.27 

4.0 UGies 31S 1:35) 700" 7/6" “1. US necksoy hOvar -2,04- 62.469 2.92, “G45 oss 

4.5 4) oO) 50) 74 — 1.02 133 67 2.054 246 -2.91) 340 (39279 °4,26 

5.0 ae 144° |. CO © 08 e130 65204" 2 4o't *2.89 3.37.) 3.68 4.42 476 

6.0 OO = 80 V4) 152) 192 2:35 2.81 3.28 | 3.78 4.30) -4.85- 5.40) © B76 

13.0 4 124 1:68) 212 2.60 3:10 3.62 4.15) 4.69 5.25) 5.82 6.41 6:76 

Oe A 2D A Be Dt S DOO eet AO OL SO. Boucle 6.81 7.405 Viet 

Oe I Wes? 29m 2.88% 3.49 4.10 4.72 533 SSS 657 "7.18' 7.79 840 8:76 

HO” S223 2:89 3.56 97423) 04-007) 5.56. 6.22) 10 G88 Be De BLE de 8. Orgs O40 eerie 

MW SS eo ee. 24.265 5-00) shor. 6 Abe Ai.13 oe iS 848. O13 9.77 1080 e076 

120%) 3:39-24,19 5:00" 5,79. 6,96, 7 S2ate-00" On Gm 9.45. 10,10 1 10:76 11,39" At 

13 Opec 00 ee: 89 sf Cre Olena LA Dre Sider Cope Dike ADweals Od 11.76 12.39 12.76 

14 Tos on Os 74a oOo ia ol 10:67 tio t2.00, 12.75 13.39, 13-76 

150 — 5.63 ~626 "735 -8.29 “9:19 710.04 “10.85 11.63 12.37 13.07) 13.74 ~14.39° 14:76 

the drainage system, (1) use figure 13.15a (TR 55 figure 2-3) if total impervious 

area is less than 30 percent or (2) use figure 13.15b (TR 55 figure 2-4) if the 

impervious area is equal to or greater than 30 percent, because the absorptive 

capacity of the remaining pervious areas will not significantly affect runoff. See 

Appendix 13.A for examples using these figures. 

Once the average CN value is calculated, the runoff (Q) can be determined for 

the design storm (P) from table 13.6, and the value is entered in the last entry on 

the worksheet. The design storm depends on the recurrence frequency of the 24- 

hour storm. Figure 13.2 gives data for a 10-year event for the eastern and mid- 

western United States. The TR 55 document gives data for 2-, 10-, 25-, and 100- 

year 24-hour storms (USDA, 1986; see the web address given previously). 

TR 55 Step 1 Example: The watershed covers 250 acres in Dyer County, north- 

western Tennessee. Seventy percent (175 acres) is a Loring soil, which is in HSG C. 

Thirty percent (75 acres) is a Memphis soil, which is in group B. The event is a 25- 

year frequency, 24-hour storm with total rainfall of 6 inches. Cover type and condi- 

tions in the watershed are different for each example. The example illustrates how to 
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Worksheet 2: Runoff curve number and runoff 

Check one: L] Present [X] Developed 

1. Runoff curve number 

Soil name Cover description 
and 

hydrologic 
group * 

(cover type, treatment, and hydrologic condition; percent 

(appendix A) impervious; unconnected/connected impervious area ratio) 

25% impervious 
Memphis, B 1/2 acre lots, good condition 

Date 

10/3/85 

Product 

of 

CN X area 

; 25% impervious 
Loring, C 1/2 acre lots, good condition 

Loring, C Open space, good condition 

A/ Use only one CN source per line 

CN (weighted) = _!0tal product _ 18;800.° _| 75.2 

total area 250 

2. Runoff 

Storm #1 

Totals | 250] 18,800 

Use CN > 

Storm #2 Storm #3 

Frequency 25 

Rainfall, P (24-hour) 6.0 

uno Over. 2,2 see sae ds ae | 3.28 

(Use P and CN with table 2-1, figure 2-1, or 

equations 2-3 and 2-4) 

use TR 55 Worksheet 2 to compute CN and Q. Two other examples with different 

land use situations that illustrate use of figure 13.15 are given in appendix 13.A. 

Example 2-2: Seventy percent (175 acres) of the watershed, consisting of all 

the Memphis soil and 100 acres of the Loring soil, is 1/2-acre residential lots with 

lawns in good hydrologic condition. The rest of the watershed is scattered open 

space in good hydrologic condition. Using table 13.5 CN values, the worksheet cal- 

culates a composite CN of 75. Given the 24-hour design storm of 6 inches, the 

runoff Q from table 13.6 is 3.28 inches. 

STEP 2 Worksheet 3 computes the time of concentration (T,). 

(Data needed: hydraulic parameters, channel length, slope, shape, and surface 
roughness for the top of watershed to outlet.) (See figure 13.16.) 
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area 
top width 

area 
wetted perimeter 

mean depth = 

hydraulic radius = 

Figure 13.16 Hydraulic Parameters. Source: FISRWG (1998). 

The time of concentration (T.,) is time for the runoff to travel from the hydrauli- 

cally most distant point of the watershed to the point of interest or outlet. It is the 

sum of the travel times (T,) for consecutive channel segments. 

ToS Tt tg tl gion dln (Eq. 13-3) 

where 7, = time of concentration (hr) 

T, = travel time (hr) 

m=number of flow segments 

Tet (Eq. 13-4) 

where 7, = travel time (hr) 

L = flow length (ft) 

V= average velocity (ft/s) 

3600 = conversion factor from seconds to hours 

The tricky part of Worksheet 3 is determining the flow velocity, V. There are 

three ways to calculate it depending on the type of water flow. 

Sheet flow is flow over plane surfaces and usually occurs in the headwater of 

streams. It depends on the frictional resistance to flow, measured by Manning’s 

roughness coefficient, n. For sheet flow of less than 300 feet, the following equa- 

tion applies: 
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T, = 0.007 (n1)0.8 (Eq. 13-5) 
(Payee 50-4 

where n= Manning's roughness coefficient 

L = flow length (ft) 

P, = 2-year, 24-hour rainfall (in) 

s = slope of hydraulic grade (land slope, ft/ft) 

Values for n depend on surface conditions and can be estimated from table 13.7. 

Shallow concentrated flow is the fate of sheet flow after a maximum of 300 

feet. Velocity, V, is dependent on channel slope and can be estimated with figure 

13.17 (TR 55 figure 3-1) for paved or unpaved channels. Travel time can then be 

calculated from equation 13-4. 

Open channel flow applies to intermittent and perennial channels (where 

blue lines appear on USGS quadrangle sheets). Flow velocity is determined by 

Manning’s equation, which requires information on channel shape, slope, and 

roughness. (See appendix 13.D for open channel roughness [n].) 

V = 1,49r2/3st/2 (Manning's equation) (Eq. 13-6) 

n 

where V=average velocity (ft/s) 

r= channel full hydraulic radius (ft) 

r=a/p,, where a = cross-sectional flow area (ft?) 

p,, = wetted perimeter (ft) (see figure 13.16) 

s = slope of hydraulic grade line (channel slope, ft/ft) 

n= Manning's roughness coefficient for open channel flow 

TABLE 13.7 Roughness Coefficients (Manning's n) for Sheet Flow 
(TR55 table 3-1) 

Surface Description n! 

Smooth surfaces (concrete, asphalt, gravel, or bare soil) 0.011 

Fallow (no residue) . 0.05 

Cultivated soils: 

Residue cover =20% 0.06 

Residue cover >20% 0.17 

Grass: 

Short grass prairie 0.15 

Dense grasses? . 0.24 
Bermudagrass 0.41 

Range (natural) 0.13 
Woods: 

Light underbrush 0.40 
Dense underbrush 0.80 

'The n values are a composite of information compiled by Engman (1986). 
*Includes species such as weeping lovegrass, bluegrass, buffalo grass, blue grama grass, and 

native grass mixtures. 

*When selecting n, consider cover to a height of about 0.1 ft. This is the only part of the plant 
cover that will obstruct sheet flow. 
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Watercourse slope (ft/ft) 

rn hss ssaovnmsnpnon own mere vent hae ern wee 

i 

Average velocity (ft/sec) 

Figure 13.17 Velocity for Shallow Concentrated Flow. (TR55 figure3-1) Source: USDA (1986). 

The T, is calculated for each flow segment using Worksheet 3. The T, is the sum 

of the Ts. 

Example 3-1: The sketch below shows a watershed in Dyer County, north- 

western Tennessee. The problem is to compute T, at the outlet of the watershed 

(point D). The 2-year 24-hour rainfall depth is 3.6 inches. All three types of flow 

occur from the hydraulically most distant point (A) to the point of interest (D). To 

compute T.,, first determine T, for each segment from the following information 

(see Worksheet 3): 
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100 ft 1,400 ft 

B Cc 

(Not to scale) 

Segment AB: Sheet flow; dense grass; slope (s) = 0.01 ft/ft; and length (L) = 100 ft. 

Segment BC: Shallow concentrated flow; unpaved; s = 0.01 ft/ft; and L = 1,400 ft. 

Segment CD: Channel flow; Manning’s n = .05; flow area (a) = 27 ft2; wetted 

perimeter (pw) = 28.2 ft; s = 0.005 ft/ft; and L = 7,300 ft. 

Worksheet 3: Time of Concentration (T¢) or travel time (Tt) 

Prokeet Heavenly Acres "DW ”s 10/6/85 

Check one: ] Present 1X Developed 

Check one: Xt, O Tt through subarea 

Notes: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to Tc only) 

Segmentio| AB | 
Surface description (able 3-1) Dense Gress | ses | 

. Manning's roughness coefficient, n (table 3-1) 0.24 

. Flow length, L (total L < 300 ft) 

. Two-year 24-hour rainfall, Pe 

. Land slope, s 

8. Ty=_0.007 (nl) °° 
Py 05 50.4 

Shallow concentrated flow 

7. Surface description (paved or unpaved) 

8. Flow length, L 

9. Watercourse slope, s 

. Average velocity, V (figure 3-1) 

L 

3600 V 

Channel flow 

12. Cross sectional flow area, a 

13. Wetted perimeter, py 

14. Hydraulic radius, r= a Compute r 

15 Channel slope, s 

16. Manning’s roughness coefficient, n 

17 Va. 1491 Sete © Compute V 

18. Flow length, ie 

ign yet 3600 Compute Tt 

20. Watershed or subarea T, or Tt (add T; in steps 6, 11, and 19) 



Land Use, Stream Flow, and Runoff Pollution «= 389 

TABLE 13.8 1, Values for Runoff Curve Numbers (TR55 table 4—1) 

Curve Number I, (in) Curve Number I, (in) 

40 3.000 70 0.857 
41 2.878 a 0.817 

42 2.762 72 0.778 
43 be , 65 lane 73 0.740 

LS as 9.515 74 0.703 
45 2.444 75 0.667 
46 9.348 76 0.632 

47 2.255 77 0.597 

48 2.167 78 0.564 
49 2.082 79 0.532 

50 2.000 80 0.500 

51 1.922 81 0.469 

52 1.816 82 0.439 

53 177 83 0.410 
54 1.704 84 0.381 
55 1.636 85 0.353 
56 1.571 86 0.326 

57 1.509 87 0.299 

58 1.448 88 0.273 

59 1.360 89 0.247 

60 1.333 90 0.222 

61 1.279 91 0.198 

62 1.226 92 0.174 

63 1.175 93 0.151 

64 1.125 94 0.128 

65 L077 95 0.105 

66 1.000 96 0.083 

67 0.985 97 0.062 

68 0.941 98 0.041 

69 0.899 

STEP 3 Worksheet 4 computes the peak discharge. 

(Needed: drainage area, design storm (P), CN, and Q [from Worksheet 2], T, 

[from Worksheet 3]) 

The peak discharge, q,, for the design 24-hour storm over the watershed is cal- 

culated by the following equation: 

Geigy A,Q Fs (Eq. 13-7) 

where q,, = peak discharge (cfs) 

q,, = unit peak discharge (csm/in: cfs per mi? per inch of runoff) 

A, = drainage area (mi?) 

Q=runoff (in) 

R= pond and swamp adjustment factor 

The drainage area, A,,, is known and the runoff, Q, was calculated in Worksheet 

2. The pond and swamp adjustment factor, F,, takes account of the potential 
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Figure 13.18 Unit Peak Discharge for Type II Rainfall Distribution. (TR55 exhibit 4—II) Source: USDA 
(1986). 

Figure 13.19 Rainfall Distribution Types. Source: USDA (1986), 
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Worksheet 4: Graphical Peak Discharge method 
ject 

Heavenly Acres "10/15/85 

time Dyer County, Tennessee °° 10/17/85 

Check one: O Present [X] Developed 

-+,Data 

Drainage area m= : mi? (acres/640) 

Runoff curve number = (From worksheet 2), Figure 2-6 

Time of concentration = hr (From worksheet 3), Figure 3-2 

Rainfall distribution .........scsssssssrsereceseseretereee (1, JA, HIN) 

Pond and swamp areas sprea 
throughout watershed .........scesscsesesseesceeee percent of Am (_—— acres or mi? covered) 

Storm #1 | Storm #2 | Storm #3 

2. Frequency 

3. Rainfall, P (24-hour) 

4, Initial abstraction, lg 
(Use CN with table 4-1) 

5. Compute I,/P 

6. Unit peak discharge, qu ............ 
(Use T, and I,/P with exhibit 4— 

7. Runoff, Q 
(From worksheet 2). Figure 2-6 

8. Pond and swamp adjustment factor, Fp 

(Use percent pond and swamp area 
with table 4-2. Factor is 1.0 for 
zero percent pond ans swamp area.) 

9. Peak discharge, qp 

(Where qp = quAmQF, ) 

reduction in time of concentration, and therefore peak discharge, caused by pond- 

ing or wetlands in the watershed. Table 13.9 gives values for F', for pond and 

swamp areas up to 5 percent of the watershed area. The unit peak discharge, q,,, is 

the peak discharge per square mile per inch of runoff. It is estimated using figure 

13.18, based on the rainfall distribution type, time of concentration (T.,), and a 

ratio, I,/P, called the initial abstraction over P Values of I, depend on CN values and 

are given in table 13.8. Rainfall distribution type is given in figure 13.19. Work- 

sheet 4 is used to calculate q,. 

Example 4-1: Compute the 25-year peak discharge for the 250-acre watershed 

described in examples 2-2 and 3-1: CN = 75, Q =3.28in., T, = 1.53h. Worksheet 

4 is used to compute q, as 345 cfs. 



» Environmental Land Use Principles and Planning Analysis 

TABLE 13.9 Adjustment Factor (Fp) for Pond 

and Swamp Areas that are Spread 

Throughout the Watershed (TR55 table 4-2) 

Percentage of Pond 

and Swamp Areas Fp 

0 1.00 

0.2 0.97 
1.0 0.87 

3.0 0.75 

5.0 On72, 

Effects of Land Use on Water Quality 

In addition to affecting runoff quantity, land use also impacts water quality as sur- 

face runoff from cultivated, disturbed, and developed land carries water contami- 

nants to receiving waters. Before focusing on land use and nonpoint source pollu- 

tion, the following section provides some water quality fundamentals. 

Water Quality Fundamentals 

In the United States, we have made considerable progress in the past 30 years 

cleaning up our waterways and improving the safety of water for humans and 

aquatic life, primarily through improved engineering treatment at municipal 

sewage treatment plants and industrial facilities. We have doubled the number of 

waterways safe for fishing and swimming, doubled the number of Americans 

served by adequate sewage treatment, and reduced soil erosion from cropland by 

one-third. However, much remains to be done (U.S. EPA, 2000a, 2000b, 2002). 

» In 1998, about 70 percent of Americans lived within 10 miles of polluted 

waters, and 300,000 miles of rivers and 5 million acres of lakes did not 

meet water quality standards. 

» One-third of the 1,062 beaches reporting to the EPA had at least one 

health advisory or closing. 

» More than 2,500 fish consumption advisories or bans were issued where 

fish were too contaminated to eat. 

= The EPA estimates at least a half-million cases of illness annually can be 
attributed to microbial contamination of drinking water. In 1999, com- 
munity water systems serving 1 of every 10 people reported a health stan- 
dard violation. 
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« Of our waters that were monitored in 2000, 39 percent of river miles, 

45 percent of lake area, and 54 percent of estuary area were too polluted 

for safe fishing or swimming. 

The primary focus has shifted from municipal and industrial dischargers to 

runoff pollution from nonpoint sources (NPS). Indeed, national water quality 

assessments indicate that 60 to 70 percent of the nation’s waters not meeting 

water quality standards are impaired by NPS pollution. 

Before addressing NPS pollution, this section introduces some water quality 

fundamentals, including water pollutants and standards. The following sections 

review stream quality assessment and sources and impacts of NPS. Measures and 

programs to control stormwater quality problems are discussed in the next chapter. 

Water Pollutants 

Water quality is a complex subject, and it is useful to provide an overview of some 

basic scientific concepts. Table 13.10 describes the major classes of water contam- 

inants, including sources, effects, measurement, and controls. Major pollutants 

carried by surface runoff include the following: 

» Oxygen-demanding or organic wastes deplete water's dissolved 

oxygen (DO) that is needed to support aquatic life through biological 

decomposition. Water bodies gain oxygen from atmospheric aeration and 

photosynthesizing plants. But they also consume oxygen through respira- 

tion by aquatic life, decomposition, and various chemical reactions. 

Wastewater from runoff or treatment plants contains organic materials 

that are decomposed by microorganisms, using oxygen in the process. 

The strength of the wastes is measured by the oxygen required to decom- 

pose them, so-called biochemical oxygen demand (BOD). Biological 

treatment uses the natural decomposition process to stabilize organic 

waste. 

= Plant or inorganic nutrients, such as phosphorus and nitrogen, con- 

tribute to excessive growth of algae and other undesirable aquatic vegeta- 

tion in water bodies. Phosphorus is the limiting nutrient in most fresh 

waters, so even a modest increase in phosphorus can set off a chain of 

undesirable events in a stream, including accelerated plant growth, algae 

blooms, low dissolved oxygen, and the death of certain aquatic animals. 

Nitrogen is also an essential nutrient and is present in organic form as 

well as inorganic ammonia (NH,), nitrates (NO,), and nitrites (NO,). 

Total Kjeldahl nitrogen (TKN) is the sum of ammonia and organic nitro- 

gen. Together with phosphorus, nitrates and ammonia in excess amounts 

can accelerate aquatic plant growth and change the types of plants and 

animals that live in the stream. This, in turn, affects dissolved oxygen, 

temperature, and other indicators. Nutrients can be removed by 

advanced physical and chemical treatment, but biological treatment 

using vegetation uptake is also effective. 
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TABLE 13.10 Water Pollutants, Sources, and Effects 

Water Pollutant Sources Effects Measurement Controls 

Organic oxygen Sewage, industry, Depletes DO; alters life’ BOD, Biological treatment 

demanding wastes runoff forms; fish kills 

Plant nutrients Sewage, agricultural Algae growth, Nitrogen, phosphorus Advanced treatment, 

and urban runoff, waterweeds biological treatment 

industry 

Thermal effluent Power plants, Accelerates decomp., § Temperature Cooling towers, ponds 

industry, biological activity; 

impervious surfaces _ reduces DO solubility 

Sediment, suspended Runoff Reduces clarity; Turbidity Settling 

particles smothers bottom life 

Minerals, salts Agricultural runoff Taste; inhibits Total dissolved solids Desalination; 

freshwater plants (TDS) chemical treatment 

Synthetic, volatile Industry, spills, agri. | May be toxic to aquatic Chemical analysis Activated carbon 

organic chemicals: runoff, air pollution _life, humans; subject filtration 

e.g., oil, pesticides to biomagnification 

Inorganic chemicals Industry, mining May be toxic to aquatic Chemical analysis Chemical treatment 

(e.g. acids, heavy runoff, air pollution __ life, humans; may be 

metals) subject to 

biomagnification 

Radioactive Nuclear fuel cycle, Toxic to aquatic life, Chemical analysis, Isolation, chemical 

substances medical wastes, humans beta count ; treatment 

industry 

Pathogenic organisms Sewage Disease transmission Fecal coliform count Disinfection 

» Suspended solids cause sedimentation in receiving waters. They 

include particles that will not pass through a 2-micron filter, including silt 

and clay, plankton, algae, fine organic debris, and other particulate mat- 

ter. They can serve as carriers of toxics like pesticides, which readily cling 

to suspended particles. Solids are removed by settling in detention facili- 

ties. x 

Dissolved solids consist of calcium, chlorides, nitrate, phosphates, iron, 

sulfur, and other ions particles that will pass through a filter with pores of 

around 2 microns (0.0002 cm). Dissolved solids affect the water balance 

in the cells of aquatic organisms. Removal requires advanced physical 

treatment like reverse osmosis or desalination. 

« Acidity and alkalinity are measuréd by pH ona scale from 1.0 (very 
acidic) to 14.0 (very alkaline), with 7.0 being neutral. pH affects many 
chemical and biological processes in the water. For example, different 
organisms flourish within different ranges of pH. Most aquatic animals 
prefer a range of 6.5-8.0. pH outside this range reduces the diversity in 
the stream. Low pH can also allow toxic compounds to become available 
for uptake by aquatic plants and animals. Alkalinity is a measure of the 
capacity of water to neutralize acids. 
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« Synthetic volatile organic chemicals (VOC) are used in petroleum 

products and pesticides, which are toxic to humans and aquatic life. Bio- 

logical treatment can reduce concentrations, but carbon filtration is most 

effective. 

» Inorganic chemicals, such as toxic heavy metals, include mercury, 

lead, zinc, copper, and cadmium. They can biomagnify in concentration in 

_higher levels of the food chain and are a prevalent cause of fish advisories. 

Disease-causing microorganisms include pathogenic bacteria, 

viruses, and protozoans that also live in human and animal digestive sys- 

tems. Members of two bacteria groups, coliforms and fecal streptococci, 

are used as indicators of possible sewage contamination because they are 

commonly found in human and animal feces. Disinfection reduces 

microbial contamination. In addition, natural waters can provide breed- 

ing areas for carriers of disease, such as mosquitoes, which carry malaria 

and the West Nile virus. 

Water Bodies and Beneficial Uses 

The effects of these pollutants depend on the quality and beneficial uses of the 

natural waters that receive them. The major types of water bodies include fresh- 

water streams and rivers, freshwater lakes and wetlands, mixed fresh- and salt- 

water estuaries, coastal and marine waters, and groundwater. Streams’ self- 

flushing and aerating action gives them some assimilative capacity for 

conventional pollutants such as organics, nutrients, suspended particles, and 

waste heat. However, the natural quality of streams varies widely from pristine 

headwaters to more nutrient-enriched downstream waters. Streams and rivers 

are used for a wide range of beneficial uses, including water supply, recreation, 

fish propagation, agricultural and industrial use, and waste assimilation. 

Lakes have much lower assimilative capacity because of poor flushing. As a 

result, pollutants tend to accumulate in lakes; sediments fill up lake bottoms, 

nutrients contribute to growth of algae and other undesirable vegetation, and 

organics consume dissolved oxygen. This is a natural process called eutrophica- 

tion, or aging of lakes, and it will ultimately reduce the lake’s beneficial uses for 

water supply, fish propagation, recreation, and aesthetics. Under natural condi- 

tions this process may take centuries. However, runoff pollution containing nutri- 

ents and sediments can accelerate this natural process. This human-induced 

“cultural” eutrophication can occur in decades. Natural lakes and human-made 

reservoirs are both subject to the same process of aging. Lakes have a much longer 

residence time (so pollutants will accumulate more) but have a smaller watershed 

(which may be easier to manage). Reservoirs have a shorter residence time and 

more through-flow and flushing, but their much larger watersheds can contribute 

more pollutants and be more difficult to control. 

Estuaries are subject to some of the same processes as lakes and rivers, since 

some have flows and flushing (including intertidal mixing) like rivers, and others 

are more stagnant bays that behave like lakes. As important breeding and develop- 

ment habitats for fish and shellfish, estuaries have special needs because pollution 
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can easily disrupt fish growth or contaminate populations with resulting economic 

impacts. Coastal and especially marine waters have the largest assimilative 

capacity for water pollutants, but pollution can impact coastal waters for recre- 

ation and fishing. : 

Groundwater is the fourth type of water body. As we shall see in chapter 15, 

groundwater encounters complex flow, filtering, and chemical processes. Because 

groundwater from private wells is often used for domestic water supply without 

treatment, groundwater quality concerns relate more to human health than to 

ecological health. , 

Water Quality Criteria and Standards 

The 1972 federal Clean Water Act (CWA), as amended in 1977 and 1987, provides 

the framework for the nation’s management of water quality. The Act sets forth a 

national goal of achieving a level of quality in all waters to support recreation and 

fish consumption, so-called fishable and swimmable quality. To define this thresh- 

old, the Act, and its administering agency the U.S. EPA, called on the states to 

establish water quality standards for their water bodies, monitor compliance, and 

manage pollutant discharges to meet these standards. The CWA’s management 

programs for nonpoint sources are discussed in the next chapter. 

The process of establishing water quality standards begins by the states’ desig- 

nating the beneficial uses of individual water bodies. The Act’s goals call for mini- 

mum standards for recreation and propagation of aquatic life, but certain water 

bodies or reaches of streams may have beneficial uses (e.g., sources of community 

water supply or trout waters) that require higher standards. The states then deter- 

mine criteria, such as chemical-specific thresholds or descriptive conditions, that 

aim to protect these beneficial uses. In addition, the Act provides an antidegrada- 

tion policy to prevent waters that meet the standards from deteriorating from cur- 

rent conditions (U.S. EPA, 2000a). Natural surface waters are classified based on 

their natural quality and their beneficial uses, and water quality standards are 

assigned to different classifications. 

Table 13.11 gives the classification system used in Washington State as an illus- 

tration. Five different classes of waters are assigned to each water body in the 

state. The table lists the basic criteria for different classes of fresh water. The same 

classes are assigned to marine waters as well, but with different standards. Man- 

agement of both point and nonpoint sources of water pollution aims to achieve and 

maintain these water quality standards (Washington State Code, 1997). For water 

quality standards (WQS) for each state see http://www.epa.gov/ost/waqs/. 

Impaired Waters in the United States 

Section 305(b) of the CWA calls on the states to assess every two years the health 
of their waters and progress toward meeting the standards and goals of the Act. In 
addition, section 303(d) requires the states to identify and prioritize all of their 
“impaired” waters, or those that do not meet their water quality standards. States 
group their assessed waters into the following categories: 
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TABLE 13.11 Classification of Waters and Fresh Water Quality 

Standards in Washington State’ 

Class Fecal Col! DO? ‘Temp? pH? Turbidity® Toxics® 

AA (outstanding) 50 9.5 16 6.5-8.5 5 Max. 31 

A (excellent) 100 8.0 18 6.5-8.5 5 Max. 31 

B (good) 200 6.5 a 6.5-8.5 10 Max. 31 

C (fair) 200 4.0 22 6.5-8.5 10 Max. 31 

Lake® 50 Natl Nat'l Nat'l 5 Max. 31 

1Fecal coliform count: maximum colonies per 100 milliliters (ml) 

2Dissolved oxygen: minimum milligrams/liter 

8Temperature: maximum °C 

4pH: within range 
5Turbidity: maximum nephelometric turbidity units (NTU) 

®Toxics: maximum levels of 31 listed toxic, radioactive, deleterious materials 

7WQS also provided for marine waters; all fresh and marine waters are assigned a classifi- 

cation 

8] .ake class: DO, Temp, pH shall not exceed natural conditions 

(Source: WAC, 1997) 

1. Attaining WQS 
a. Good/Fully Supporting: meets WQS 

b. Good/Threatened: meets WQS but may degrade in near future 

2. Impaired, Not Attaining WQS 

a. Fair/Partially Supporting: meets WQS most of the time but occasionally 

exceeds them 

b. Poor/Not Supporting: does not meet WQS 

3. WQS not attainable 

a. Use-attainability analysis shows that one or more designated uses is not 

attainable because of specific conditions. 

Table 13.12 summarizes the 2000 National Water Quality Inventory results 

(U.S. EPA, 2002). It shows five types of surface water bodies, their total length or 

area, the percentage that was assessed, and the assessment ratings. This assess- 

ment is becoming more comprehensive each time it is done. In 2000, 180,000 

more stream miles were assessed than in 1996. Percent impairment increased 

from 1998 to 2000 for all categories except the Great Lakes. 

Table 13.13 shows the uses impaired and stressors (pollutants) and sources of 

impairment for rivers and streams, lakes, and estuaries. Common uses impaired 

for all three water bodies are aquatic life, fish consumption, and swimming. 

Thirty-eight percent of assessed rivers are impaired for fish consumption, 34 per- 

cent for aquatic life, 28 percent for primary contact like swimming, and 14 percent 

for drinking water supply. Several pollutants are problematic, led by pathogens, sil- 



- Environmental Land Use Principles and Planning Analysis « Environmental Land Use Principles and Planning Analysis 9 

TABLE 13.12 Quality of Nation’s Waters, 2000 

Assessment 
nnn EERE 

Total Length Assessed Good Good, But Impaired Impaired 

Water Body or Area (%) (%) Threatened (%) 2000 (%) 1998 (%) 

Rivers, streams 3.69 million miles 19 53 8 39 35 

Lakes, ponds, reservoirs 40.6 million acres 43 47 8. 45 45 

Estuaries 31,072 sq. mi. 36 45 <4 Pao) 44 

Ocean shoreline waters 66,600 miles 5 79 7 14 12 

Great Lakes shoreline waters 5,500 miles 92 0 22) 78 96 

Source: U.S. EPA, 2000a, 2002 

TABLE 13.13 Causes and Sources of Impaired Waters in United States, 2000 (With Percent 
of Assessed Waters Impaired for Uses and by the Stressors and Sources) 

Rivers and Streams Lakes, Ponds, and Reservoirs Estuaries 

Uses Fish consumption (38%) Fish consumption (35%) Aquatic life (62%) 

Impaired Aquatic life (84%) Aquatic life (29%) Fish consumption (48%) 

Swimming (28%) Swimming (23%) Shellfishing (25%) 

Drinking water (14%) Drinking water (17%) Swimming (15%) 

Stressors Pathogens (Bacteria) (35%) Nutrients (50%) Metals (Primarily mercury) (52%) 

Siltation (Sedimentation) (31%) | Metals (Primarily mercury) (42%) Pesticides (38%) 

Habitat alterations (22%) Siltation (Sedimentation) (21%) Oxygen demanding (34%) 

Oxygen demanding (21%) Total dissolved solids (19%) Pathogens (30%) 

Nutrients (20%) Oxygen demanding (15%) Toxic organic (23%) 

Sources Agriculture (48%) Agriculture (41%) Municipal point sources (37%) 

Hydrologic modifications (20%) Hydrologic modifications (18%) Urban runoff/storm sewers (32%) 

Habitat modifications (14%) Urban runoff/storm sewers (18%) Industrial discharges (26%) 

Urban runoff (13%) Other nonpoint sources (14%) Atmospheric deposition (24%) 

Source: EPA, 2002 

tation, organics, nutrients, and metals. Main sources of impairment are agricul- 

tural and urban runoff and stream modification. 

For lakes, 35 percent are impaired for fish consumption, 29 percent for aquatic 

life, 23 percent for primary contact, and 17 percent for drinking water supply. 

Main pollutants causing impairment are nutrients (50%), metals (42%), siltation, 

organics, and dissolved solids (each 15-20%). Main sources are agricultural runoff 

(41%), hydromodification (18%) and urban runoff (18%). Hydromodification is 
conversion of natural channels or shoreline construction. Pathogens, organics, 
pesticides, metals, and nutrients from municipal point sources, urban runoff, and 

atmospheric deposition are the major causes of impairment in estuaries. Fish con- 
sumption (48%), aquatic life (52%), and shellfishing (25%) are the main estuary 
uses not supported (U.S. EPA, 2000a),. 

The Great Lakes are the most assessed and impaired of the nation’s waters. 
Major uses impaired are fish consumption (78%) and aquatic life (12%). Toxic 
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organic and other organic chemicals, pesticides, and nutrients from atmospheric 

deposition and discontinued sources are the main sources of impairment. The dis- 

continued industrial discharges and contaminated sediments are the legacy of 

past pollution (U.S. EPA, 2000a). 

Figure 13.20 shows the percentage of impaired waters within watersheds for 

1998. All of these data on the nation’s water quality demonstrate that despite 

significant improvements in the past 30 years since the passage of the Clean Water 

Act, we are far from achieving the goals of the Act. They also show that the main 

sources of remaining pollution are not the traditional industrial and sewage pipe 

discharges, but more diffuse land runoff and atmospheric deposition. 

Indicators of Water Quality 

Water quality criteria and standards provide the basis for most indicators of water 

quality. Thousands of monitoring stations throughout the country operated by 

state and federal agencies measure many of the traditional physical and chemical 

constituents: dissolved oxygen, biochemical oxygen demand, forms of nitrogen 

and phosphorus, pesticides, heavy metals, and others. These data are stored in 

two national water databases, STORET (1999 and after) and the Legacy Data Sys- 

tem (before 1999), and are accessible on the Internet (see http://www.epa.gov/ 

storet/about.html). Some of these data are available in real time. 

Water monitoring has historically focused on chemical and physical con- 

stituents. In the past decade, a broader range of indicators have been used to mon- 

itor water quality to represent expanding interests in aquatic ecology and water- 

shed health. For example, the EPA has developed a database from various sources 

to indicate overall watershed integrity. Box 10.2 lists the 22 indicators of watershed 

integrity (IWI) (www.epa.gov/iwi/help/indic/fs1.html). 

Figure 13.20 Percentage of Impaired Waters by Eight-Digit Hydrologic Unit Code. Source: U.S. 

EPA (2000b). 
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Biological monitoring samples fish and macroinvertebrate species that indicate 

overall health of water systems rather than a snapshot look at water quality con- 

stituents. Different approaches to water body assessment include watershed sur- 

veys and habitat assessment for measuring physical conditions, macroinvertebrate 

sampling to measure biological condition, and measuring water quality con- 

stituents to reveal chemical conditions. See later section and appendices 13.B-C. 

Because national data monitoring cannot address all local water quality prob- 

lems, agencies have encouraged volunteer groups to provide information they 

monitor. As discussed later in this chapter, volunteer water quality monitoring, 

through groups like the Izaak Walton League’s Save Our Streams (SOS) program, 

has improved in sophistication and reliability. By the early 1990s, 38 states had vol- 

unteer programs with over 24,000 participants monitoring 1,000 streams; 2,800 

lakes, ponds, and wetlands; and four major estuaries. These programs have gained 

the respect of state and federal environmental agencies, which have adopted 

volunteer-gathered data in their water quality databases. 

Land Use Practices and Nonpoint Sources (NPS) Pollution 

As already mentioned more than half of the pollutants entering the nation’s waters 

comes from runoff. The most pervasive problem is agricultural sources (affecting 

more than 60% of all river basins), followed by urban sources (runoff, hydro- 

modification, discharges) (affecting 50%), mining runoff (10%), and silvicultural 

runoff (10%). 

Figure 13.21 gives an overview of land use practices that cause runoff pollution 

(first column), the results and consequences to receiving waters (second and third 

columns), and potential controls (fourth column). The table is divided into the 

major land uses and practices causing NPS pollution: agriculture crop production, 

agriculture animal production, forestry, mining, and urban development. Some 

examples include the following: 

» Soil disturbance caused by agricultural cultivation and land develop- 

ment can result in erosion that will cause sedimentation of streams, 

lakes, or estuaries, which can smother bottom feeding or benthic organ- 

isms. Conservation tillage (which leaves some crop residue to reduce ero- 

sion), contour cropping, or filter strips aim to control agricultural erosion 

at the source, while level spreaders, filters strips, ponds, and wetlands 

can remove suspended solids before they enter waterways. 

« Excessive use of fertilizer in agriculture or urban uses can result in 

runoff laden with plant nutrients, which can lead to algal growth in lakes 

and estuaries. Nutrient management programs aim to control excess appli- 
cation by calculating fertilizer loading to match plant uptake. Filter strips 
and vegetative buffers can absorb nutrients before they enter waterways. 
Pesticides used in agriculture, silviculture, and urban land uses, can be 
carried by runoff contributing to toxic pollution of receiving waters. Input 
management and integrated pest control (which relies on nonchemical 
means of pest management and selective chemical use) can reduce pesti- 
cide pollution. 
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» Animal concentration in feedlots produces large amounts of organic 

wastes that can be carried by runoff in high concentrations and overload 

receiving waters, depleting the water’s dissolved oxygen and causing fish 

kills. For such concentrated facilities, collection and treatment of runoff 

is generally required. 

« Animals grazing in open pasture can overgraze available grass, 

exposing soil and creating erosion problems. In addition, animals tend to 

concentrate on stream banks, the so-called cows-in-creeks syndrome, 

which causes organic pollution and destruction of channel banks. Spatial 

control through fencing is necessary to reduce impact. 

« Mining disturbs the land, not only creating conditions for erosion, but 

also often altering drainage patterns. Benches cut into slopes, check 

dams, and level spreaders can help alleviate runoff and pollution prob- 

lems during operations. Extensive reclamation and revegetation of mined 

lands is necessary to solve long-term erosion and NPS problems. 

In forestry operations, cutting of access roads and harvesting 

methods increase erosion, particularly in proximity to stream channels 

and with greater land disturbance. Controls include building roads and 

trails along contours and providing vegetated or artificial filter strips to 

intercept runoff, and maintaining natural buffers along water bodies. 

» Urban runoff carries 

= sediment from construction activities; 

= nutrients and pesticides from excessive uses on lawns, gardens, and golf 

courses; 

= organic material and floating debris from roadside litter; and 

= petrochemicals and toxic substances from transportation residues and air 

pollution fallout. More than one-half of the substances on EPA's list of 129: 

priority toxic chemicals have been found in urban runoff. 

» Hydraulic modification of channels, shorelines, and riparian areas for 

drainage or land development is another source of pollution into water- 

ways and cause of channel and habitat destruction. 

Urban Runoff and the First Flush Effect 

Urban runoff pollutants are carried in highest concentration during the first part 

of a storm event, the so-called first flush effect. Monitoring and modeling 
research in the early to mid-1970s established a simple standard that was adopted 
by many communities trying to control stormwater pollution: Size your stormwa- 
ter control measure to capture the runoff from the first portion of a storm, and 
you'll treat 90 percent of the annual pollutant load. As a result, urban stormwater 

pollution control strategies normally focus on a storm’s initial runoff or use a lower 
frequency or smaller design storm. For example, an area’s 1-year 24-hour storm 
may be 2 inches and its 10-year 24-hour storm is 5 inches. Although we may wish 
to control stormwater from the larger storm to mitigate flooding, controlling runoff 
from the smaller storm may be sufficient to manage water quality. 
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For many years it was believed that this 90 percent objective could be achieved 

by capturing and treating the first half-inch of runoff in any storm. This “half- 

inch” rule was adopted in many ordinances, but field studies showed that though 

it was effective in areas of 30 percent and less impervious cover, the half-inch 

runoff carried less than 90 percent at greater imperviousness. One study showed 

that at 50 percent impervious cover, the first half-inch carried 75 percent of TSS, 

and-at 70 percent it carried only 53 percent (Chang, Parrish, and Souer, 1990). 

As a result, rather than assuming the first “half-inch” rule, stormwater controls 

now calculate the “water quality volume” (WQ_) or the volume of storage needed 

to capture and treat 90 percent of the average annual stormwater pollutant load, 

based on impervious surface. These calculations are discussed in the next chapter. 

| Estimating Runoff Pollution: The Simple Method 

The Simple Method was developed by Schueler (1987) to estimate pollutant loads 

from an urban site or catchment. The method has been shown to give reasonable 

results compared with more complex models (Ohrel, 1996). 

The pollutant load equation for chemical contaminants is the following: 

L=0.226xXRX CX A 

where L=Annual load (Ibs) 

R= Annual runoff (inches) 

C= Pollutant concentration (mg/l) 

A= Area (acres) 

0.226 = Unit conversion factor 

The modified equation for bacteria is: 

L=103X RX CXA 

where L=Annual load (Billion Colonies) 

R=Annual runoff (inches) 

C= Bacteria concentration (1,000/ ml) 

A= Area (acres) 

103 = Unit conversion factor 

The annual runoff (R) is the product of annual rainfall, and a runoff 

coefficient (R,). 

R=PX PX R, 

where R= Annual runoff (inches) 

P= Annual rainfall (inches) 

P;= Fraction of annual rainfall events that produce runoff (usually 0.9) 

R, = Runoff coefficient 
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TABLE 13.14. Pollutant Concentrations from Source Areas 

Constituent TSS TP TN F Coli Cu Pb Zn 

Land Use/Units mg/l mgl mg/l 1000col/ml pg pel pe/l 

Urban average 55: 0.26 2.0 1.5 5h 129 Lit 

Residential roof 19 0.11 Is 0.26 20 2 Si 

Res./com. parking 2 Ut ‘ass 1.8 Sl 28 139 

Residential street if 0.55 1.4 SH 25 51 Ls 

Lawns 602, 24 9.1 24 17 ily 50 

Gas station ii — — — 88 80 290 

Heavy industry 124 = _ — 148 290 1600 

Sources: New York, 2002; Schueler, 1999; Smullen and Cave, 1998; Clayton and Schueler, 

1996; Steuer, et al., 1997 

The runoff coefficient (R,) is calculated based on impervious cover in the sub- 

watershed. 

R,=0.05 + 0.91, 

where —_/,=Impervious fraction 

The stormwater pollutant concentration (C) is usually estimated from 

national data. Table 13.14 gives average data from a number of monitoring studies 

of urban stormwater for concentrations of pollutants from various urban land 

uses. The Simple Method assumes these values. If a catchment or site has a mix of 

land covers, an average value weighted by the percentage of the land cover should 

be calculated. 

Example: 

Using the Simple Method, calculate the stormwater pollutant load of sus- 

pended solids (TSS) of a 2-inch, 24-hour storm from a 2-acre urban site that is 

30 percent impervious and has typical urban runoff pollutant concentrations. 

C=55 mg/l 

R,=0.05 + 0.9(/,) = 0.05 + 0.9(0.30) = 0.32 

R=PX PX R,=2 X 0.9 X 0.32=0.52in 

L=0.226 X RX CX A=0.226 X 0.52 X 55 X 2=12.9 lbs TSS 

Effects of Land Use on Stream Integrity 

The effects of land use on peak flows and runoff pollution damage the physical and 
biological integrity of natural channels. In addition, reduced infiltration reduces 
groundwater storage and reduced dry weather stream flows. Urbanization directly 
and indirectly causes the destruction of natural creeks and streams. 
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Figure 13.22 Relationship of Watershed Impervious Surface Coverage to Stream Health. 
Source: Tom Schueler, 2000, “Basic Concepts in Watershed Planning.” Reprinted courtesy of 

Center for Watershed Protection. 

= Lower base- and dry-weather flows adversely affect stream ecology 

and riparian vegetation. 

« Traditional stormwater engineering practices often convert natu- 

ral channels to underground pipes and culverts or concrete lined chutes 

in an effort to increase drainage capacity; however, this destroys the aes- 

thetic and environmental amenities these creeks provide. 

= Further, the higher, more frequent and faster-moving flows caused by 

land development exacerbate stream erosion, undermining waterside 

trees and residential property. 

= Erosion damage and more frequent downstream flooding create addi- 

tional pressure for conversion of creeks to lined channels. 

Stream Integrity and Impervious Surfaces 

Many analysts have argued that impervious surface coverage in a watershed is 

a good indicator of potential impact on stream health. As discussed earlier, urban- 

ization increases impervious cover, reducing infiltration and increasing runoff 

during storms and reducing stream baseflows between storms (table 13.1). Figure 

13.22 gives Schueler’s simple relationship between imperviousness and stream 

health. According to the model, more than 10 percent impervious surface in a 

watershed can impact stream health, while more than 25 percent can degrade 

stream health to nonsupporting beneficial uses (Schueler, 2000). 

Others have argued that imperviousness alone may be too simplistic to capture 

the effects of urban development on stream quality. First, the effects of impervious 

surfaces will depend on if they are hydraulically connected to the stormwater 
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drainage system. Second, there are land use practices that can lessen the effects of 

development on runoff, NPS pollution, and other stream impacts. Although many 

aim to reduce imperviousness, others increase infiltration and slow the accumula- 

tion of runoff through various detention devices. These practices reduce the effec- 

tive impervious area (EIA) or the directly connected impervious area to the 

storm drain system in a catchment or watershed. These measures are described in 

the next chapter. The following section discusses methods used to assess the 

integrity and capacity of natural channels as well as stream water quality. 

Stream Assessment 

Stream assessment is important for monitoring stream integrity, identifying 

restoration problems and opportunities, as well as evaluating stream or watershed 

projects. A monitoring program should follow a clear strategy with defined objec- 

tives, an assessment design including sampling and data interpretation, and a 

reporting program. The evaluation objectives will determine the assessment tools 

and indicators, as shown in table 13.15. 

There are four approaches to stream monitoring: 

» Watershed survey to identify watershed boundaries, upland land use, pol- 

lution sources, and stream corridor physical dimensions and conditions. 

» Habitat assessment to determine riparian conditions including vegeta- 

tion, erosion, and other impairment. 

TABLE 13.15 Stream Assessment Objectives and Evaluation Tools and 
Indicators 

General Objectives Evaluation Tools and Indicators 

Assess watershed trends Land use/land cover 

Land management 

Topography and soil types 

Evaluate hydrologic changes Channel dimensions 

Water depth and velocity 
Rates of bank and bed erosion 

Flood stage surveys 

Improve riparian habitat Percent vegetative cover 

Buffer width and condition 

Wildlife use, species diversity 
Improve aquatic habitat Pool/riffle composition, water depth 

Percent cover and shading 

Bed material composition 
F Biological assessments 

Improve water quality Dissolved oxygen 

Priority pollutants 

Turbidity, suspended solids, floating matter 

Biological assessments nnn MSO et ee 

Adapted from: U.S. EPA, Watershed Academy, 2000 
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» Macroinvertebrate sampling to indicate aquatic habitat and water quality 

integrity and impairment. 

» Water quality sampling to measure water quality and identify water 

pollution. 

The tiered framework for doing stream assessments includes four progressively 

more.complex activities: 

= Stream or watershed walk to gather visual and dimensional data 

» Streamside biosurvey to collect and evaluate macroinvertebrates at the 

side of the stream 

» Channel capacity and erosion assessment 

» Intensive biosurvey to collect biotic species and water samples and ana- 

lyze them in the laboratory 

Visual surveys and streamside biosurveys are described here based on two publica- 

tions, EPA’s Volunteer Stream Monitoring: A Methods Manual (1997) and NRCS’s 

Stream Visual Assessment Protocol (1998). The procedures in these publications 

draw heavily from other protocols (e.g., Izaak Walton League of America, 1994; 

California Department of Fish and Game, 1996). Most of these approaches modify 

professional assessment protocols for volunteer implementation. Thus, they are 

made to be straightforward, simple, and quite appropriate for our discussion. 

Watershed Survey 

The watershed survey begins by delineating the watershed of the stream reach 

being assessed. This procedure using a topographic map was described in box 

13.1. Quite often the causes of stream impairment are upland uses and non- 

point pollution sources. Walking the land of the watershed and sketching onto 

the watershed map land uses, impervious cover, potential runoff pollution 

sources, drainage characteristics, vegetative cover, and other characteristics can 

reveal watershed improvements needed for stream restoration. Existing maps, 

aerial photos, and other available information can be very useful in watershed 

assessments. 

Stream Walk and Visual Assessment 

A systematic stream walk using an accepted protocol provides a useful assessment 

of the conditions of the riparian habitat and stream banks. Channel dimensions 

can also be measured for use in channel capacity calculations (see next section). 

The NRCS visual assessment protocol gives a good illustration of procedures and 

results (USDA, NRCS, 1998), but other methods are also available. Some of the 

useful measures gathered in the stream walk include stream channel and bank 

characteristics relating to width and depth, pools and riffles, substrate (channel 

bottom), shading, and cover. Also included are water characteristics like appear- 

ance, odor, and temperature. Some of these dimensions are used to assess chan- 
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nel capacity, velocity, and erosion. Box 13.2 describes things to look for in a stream 

walk. 

The NRCS protocol assesses up to 15 indicators that are combined into an 

index score of overall stream condition. The indicators include the following: 

¢ Channel condition 

¢ Hydrologic alteration 

¢ Riparian zone 

e Bank stability 

e Water appearance 

¢ Nutrient enrichment 

¢ Instream fish cover 

¢ Barriers to fish movement 

¢ Pools 

¢ Insect/invertebrate habitat 

* Canopy cover: coldwater or warmwater fishery (if applicable) 

e Manure presence (if applicable) 

¢ Salinity (if applicable) 

¢ Riffle embeddedness (if applicable) 

° Macroinvertebrates observed (if applicable) 

Appendix 13.B gives the assessment form and the scoring procedure for each 

indicator. Assessment scores are logged on the form, and an average score (the 

sum of the scores divided by the number of indicators used) is calculated. 

A visual biological survey notes the presence of fish, fish barriers, aquatic vege- 

tation, and algae. Fish can indicate stream quality sufficient for other organisms. 

Aquatic plants provide food and cover for aquatic organisms. Algae are simple, 

unrooted plants that mainly live in water and provide food for the food chain. 

Excessive algal growth may indicate excessive nutrients (organic matter or a pol- 

lutant such as fertilizer) in the stream. 

Streamside Biosurvey 

The streamside biosurvey assesses stream macroinvertebrates or nonfish species. 

The presence, absence, and abundance of both sensitive and tolerant species 

serve as a useful indicator of stream health and water quality. Biosurvey methods 

have been used by water quality agencies and volunteer monitoring programs for 

two decades. The Izaak Walton League of America institutionalized the method in 

its Save Our Streams (SOS) program and variations have been used throughout 

the United States. Several thousand monitoring groups now assess streams, and the 

results have proven to be so reliable that state and federal agencies now accept 

them in their water quality databases. 

A biosurvey protocol is discussed in appendix 13.C. It is drawn from the EPA's 
Volunteer Stream Monitoring: A Methods Manual (1997). The method gathers, 
sorts, and counts macroinvertebrates present in a sampling reach and computes a 
stream health indicator based on the abundance and distribution of species. 



BOX 13.2—Useful Measures Gathered in a Stream Walk 

= Stream bank and channel characteristics 

= Location of pools, riffles, and runs; depth of runs 
and pools 

= Width of the stream channel, hydrologic and topo- 

graphic floodplains; depth o of thalweg and bankfull 

channel (see figure 13. 8) 

a Stream bottom (substrate) is the material on the 

stream bottom. Identify what substrate types 

are present: 

Silt/clay/mud—this fine-particle substrate 

has a sticky, cohesive feeling. Sediments 

behave like ooze. 

Sand (up to 0.1 inch)—Tiny, gritty particles of 

rock smaller than gravel, coarser than silt. 

Gravel (0.1—2 inches) —From quarter-inch 

pebbles (fine pea gravel) to 2-inch rocks 

(coarse gravel). 

_Cobbles (2-10 inches)—Between 2 and 

10 inches (tennis ball to basketball size). 

Boulders (greater than 10 inches)—Most of 

the rocks range from basketball to car size. 

Bedrock—Solid rock; rocks bigger than a car 

_ Embeddedness—The extent to which gravel, 
cobbles, and boulders are sunken into the 

stream bottom 

= Stream velocity: Mark off a 20-foot section of 

stream run and measure the time it takes a stick, 

leaf, or other floating object to float the 20 feet. 

Repeat 5 times and pick the average time. Veloc- 

ity = 20 ft/average time. 
a Shape of the stream bank, the extent of artificial 

modifications and erosion. 

Vertical or undercut bank—A bank that rises 

vertically or overhangs the stream. Although 

this type of bank can provide good cover for 

macroinvertebrates and fish and be resistant 

to erosion, if seriously undercut, it might be 

vulnerable to collapse. 

~ Steeply sloping—A bank that slopes at more 

than a 30-degree angle. This type of bank is 

very vulnerable to erosion. 

Gradual sloping—A bank that has a slope of 

30 degrees or less. Although this type of 

stream bank is highly resistant to erosion, it 

does not provide much streamside cover. 

Unde rcut : 
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= Presence of logs or woody debris that slows 

or diverts water can provide important fish 

habitat. 
= Streamside cover information helps determine 

the quality and extent of the stream’s riparian 

zone. 
= Stream shading is the extent to which the stream 

itself is overhung and shaded by the cover. 

Water Characteristics 

= Water appearance can be a physical indicator of 

water pollution. 

Clear—colorless, transparent 

Continued > 
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BOX 13.2—(continued) 

Milky—cloudy-white or gray, not transpar- =» Water odor can be a physical indicator of water 

ent; might be natural or due to pollution pollution 

Foamy—might be natural or due to pollu- No smell or a natural odor 

tion, generally detergents or nutrients 

Turbid—cloudy brown due to suspended silt 

or organic material 

Sewage—might indicate the release of 

human waste material 

~ Chlorine—might indicate overchlorinated 
Dark brown—night indicate that acids are 

being released into the stream due to decay- 

ing plants 

Oily sheen—multicolored reflection might 

indicate oil floating in the stream, although 

some sheens are natural 

Orange—mnight indicate acid drainage 

Green—might indicate excess nutrients 

being released into the stream 

sewage treatment/water treatment plant 
Fishy—might indicate the presence of exces- 

sive algal growth or dead fish 

Rotten eggs—might indicate sewage pollu- 

tion (the presence of methane from anaero- 

bic conditions) 

= Water temperature 

Digital Field Monitoring 

Field monitoring by volunteer groups relies on paper forms for recording informa- 

tion, but these forms are not optimal for efficient data collection, entry, and dis- 

play. Recently, these accepted protocols have been adapted to allow the digital 

entry and storage of data using handheld computers or personal digital assistants 

(PDAs), global positioning systems (GPSs), digital water quality sensors, and digi- 

tal cameras (for visual assessments) (see figure 13.23). The use of these tools.and 

emerging software (e.g., CyberTracker™, Excel, ArcView/ArcGIS, and ArcIMS) 

allows an efficient means of collecting, recording, storing, analyzing, and mapping 

stream, watershed, habitat, and wildlife data, then presenting the results in an 

interactive format on the Internet. 

CyberTracker™ is a data collection tool developed in South Africa to tap the 

unique knowledge and expertise of illiterate South African bushmen to monitor 

the movements and behavior of wildlife. Programmed into a PDA witha GPS unit, 

bushmen simply point at an icon on the screen when they see a species, tracks, or 

other indicator (figure 13.23b), and the data and GPS location are automatically 

stored. Anderson (2001) adapted the fully programmable, freeware software for 

stream survey data collection. Data monitored in the field are entered onto the 

PDA touchpad. The GPS automatically enters into the PDA the spatial location of 

the data and any digital photos taken. Back in the office, the data are downloaded 
into a spreadsheet, checked, and then transferred to a GIS, complete with loca- 
tion coordinates. Figure 13.23d shows the GIS project file with digital topographic 
map on which red pluses indicate the data collection locations. By clicking the 
mouse on a location, the data and photo pop up. Anderson (2001) tested the tools 
and protocol using both experienced stream surveyors and schoolchildren with 
great success. 
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Figure 13.23 Tools for Digital Monitoring: PDA, GPS (A), CyberTracker (B), Digital Camera 

(C). GIS ArcView project resulting from Stream Survey (D). Click on map location (red pluses) 

and stream data and photo pop up. (Anderson, 2001) 
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Assessing Channel Capacity and Excessive Channel Erosion 

Urban streams face a survival challenge as a result of upstream impervious sur- 

face. More frequent and higher storm flows reach and exceed the bankfull 

capacity of channels more often, resulting in excessive flooding and channel 

erosion. The typical remedy is to “improve” the drainage characteristics of the 

channel by straightening, widening, and lining. Unfortunately, this destroys the 

natural ecological, aesthetic, and other environmental benefits of natural 

creeks. Efforts to preserve and restore natural streams must consider the flow 

capacity and erosive forces of the channels. Stream preservation efforts must 

assess hydraulic characteristics of the channel, including its flow capacity and 

erosion problems. 

Assessment methods for channel capacity use open channel flow calculations 

based on two equations (see figures 13.8 and 13.16): 

Manning's Equation: 

Vea ao Ree SlZ (Eq. 13-6) 

n 

where V=the average velocity in the channel (ft/sec) 

n=Manning’s roughness coefficient, based on the lining of the channel 

R= the hydraulic radius (feet) 

$ =the slope of the channel (elevation drop (ft)/linear foot) 

The Continuity Equation: 

Q=AV 

Where Q=flow in the channel (cfs) 

A=cross-sectional area of the channel (sq. ft) 

V=average velocity in the channel (ft/sec) 

This method is used to determine bankfull velocity and bankfull capacity 

(see figure 13.8). A channel is considered to be “adequate” if: (1) its capacity is 

greater than the streamflow of a design frequency storm, and (2) the channel is 

resistant to the erosion from the bankfull flow velocities. If the assessment of a nat- 

ural channel fails the first test (i.e., insufficient capacity), measures must be con- 

sidered to reduce runoff flows in the watershed; or the channel may have to be 

modified to increase its capacity. If the channel fails the velocity test, the segments 

of the stream susceptible to erosion can be treated with vegetation and/or rocks to 

reduce the erosion potential (see chapter 14). 

The procedure for assessing natural streams and designing human-made or 

restored channels is essentially the same. For channel design, you assess an 
assumed channel size using the procedure; if it is too big or small, you adjust the 
size and test it again. The procedure has three main steps: 

1. Determine the “required” flow capacity (i.e., the peak discharge from 
the design storm) and the “permissible” velocity of the channel (i.e., 
the maximum velocity without erosion for the channel lining or banks). 
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2. Calculate the channel velocity using the Manning Equation and the 

channel capacity using the Continuity Equation. 

3. Compare the results from (1) to those from (2): If the channel velocity 

is greater than the “permissible velocity,” excessive erosion is likely; if 

the channel capacity is less than the “required” capacity, excessive 

flooding is likely. Remedial action or a modified design is required. 

To solve the Manning and Continuity equations, you need stream data from a 

stream walk survey as well as some design tables. The procedure and design tables 

are given in appendix 13.D. 

Summary 

Water has a major effect on the landform, shaping the land through erosion and 

deposition. Likewise, land use has a significant influence on water balance, affect- 

ing infiltration and runoff, peak and baseflows. Although any land disturbance will 

change the water balance, land development and urbanization and their associ- 

ated impervious surfaces inhibit infiltration and speed runoff. These effects com- 

bine to cause higher peak discharges and greater stormwater and flooding prob- 

lems during major storm events and reduced baseflows and low flows between 

storms and during drought. While much attention has been given to land develop- 

ment impacts on peak flows because of potential economic damages, impacts on 

low flows have a significant effect on stream ecology. It is not uncommon for urban 

streams to dry up during drought because reduced infiltration limits subsurface 

baseflow for the streams. In addition, increased storm flows carry with them a 

range of water pollutants. 

Several methods now exist to assess the effect of changing land use on water 

flows, including peak storm flows, runoff pollution, and stream integrity. This 

chapter and appendices describe a number of these techniques, including the 

Rational Method, TR 55, the Simple Method, stream surveys, and testing channel 

capacity. Managing stormwater and natural channels involves applying these and 

other analytical methods to inform land development and design as well as preser- 

vation and restoration decisions. The next chapter presents approaches to 

stormwater management and stream restoration, including a range of stormwater 

management practices. 
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TR 55 Step 1 Examples 

See Step 1 example 2-2 in chapter 13 text. 
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Example 2-3 

This example is the same as example 2-2 in chapter 13, except that the 1/2-acre 

lots have a total impervious area of 35 percent. For these lots, the pervious area is 

lawns in good hydrologic condition. Since the impervious area percentage differs 

from the percentage assumed in table 13.5 (2-2 in TR 55), use figure 13.15a (2-3 

in TR 55) to compute CN. 

Worksheet 2: Runoff curve number and runoff 

Doan Dyer Coane pee Checked NM Date 10/3/85 

Check one: | Present X Developed 

1. Runoff curve number 

Soil name Cover description 
and 

hydrologic CN xarea 

group 
(cover type, treatment, and hydrologic condition; percent 

(appendix A) impervious; unconnected/connected impervious area ratio) Figure 2-4 

35% impervious 
1/2 acre lots, good condition Memphis, B 

35% impervious 
1/2 acre lots, good condition Loring, C 

Loring, C Open space, good condition 

/ Use only one CN source per line 250} 19,300 

CN (weighted) = _tolalproduct 10800 ea TI De ; Use CN 
total area 

2. Runoff 

Storm #2 Storm #3 Storm #14 

25 

6.0 

FROGUGM CV een rcese stot crusneereeererscanfercauntee 

Rainfall, P (24-hour) .essesscescessssnssvsesene | 

FRUIT: QR oecesseenhtaacasrcesevepereeseresoesesaesourn in 

(Use P and CN with table 2-1, figure 2-1, or 

equations 2-3 and 2-4) 

3.48 

A15 
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Example 2-4 

This example is also based on example 2-2, except that 50 percent of the impervi- 

ous area associated with the 1/2-acre lots on the Loring soil is “unconnected,” that 

is, it is not directly connected to the drainage system. For these lots, the pervious 

area CN (lawn, good condition) is 74 percent and the impervious area is 25 per- 

cent. Use figure 13.5b (2-4 in TR 55) to compute the CN for these lots. CNs for the 

1/2-acre lots on Memphis soil and the open space on Loring soil are the same as 

those in example 2-2. 

Worksheet 2: Runoff curve number and runoff 

“ores 
oN Dyer County, Tennessee “10/3/85 
Check one: O Present pit Developed 

1. Runoff curve number 

Product 

of 

CN x area 

Soil name 

and 

hydrologic 
group 

Cover description 

(cover type, treatment, and hydrologic condition; percent 

impervious; unconnected/connected impervious area ratio) (appendix A) Table 2-2 Figure 2-3 

25% connected impervious 
1/2 acre lots, good condition Memphis,B 

25% impervious with 50% unconnected 

1/2 acre lots, good condition Loring, C 

Loring, C Open space, good condition 

av) Use only one CN source per line 

18,600 

CN (weighted) = total product _ 18,600  _ 74.4 

total area 250 Use CN > 

2. Runoff 

Storm #2 Storm #1 Storm #3 

25 EIOQUENCY)  Jantscictesssspaitentematers arene 

Rainfall, P (24-HOUF) essscueessmessnnsene 6.0 

Fim Off @ eaten yaeon eee cceenie eae ann 

(Use P and CN with table 2-1, figure 2-1, or 

equations 2-3 and 2-4) 

S19 
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USDA Stream Visual Assessment 

The NRCS protocol assesses up to 15 indicators that are combined into an index 

score of overall stream condition. The indicators include the following: 

=» Channel condition 

= Hydrologic alteration 

a Riparian zone 

= Bank stability 

= Water appearance 

» Nutrient enrichment 

= Instream fish cover 

» Barriers to fish movement 

= Pools 

= Insect/invertebrate habitat 

= Canopy cover: coldwater or warmwater fishery (if applicable) 

« Manure presence (if applicable) 

« Salinity (if applicable) 

= Riffle embeddedness (if applicable) 

= Macroinvertebrates observed (if applicable) 

The assessment form is given here (see figure 13.B.1 and table 13.B.1). The 

stream reach and environs are sketched and described on the form. Assessment 

scores are determined for each factor based on the 1-10 scoring system on the fol- 

lowing pages. The scores are logged on the form and an average score (the sum of 

the scores divided by the number of indicators used) is calculated. A score of >9.0 

is excellent; a score of <6.0 is poor. 
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Site Diagram 

Pasture 

Assessment Scores 

Channel condition 

Hydrologic alteration 

Riparian zone 

Bank stability 

Water appearance 

Nutrient enrichment 

Barriers to fish movement 

SIGBIRIEIEIE SIE Instream fish cover 

Figure 13.B.1 USDA Stream Visual Assessment 

Overall score 

Evidence of. 
concentrated 

Pools 

Invertebrate habitat Sika 
Score only if applicable 

Canopy covet. 

Manure presence 

Salinity 
Fa. 

Riffle embeddedness 

IEE) Marcroinvertebrates 
Observed (optional) 

(Total divided by number scored) 

76/14 

flow 

6.1-7.4 

75-8.9 

>9.0 

Fair 

Good 

Excellent 
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TABLE 13.B.1 

1999) 

Channel Condition 

Natural channel; no 

structures, dikes. No 

evidence of downcutting 

or excessive lateral 

cutting. 

10 

Hydrologic Alteration 

Flooding every 1.5 to 2 

years. No dams, no water 

withdrawals, no dikes or 

other structures limiting 

the stream’s access to the 

floodplain. Channel is not 

incised. 

10 

Riparian Zone 

Natural vegetation 

extends at least two 

active channel 

widths on each side. each side. on each side. on each side. 

or or 

If less than one width, Filtering function 

covers entire flood moderately 

plain. compromised. 

10 8 D 3 

Bank Stability 

Banks are stable; banks are 

low (at elevation of active 

floodplain); 33% or more 

of eroding surface area of 

banks in outside bends is 

protected by roots that 

extend to the baseflow 

elevation. 

10 

tends one active 

channel width on 

Evidence of past channel 

alteration, but with 

significant recovery of 

Channel and banks. Any 

* dikes or levies are set back 

to provide access to an 

adequate floodplain. 

id 

Flooding occurs only once 

every 3 to 5 years; limited 

channel incision. 

or 

extends half of the 

active channel width 

Altered channel; <50% of 

the reach with riprap and/ 

or channelization. Excess 

aggradation; braided 

channel. Dikes or levees 

restrict floodplain width. 

3 

Flooding occurs only once 

every 6 to 10 years; 

channel deeply incised. 

or 

tends a third of the 

active channel width 

Factors and Scoring Descriptions for Visual Stream Assessment (USDA, NRCS, 

Channel is actively 

downcutting or widening. 

>50% of the reach with 

riprap or channelization. 

Dikes or levees prevent 

access to the floodplain. 

1 

No flooding; channel deeply 

incised or structures 

prevent access to flood plain 

or dam operations prevent 

Withdrawals, although Withdrawals significantly flood flows. 

present, do not affect affect available low flow or 

available habitat for biota. habitat for biota. Withdrawals have caused 

severe loss of low flow 

habitat. 

or 

Flooding occurs on a 1-year 

rain event or less. 

i 3 1 

Natural vegetation ex- Natural vegetation Natural vegetation ex- Natural vegetation less 

than a third of the 

active channel width 

on each side. 

or 

Lack of regeneration. 

or 

Filtering function 

severely 

compromised. 

1 

Moderately stable; banks are Moderately unstable; banks Unstable; banks may be low, 

low (at elevation of active 

floodplain); less than 33% 

of eroding surface area of 

banks in outside bends is 

protected by roots that 

extend to the baseflow 

elevation. 

df 

may be low, but typically 

are high (flooding occurs 1 

year out of 5 or less 

frequently); outside bends 

are actively eroding 

(overhanging vegetation at 

top of bank, some mature 

trees falling into steam 

annually, some slope 

failures apparent). 

2 

but typically are high; some 

straight reaches and inside 

edges of bends are actively 

eroding as well as outside 

bends (overhanging 

vegetation at top of bare 

bank, numerous mature 

trees falling into stream 

annually, numerous slope 

failures apparent). 

1 
Spee nan Cre 
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TABLE 13.B.1 (Continued) Factors and Scoring Descriptions for Visual Stream Assessment 

(USDA, NRCS, 1999) 

Water Appearance 

Very clear, or clear but tea- | Occasionally cloudy, Considerable cloudiness Very turbid or muddy 

colored; objects visible at especially after storm most of the time; objects appearance most of the 

depth 3 to 6 ft (less if event, but clears rapidly; visible to depth 0.5 to 1.5 time; objects visible to depth 

slightly colored); no oil objects visible at depth 1.5 _ft; slow sections may <0.5 ft; slow-moving water 

sheen on surface; no to 3 ft; may have slightly appear pea green; bottom . _may be bright green; other 

noticeable film on green color; no oil sheen rocks or submerged obvious water pollutants; 

submerged objects or on water surface. objects covered with heavy _ floating algal mats, surface 

rocks. green or olive-green film. scum, sheen 

or or 

Moderate odor of ammonia Heavy coat of foam on 

or rotten eggs. surface. 

or 

Strong odor of chemicals, oil, 

sewage, other pollutants. 

10 7 3 1 

Nutrient Enrichment 

Clear water along entire Fairly clear or slightly Greenish water along entire Pea-green, gray, or brown 

reach; diverse aquatic greenish water along reach; overabundance of water along entire reach; 

plant community includes __ entire reach; moderate lush green macrophytes; dense stands of 

low quantities of many algal growth on stream abundant algal growth, ..__ macrophytes clog stream; 

species of macrophytes; substrates. especially during warmer severe algal blooms create 

little algal growth present. months. thick algal mats in stream. 

10 i 3 1 

Instream Fish Cover 

>7 cover types 6 to 7 cover types 4 to 5 cover types 2 to 3 cover types None to 1 cover type 

available available available available available 

10 8 5 ss) 1 

Cover types: Logs/large woody debris, deep pools, overhanging vegetation, boulders/cobble, riffles, undercut banks, thick 

root mats, dense macrophyte beds, isolated/backwater pools, other: 

Barriers to Fish Movement 

No barriers Seasonal water Drop structures, Drop structures, Drop structures, 

withdrawals inhibit culverts, dams, or culverts, dams, or culverts, dams, or 

movement within diversions (<1 foot diversions (>1 foot diversions (>1 foot 

the reach. drop) within the drop) within 3 miles _—_ drop) within the 

reach. of the reach. reach. 

8 5 3 1 

Pools 

Deep and shallow pools Pools present, but not Pools present, but shallow; _ Pools absent, or the entire 
abundant; greater than abundant; from 10 to 30% from 5 to 10% of the pool bottom is discernible. 
30% of the pool bottom is of the pool bottom is bottom is obscure due to 
obscure due to depth, or obscure due to depth, or depth, or the pools are less 

the pools are at least 5 the pools are at least 3 than 3 feet deep. 

feet deep. feet deep. 

10 if 3 1 
eee 



TABLE 13.B.1 (Continued) 

(USDA, NRCS, 1999) 

Insect/Invertebrate Habitat 

At least 5 types of habitat Three to 4 types of habitat. 

available. Habitat is at a Some potential habitat 

stage to allow full insect exists, such as 

colonization (woody debris overhanging trees, which 

and logs not freshly “will provide habitat, but 
fallen). have not yet entered the 

stream. 

10 a 

Cover types: Fine woody debris, submerged logs, leaf packs, undercut banks, cobble, boulders, coarse gravel, other: 

Macroinvertebrates Observed 

Community dominated by Community dominated by 

Group I or intolerant Group II or facultative 

species with good species species, such as damsel- 

diversity. Examples flies, dragonflies, aquatic 

include caddisflies, sowbugs, blackflies, 

mayflies, stoneflies, crayfish. 

hellgrammites. 

15 6 

Coldwater Fishery Canopy Cover (if applicable) 

>75% of water surface >50% shaded in reach. 

shaded and upstream 2 to or 

3 miles generally well >75% in reach, but 

shaded. upstream 2 to 3 miles 

poorly shaded. 

10 W 

Warmwater Fishery Canopy Cover (if applicable) 

25 to 90% of water surface >90% shaded; full canopy; 

One to 2 types of habitat. 

Community dominated by 
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Factors and Scoring Descriptions for Visual Stream Assessment 

None to 1 type of habitat. 

The substrate is often 

disturbed, covered, or 

removed by high stream 

velocities and scour or by 

sediment deposition. 

3 1 

Very reduced number of 

species or near absence of 

all macroinvertebrates. 

Group III or tolerant 

species, such as midges, 

craneflies, horseflies, 

leeches, aquatic 

earthworms, tubificid 

worms. 

2) -—3 

20 to 50% shaded. <20% of water surface in 

reach shaded. 

ie} 1 

(intentionally blank) <25% water surface shaded 

in reach. shaded; mixture of 

conditions. 

10 

same shading condition 

throughout the reach. 

i 1 
oa ee  ——————— 
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Streamside Biosurvey 

The streamside biosurvey assesses stream macroinvertabrates or nonfish species. 

The presence, absence, and abundance of both sensitive and tolerant species serve 

as a useful indicator of stream health and water quality. Biosurvey methods have 

been used by water quality agencies and volunteer monitoring programs for two 

decades. The Izaak Walton League of America institutionalized the method in its 

Save Our Streams (SOS) program and variations have been used throughout the 

United States. Several thousand monitoring groups now assess streams, and the 

results have proven to be so reliable that state and federal agencies now accept 

them in their water quality databases. The protocol discussed below is drawn from 

EPA's Volunteer Stream Monitoring: A Methods Manual (1997). The method gath- 

ers, sorts, and counts macroinvertebrates present in a sampling reach and com- 

putes a stream health indicator based on the abundance and distribution of species. 

To do a Streamside Biosurvey, you need the necessary tools and equipment. 

This includes a “kick net” with a #30 or #35 mesh for sampling substrates, a 

“D-frame net” for gathering samples under logs, a bucket, and waders or creek 

shoes. Recording forms are useful for entering data and calculating index scores. 

In planning a survey, you must determine the stream habitats present (e.g., sub- 

strates, snags and logs, vegetated beds and banks), select sampling sites (figure 

13.C1), and determine the number of jabs or samples to take from each site (with 

a goal of 20 total). Using the kick-net and D-frame net methods shown in figure 

13.C2, you collect macroinvertebrate organisms. The collected organisms are 

sorted, identified, counted, and released. 

You group the macroinvertebrates into three categories based on pollution tol- 

erance and sensitivity. The three categories are given in box 13.C. Group I (sensi- 

tive organisms) includes pollution-sensitive organisms, like mayflies and stone- 

Figure 13.C.1 Stream Riffles Shown at the Top and Bottom of This Photo Are Good Sample 
Points for Benthic Macroinvertebrates. Source: U.S. EPA, 1999. 
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Figure 13.C.2 Kicknet (left) and Dipnet or D-Frame Net (right) Techniques for Gathering Benthic Organisms. Source: U.S. 

EPA, 1999. 

Group | Taxa 

Pollution-sensitive organisms found 

in good-quality water. 

1 Stonefly: Order Plecoptera. 1/2” to 
1 1/2”, 6 legs with hooked tips, antennae, 
2 hairline tails. Smooth (no gills) on 

lower half of body. 
Caddisfly: Order Trichoptera. Up to 1”, 

6 hooked legs on upper third of body, 2 

hooks at back end. May be in a stick, 

rock, or leaf case with its head sticking 

out. May have fluffy gill tufts on under- 

side. 

Water Penny: Order Coleoptera. 1/4”, 

flat saucer-shaped body, 6 tiny legs and 

fluffy gills on the other side. Immature 

beetle. 

Riffle Beetle: Order Coleoptera. 1/4”, 

oval body with tiny hairs, 6 legs, antennae. 

Walks slowly underwater. Does not swim 

on surface. 

Mayfly: Order Ephemeroptera. 1/4” to 

1”, brown, moving, platelike or feathery 

gills on the sides of lower body, 6 large 

BOX 13.C—Stream Macroinvertebrates Used in Biosurveys 

Appendix 13.C = 

hooked legs, antennae, 2 or 3 long hairlike 

tails. Tails may be webbed together. 

Gilled Snail: Class Gastropoda. Shell 

opening covered by thin plate called oper- 

culum. As opening faces you, shell usually 

opens on right. 

Dobsonfly (Hellgrammite): 

Family Corydalidae. 3/4” to 4”, dark- 

colored, 6 legs, large pinching jaws, 8 

pairs feelers on lower half of body with 

paired cottonlike gill tufts along under- 

side, short antennae, 2 tails, and 2 pairs 

of hooks at back end. 

Group Il Taxa 

Somewhat pollution-tolerant organisms can be in 

good-/fair-quality water. 

8 

2 

10 

Crayfish: Order Decapoda. Up to 6”, 2 

large claws, 8 legs, resembles small lobster. 

Sowbug: Order Isopoda. 1/4” to 3/4”, 

gray oblong body wider than it is high, 

more than 6 legs, long antennae. 

Scud: Order Amphipoda. 1/4”, white to 

gray, body higher than it is wide, swims 

Continued > 



BOX 13.C—(continued) 

11 

12 

13 

14 

15 

16 

sideways, more than 6 legs, resembles 

small shrimp. 

Alderfly Larva: Family Sialedae. 1” 

long. Looks like small Hellgramite but 
long, branched tail at back end (no 

hooks). 

Fishfly Larva: Family Cordalidae. Up to 

1 1/2” long. Looks like small hellgramite 

but often a lighter reddish-tan color, or 

with yellowish streaks. No gill tufts under- 

neath. 

Damselfly: Suborder Zygoptera. 1/2” to 

1”, large eyes, 6 thin hooked legs, 3 broad 

oar-shaped tails, positioned like a tripod. 

Smooth (no gills) on sides of lower half of 

body. (See arrow.) 

Watersnipe Fly Larva: Family Athericidae 

(Atherix). 1/4” to 1”, pale green, tapered 

body, caterpillarlike legs, conical head, 

feathery “horns” at back. 

Crane Fly: Suborder Nematocera. 1/3” to 

2”, milky, green, or light brown, plump 

caterpillar-like body, 4 fingerlike lobes at 

back end. 

Beetle Larva: Order Coleoptera. 1/4” to 

1”, light-colored, 6 legs on upper half of 

body, feelers, antennae. 

17 

18 
4 

Dragonfly: Suborder Anisoptera. 1/2” to 

2”, large eyes, 6 hooked legs. Wide oval to 

round abdomen. 

Clam: Class Bivalvia. 

Group Ill Taxa 

Pollution-tolerant organisms can be in any qual- 

ity of water. 

19 

20 

21 

22 

23 

24 

Aquatic Worm: Class Oligochaeta. 1/4” 

to 2”, can be very tiny, thin wormlike body. 

Midge Fly Larva: Suborder Nematocera. 

Up to 1/4”, dark head, wormlike seg- 

mented body, 2 tiny legs on each side. 

Blackfly Larva: Family Simulidae. Up to 

1/4”, one end of body wider. Black head, 

suction pad on other end. 

Leech: Order Hirudinea. 1/4” to 2”, 

brown, slimy body, ends with suction pads. 

Pouch Snail and Pond Snails: Class Gas- 

tropoda. No operculum. Breathe air. 

When opening is facing you, shell usually 

opentoleft. 

Other Snails: Class Gastropoda. No oper- 
culum. Breathe air. Snail shell coils in one 

plane. 

Source: Izaak Walton League (1994), USDA, NRCS 

(1998). 

Bar lina indicate relative size 
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flies, typically found in good-quality water. Group II (somewhat sensitive organ- 

isms) includes somewhat pollution-tolerant organisms, such as crayfish, sowbugs, 

and clams, found in fair-quality water. Group III (tolerant organisms) includes pol- 

lution-tolerant organisms, like worms and leeches, found in poor-quality water. 

You count the specimens found in each sensitivity category and determine 

whether they are rare (R: 1-9 organisms found in a sample), common 

(C: 10-99 organisms), or dominant (D: 100 or more organisms). You then 

add the numbers of Rs, Cs, and Ds in each category and multiply each by the 

appropriate weighting factor (table 13.C1a). You add the scores to a total score and 

compare it to the water quality rating scale (table 13.C1b). 

TABLE 13.C.1a Weighting Factors Used in Calculating Stream Water 

* Quality Ratings 

Weighting Factor 

Group I Group II Group III 

Abundance Sensitive Somewhat Sensitive Tolerant 

Rare (R) 5.0 8) le, 

Common (C) 0.6 3.4 dal 

Dominant (D) 5.3 3.0 1.0 

TABLE 13.C.1b Tentative Rating Scale for 
Streams in Maryland 

Score Rating 

>40 Good 

20-40 Fair 

<20 Poor 
ne EEE 
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TABLE 13.C.1c Macroinvertebrate Count 

Identify the macroinvertebrates in your sample and assign them letter codes based on their abundance: 

R (rare) = 1-9 organisms; C (common) = 10-99 organisms; and D (dominant) = 100 plus organisms. 

Group I Group II Group III 

Sensitive Somewhat-Sensitive Tolerant 

C (50) Water penny larvae R (4) Beetle larvae a R (5) Aquatic worn 

R (2) Hellgrammites Clams Blackfly larva 

Mayfly nymphs Crane fly larvae Leeches 

—__— Gilled snails R(6)_ Crayfish —_— Midge larvae 

—_—_Riffle beetle adult Damselfly nymphs C (50) Snails 

C (25) Stonefly nymphs D (100) Scuds 

Non net-spinning caddisfly larvae D (150) Sowbugs 

R_(8)_ Fishfly larvae 

Alderfly larvae 

C (27) Net-spinning caddisfly larvae 

TABLE 13.C.1d Sample Calculations of Index Values for Volunteer Creek 

Group I Group II ; Group III 

Sensitive Somewhat Sensitive Tolerant 

1 (No. of R’s) X 5.0 = 5.0 3 (No. of R’s) X 3.2 = 9.6 1 Wo. of R’s) x 1.2 = 12 

2. (No. of C’s) X 5.6 = 11.2 1 (No. of C’s) X 3.4 = 3.4 1 No of C’s) X 1.1 = 1.1 

2 (No. of D’s) X 3.0 = 6.0 

Index Value for Group I = 16.2 Index Value for Group II = 19.20 Index Value for Group III =.2.3 

Total Index = 16.2 + 19.2 + 2.3 = 37.7 (Fair) 

Tables 13.C1c and 13.Cl1d illustrate the scoring system for a hypothetical site. 

Three species were found in Group I; two were,common, and one was rare. Six 

species were found in Group II; three were rare, one common, and two dominant. 

Two species were in Group III, one rare and one common. The number of Rs, Cs, 
and Ds in each group are multiplied by the weights and summed to a total index of 
37.7 or a fair rating. 
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Procedure for Testing Channel Capacity 

Obtain information from the stream walk survey that is necessary for computing 

channel capacity: 

» Draw atypical profile of the channel bottom. 

= Select central points along the channel at which measurements are 

made; sufficient points should be selected so that data will adcauately) 

describe the stream. 

» Measure the shape and dimensions of the stream cross section at the 

control points and others as necessary to determine an average cross sec- 

tion. 

= Describe the channel between control points including the material of the 

channel bed and banks, vegetation, meander, and obstructions to flow. 

The information is used in the three-step procedure: 

Step 1 

» Determine the “required” peak flow (Q,) the channel must carry from 

peak discharge calculations for a design storm (e.g., 2-year or 10-year 

storm). 

=» Determine the “permissible” velocity (V,, ) for erodible channels. For 

man-made grass-lined channels V,, ales are given in table 13.D.2; for 

natural channels, V, should be determined for the most erodible section 

of the stream, that i ie areas of exposed soil. Values for various earthen 

channels are given in table 13.D.1. These values may be increased by 50 

percent where dense vegetation exists naturally or is applied; or the ero- 

sion potential can be nearly eliminated by applying riprap (rocks) to 

highly erodible sections. 

Step 2 

» Determine the channel velocity (V) using Manning's equation. 

V = 1.49R2/3 § 1/2 (Eq. 13-6) 

n 
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TABLE 13.D.1. Permissible Velocities for Unlined Earthen Channels 

Soil Types Permissible Velocity 

Fine Sand (noncolloidal) 2.5 ft/sec 

Sandy Loam (noncolloidal) 2.5 ft/sec 

Silt Loam (noncolloidal) 2.5 ft/sec 

Ordinary Firm Loam . 3.5 ft/sec 

Fine Gravel 5.0 ft/sec 

Stiff Clay (very colloidal) 5.0 ft/sec 

Graded, Loam to Cobbles (noncolloidal) 5.0 ft/sec 

Graded, Silt to Cobbles (colloidal) 5.5 ft/sec 

Alluvial Silts (noncolloidal) 3.5 ft/sec 

Alluvial Silts (colloidal) 5.0 ft/sec 

Coarse Gravel (noncolloidal) 6.0 ft/sec 

Cobbles and Shingles 5.9 ft/sec 

Shales and Hard Pans 6.0 ft/sec 

TABLE 13.D.2 Permissible Velocities for Grass-lined Channels 

Channel Slope Lining Permissible Velocity 

0-5% Bermudagrass * 6 ft/sec 

Reed canarygrass 5 ft/sec 

Tall fescue 

Kentucky bluegrass 

Grass-legume mixture 4 ft/sec 

Red fescue 2.5 ft/sec 

Redtop 

Sericea lespedeza 

Annual lespedeza 

Small grains 

(temporary) 

5-10% Bermudagrass 5 ft/sec 

Reed canarygrass _ 4 ft/sec 

Tall fescue 

Kentucky bluegrass 

Grass-legume mixture 3 ft/sec 

Greater than 10% Bermudagrass 4 ft/sec 

Reed canarygrass 3 ft/sec 

Tall fescue — 

Kentucky bluegrass 

This is the most complicated part of the procedure. First, the channel 
geometry must be approximated for natural channels. Given in figure 
13.D1, the channel geometry will determine the cross-sectional area (A) 
and the hydraulic radius (R). The slope (S) of the channel comes from the 
channel profile. 
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CHANNEL GEOMETRY 

V - Shape 

fae oF T 

Cross-Sectional Area (A) = zd2 
Top Width (T) = 2dZ 
Hydraulic Radius (R) = 

d 

2472 +1 

Parabolic Shape 

cr gh area aaa 

ee 
Cross-Sectional Area (A) = Td 

ats is 
Top Width (T) = 5 

Téd 
Hydraulic Radius = ——>——> 
! 1.572 + 4d2 

Trapezoidal Shape 

Jp 

}~——  b —>}+——_— e 

Cross-Sectional Area (A) = bd + Zd@ 
Top Width (T) = b + 2dZ 

bd + Zd2 
Hydraulic Radius = 

b + 2d/z2 + 1 

Figure 13.D.1 Channel Geometry. Source: VDCR (1992). 



TABLE 13.D.3. Roughness Coefficients for Man-made (n) and Selected 

Natural Channels (n,) 

Manning Roughness, 

Boundary ; n Coefficient 

Smooth concrete 0.012 

Ordinary concrete lining 0.013 

Vitrified clay s ~ MOTs 

Shot concrete, untroweled, and earth channels in best 

condition 0.017 

Straight unlined earth canals in good 

condition 0.020 

Rivers and earth canals in fair condition—some 

growth 0.025 

Winding natural streams and canals in poor condition— 

considerable moss growth 0.035 

Mountain streams with rocky beds and rivers with 

variable sections and some vegetation along banks 0.040—0.050 

All that remains to solve Manning’s equation is the roughness coefficient (7), 

which depends on the channel lining. For riprap linings, n = 0.0395 D, where D = 

the median stone size in feet in the riprap mixture. 

For natural channels, several factors affect n. The procedure involves assuming 

a “basic n” for the channel bottom material (m,) given in table 13.D3, then modi- 

fying the “basic n.” Modifying factors include the irregularity of the channel sur- 

faces (n,); the variations in channel shape or size (n,); obstructions in the channel 

(n,); vegetation in the channel (n,); and channel meandering (m). Values for 

these modifiers are also given in table 13.D4. The total roughness coefficient is 

given by: 

n=(n, +n, +n, +n; +N,) x (m) 

Given the input values (R, S;and n) the channel velocity (V) can be determined 

by Manning’s equation. 

» Determine the channel capacity using the Continuity Equation: 

Q=AV 

Step 3 

» Compare the channel capacity to the required capacity: 

if Q< Q,, the channel capacity is inadequate 

» Compare the channel velocity to the permissible velocity: 
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TABLE 13.0.4 Roughness Coefficient n Value Adjustments for Natural Channels 

n : Degree of 

irregularity 

n? : Variation in 

channel cross 

section 

n3 : Effect of 

obstruction 

n* : Amount of 

vegetation 

Channel 

Conditions 

Smooth 

Minor 

Moderate 

Severe 

Gradual 

Alternating 

occasionally 

Alternating 

frequently 

Negligible 

Minor 

Appreciable 

Severe 

Small 

Medium 

n Value 

Adjustment 

0.000 

0.001—0.005 

0.006-0.010 

0.011-0.020 

0.000 

0.001—0.005 

0.010—0.015 

0.000—0.004 

0.005-0.015 

0.020-—0.030 

0.040—0.050 

0.002-0.010 

0.010—0.025 

Example 

Compares to the smoothest channel attainable in a given 

bed material. 

Compares to carefully dredged channels in good condition 

but having slightly eroded or scoured side slopes. 

Compares to dredged channels having moderate to 

considerable bed roughness and moderately sloughed or 

eroded side slopes. 

Badly sloughed or scalloped banks of natural streams; badly 

eroded or sloughed sides of canals or drainage channels; 

unshaped, jagged, and irregular surfaces of channels in rock. 

Size and shape of channel cross sections change gradually. 

Large and small cross sections alternate occasionally, or the 

main flow occasionally shifts from side to side owing to 

changes in cross-sectional shape. 

Large and small cross sections alternate frequently, or the 

main flow frequently shifts from side to side owing to 

changes in cross-sectional shape. 

A few scattered obstructions, which include debris deposits, 

stumps, exposed roots, logs, piers, or isolated boulders, that 

occupy less than 5 percent of the cross-sectional area. 

Obstructions occupy less than 15 percent of the cross- 

sectional area and the spacing between obstructions is such 

that the sphere of influence around one obstruction does not 

extend to the sphere of influence around another 

obstruction. Smaller adjustments are used for curved 

smooth-surfaced objects than are used for sharp-edged 

angular objects. 

Obstructions occupy from 15 to 20 percent of the cross- 

sectional area or the space between obstructions is small 

enough to cause the effects of several obstructions to be 

additive, thereby blocking an equivalent part of a cross 

section. 

Obstructions occupy more than 50 percent of the cross- 

sectional area or the space between obstructions is small 

enough to cause turbulence across most of the cross section. 

Dense growths of flexible turf grass, such as Bermuda, or 

weeds growing where the average depth of flow is at least 

two times the height of the vegetation; supple tree seedlings 

such as willow, cottonwood, arrowweed, or saltcedar growing 

where the average depth of flow is at least three times the 

height of the vegetation. 

Turf grass growing where the average depth of flow is from 

one to two times the height of the vegetation; moderately 

dense stemmy grass, weeds, or tree seedlings growing where 

the average depth of the flow is from two to three times the 

height of the vegetation; brushy, moderately dense 

vegetation, similar to 1- to 2-year-old willow trees in the 

dormant season, growing along the banks and no significant 

vegetation along the channel bottoms where the hydraulic 

radius exceeds 2 feet. ee ee 
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TABLE 13.D.4 (Continued) Roughness Coefficient n Value Adjustments for Natural Channels 

Channel n Value Example 

Conditions Adjustment 

Large 0.025-0.050 Turf grass growing where the average depth of flow is about 

equal to the height of vegetation; 8- to 10-year-old willow or 

cottonwood trees intergrown with some weeds and brush 

(none of the vegetation in foliage) where the hydraulic 

radius exceeds 2 feet; bushy willows about 1 year old 

intergrown with some weeds along side slopes (all vegetation 

in full foliage) and no significant vegetation along channel 

bottoms where the hydraulic radius is greater than 2 feet. 

Very Large 0.050-—0.100 Turf grass growing where the average depth of flow is less 

than half the height of the vegetation; bushy willow trees 

about 1 year old intergrown with weeds along side slopes (all 

vegetation in full foliage) or dense cattails growing along 

channel bottom; trees intergrown with weeds and brush (all 

vegetation in full foliage). 

m : Degree of Minor 1.00 Ratio of the channel length to valley length is 1.0 to 1.2. 

meandering Appreciable 15 Ratio of the channel length to valley length is 1.2 to 1.5. 

Severe 1.30 Ratio of the channel length to valley length is greater than 

Sy. 

(adjustment values apply to flow confined in the channel and do not apply where down-valley flow crosses meanders) (m) 

BOX 13.D—Example of Procedure for Testing Channel Capacity 

Given the following characteristics of a stream, test its capacity to carry a two-year peak flow of 400 cfs__ 

without overtopping or without excessive channel bank erosion. , 

= Cross section — trapezoidal: T = 25’; d= 4’; b=9’; e=8'. 

= Stream profile slope — 0.015 feet per foot. 

= Channel is earthen in fair condition. 

= Channel banks are 1/3 shales, 1/3 fine gravel, and 1/3 firm loam. 

» Channel size changes occur gradually, its surface has moderate irregularity, there are minor obstruc- 
tions, and for each 20 feet of straight channel length there are 25 feet of meander length. 

= Vegetative growth has a moderate influence on channel roughness. 

if V> V,, sections of the channel will be subject to excessive erosion 

STEP 1 “Required” peak flow: Q. = 400 cfs 

“Permissible” velocity: V,, = 3.5 ft/sec (from table 13.D1 for the most erodible 
section, firm loam) 

STEP 2 Determine channel velocity V: 
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a. channel cross section: A= bd+ zd?, z=e/d=8/4=2 

A=(9)(4) + (2)(4)? 

= 36+32=68ft?=A 

b. hydraulic radius: R= bd+2d* = (9)(4)+2(4)? =2.53 

b+2d(z2+1)2 9 +(2)(4)(22 +1)! 

c. roughness: 

n=(n,+n, +n, +n, +Nn,) x (m) 

n,: earthen, fair condition 00.025 (from table 13.D3) 

n,: moderate irregularity 0 0.010 

n,: gradual size changes % 0.000 

»~ Ns: minor obstructions 00.012 

n,: vegetation 00.015 

m: meander =25/20 =1.25 901.15 

n=(0.025 + 0.010 + 0.000 + 0.012 + 0.015) (1.15) 

= (0.062) (1.15) =0.070=n 

Manning Equation: V= 1.49 R22 S'/2 = 1.49(2.53)?/3(0.015)"/? = 4.5 ft/sec=V 

n 0.07 

Channel Capacity = Q = AV= (68) (4.5) = 306 cfs=Q 

STEP 3 

Q (306) <Q, (400) 0 capacity inadequate 

V (4.5) > V, (3.5) % excessive erosion of firm loam banks 



Stormwater Management 

and Stream Restoration 

This chapter first discusses emerging approaches for comprehensive stormwater 

management, including means of integrating water quantity and quality and point 

and nonpoint source pollution. It then describes measures for the control and 

treatment of stormwater that also enhance infiltration and baseflows and reduce 

channel eroding flows. As we better control storm flows and improve baseflows, 

our natural channels can better handle the effects of development and impervious 

surfaces. The final section describes means of natural stream restoration. 

Comprehensive Stormwater Management 

Managing stormwater and the effects of land use has changed significantly in 

recent decades as we have broadened our objectives and improved mitigation mea- 

sures. The following list (“Increasing Complexity and Effectiveness of Stormwater 

Management”) describes the changing nature of stormwater management in the 

United States. Historically, managing stormwater meant building drainage works to 

get the water out more quickly so it would not accumulate and flood the land. These 

works include pipes, culverts, and widened and straightened channels with con- 

crete or rock “armor,” which destroyed natural channels. However, speeding up the 

drainage of water out of one area often meant that storm flows increased down- 

stream, increased stormwater flows carried more pollution to waterways, and nat- 

ural channels were being destroyed to accommodate higher flows. 

Since the 1970s engineers and planners began to understand better the effects 

of impervious surfaces on storm flows, the pollution carried by stormwater, the 

public’s desire to maintain natural drainage systems, the limitations of traditional 

engineering works, and the range of new measures available. As a result, storm- 

water management has become more complex and more comprehensive in 
addressing both storm flows and baseflows, water quality, flood damage mitigation, 
natural drainage, and stream restoration. 
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Control measures have evolved from centralized structures to distributed and 

on-site practices and from structural methods to natural and biological measures. 

Management used to focus on tax-supported public works but now emphasizes 

on-site development ordinances and stormwater impact fees. Stormwater man- 

agement used to be the domain of the engineer; now the range of stakeholders also 

includes landowners, land use planners and designers, and citizen volunteers. 

Increasing Complexity and Effectiveness of 

Stormwater Management 

Before 1970 

« Objectives: Provide adequate stormwater drainage from developed 

land; try to control flood flows. 

» Means: Structural methods: Increase drainage capacity by guttering 

streets, using pipes and culverts underground, and enlarging and lining 

natural channels; “armor” natural channels with concrete and rocks to 

prevent channel erosion and loss of property; use stormwater detention 

as necessary. 

» Design methods: Size capacities based on the Rational Method and 

other rudimentary techniques. 

» Financing and implementation: Public works funded by tax dollars. 

1970s to 1980s 

= Objectives: Provide adequate drainage, manage new floodplain develop- 

ment, mitigate storm flows closer to the source, apply erosion and sediment 

controls and best management practices (BMPs) for runoff pollution. 

» Means: Structural methods: Mitigate storm flows by on- and off-site 

detention; increase drainage capacity as necessary. 

« Design methods: Analyze effects of land use change on stormwater 

quantity and quality and size capacities using sophisticated computer 

modeling techniques. 

» Financing and implementation: Stormwater ordinances require 

developers bear costs in projects, stormwater fees, and tax dollars. 

1990s to 2000s 

» Objectives: Provide adequate drainage by on-site mitigation of storm- 

water flows; enhance infiltration to support baseflows and low flows; treat 

runoff; maintain nonerosive channel velocities; protect and restore natu- 

ral drainage channels, provide passage of flood flows through floodplain 

management and building relocation. 

» Means: More effective on-site and other decentralized runoff control 

and treatment; encouraging or mandating “low-impact” development 

designs and integrated stormwater control practices; infiltration; bioengi- 

neering to restore natural channels. 

» 435 
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« Design methods: Use of both computer models and simpler sizing and 

design methods to estimate land use impacts and apply appropriate on- 

site measures. 

» Financing and implementation: More effective prescriptive or 

performance-based stormwater ordinances; impact fees; citizen volun- 

teers (stream monitoring and restoration). 

Stormwater Management Programs and Ordinances 

Stormwater management ordinances are designed to mitigate or offset storm- 

water impacts of development through regulations on land development and con- 

struction practices. They should address three concerns: flooding, stormwater 

quality, and channel erosion. The first stormwater ordinances focused on con- 

struction practices to control runoff, soil erosion, and sedimentation. As storm- 

water issues became more complex, ordinances were developed to require devel- 

opers to achieve postconstruction criteria for runoff quantity, quality, channel 

capacity and erosive velocities, groundwater recharge, and natural channel 

improvement. Table 14.1 compares the on- and off-site effects of conventional 

stormwater management techniques to more innovative “low-impact develop- 

ment” (LID) practices. Specific practices are described in a later section. 

Zero Impact and Low-Impact Development Programs 

Most adopted stormwater ordinances require postconstruction runoff from all 

developed sites not to exceed predevelopment runoff for a design storm. The 

design storm varies among ordinances, but is generally a 1-, 10-, or 100-year 24- 

hour storm. Detention and infiltration measures can be used to mitigate expected 

flows to predevelopment levels and must be demonstrated by calculation, using 

methods like TR 55 or accepted computer models. Some ordinances require 

annual groundwater recharge rates be maintained after development by promot- 

ing infiltration using structural and nonstructural methods. Some of the more 

innovative stormwater ordinances and programs have been developed by the Cen- 

ter for Watershed Protection (CWP) (http://www.cwp.org). Many are posted at the 

Stormwater Manager’s Resource Center that is run by CWP with a grant from the 

EPA. The virtual center is perhaps the single best source of stormwater manage- 

ment information (http://www.stormwatercenter.net/). 

There are some excellent recent examples of stormwater management pro- 

grams and ordinances. New York’s (State of New York, 2001) statewide storm- 
water regulations and design manual and Virginia’s (1999, 2001) stormwater 
handbook and model ordinance illustrate comprehensive approaches. Maryland’s 
Prince George’s County’s (1999, 2002) low-impact development (LID) pro- 
gram is a good example of local government implementation. 

LID measures can be implemented by regulation through a performance or pre- 
scriptive requirement in the stormwater ordinance, by incentive, or by education. 
Incentives can offer density bonuses, streamlined approval, or other financial 
benefits, if developers incorporate LID measures. Educational programs assist 
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TABLE 14.1 Stormwater Management Effects of Conventional and “Low-Impact” 
Approaches 

Hydrologic 

Parameter Conventional Low-Impact Development 

On-site 

Impervious cover 

Vegetation/natural cover 

Time of concentration 

Runoff volume 

Peak discharge 

Runoff frequency 

Runoff duration 

Rainfall abstractions 

(Interception, infiltration, 

depression storage) 

Groundwater recharge 

Off-site 

Water quality 

Receiving streams 

Downstream flooding 

~Encouraged to achieve effective 

drainage 

Reduced to improve efficient site 

drainage 

Shortened, reduced as a by-product 

of drainage efficiency 

Large increases in runoff volume 

not controlled 

Controlled to predevelopment 

design storm (2 year) 

Greatly increased, especially for 

small, frequent storms 

Increased for all storms because 

volume is not controlled 

Large reduction in all elements 

Reduction in recharge 

Reduction in pollutant loadings but 

limited control for storm events 

that are less than design 

discharge 

Severe impacts documented— 

channel erosion and degradation; 

sediment deposition; reduced 

baseflow habitat suitability 

decreased, or eliminated 

Peak discharge control reduces 

flooding immediately below 

control structure but can increase 

flooding downstream 

Minimized to reduce impacts 

Maximized to maintain 

predevelopment hydrology 

Maximized and increased to 

approximately predevelopment 

conditions 

Controlled to predevelopment 

conditions 

Controlled to predevelopment 

conditions for all storms 

Controlled to predevelopment 

conditions for all storms 

Controlled to predevelopment 

conditions 

Maintained to predevelopment 

conditions 

Maintained to predevelopment 

conditions 

Improved pollutant loading 

reductions; full control for storm 

events that are less than design 

discharge 

Stream ecology maintained to 

predevelopment _ 

Controlled to predevelopment 

conditions 

Dee ee eee eee 

Source: PGC-DEM, 1999 
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implementation by informing contractors and designers as well as their customers 

(potential home buyers) of LID benefits. 

The LID approach used in Prince George’s County, Maryland, employs the fol- 

lowing five components (Prince George’s County, 1999): 

= LID site planning defines the development envelope, minimizes impervi- 

ous areas and connectedness, and increases drainage pathways. 

» LID hydrologic analysis delineates watershed and microwatershed 

boundaries, using modeling techniques like TR 55 to establish predevel- 

opment baseline conditions and to evaluate site planning benefits and 

integrated management practices. 

« LID integrated management practices (IMPs) are measures to control 

runoff. This step assesses hydrologic control needs and site constraints 

and screens, evaluates, and selects appropriate IMPs. 

= LID erosion and sediment control (E&SC) to indicate how LID can pro- 

vide E&SC compliance. 

« LID public outreach and education to inform developers and consumers. 

New York’s program requires on-site measures to mitigate effects of develop- 

ment on water quality, natural channels, overbank flooding, and extreme flooding. 

Sizing criteria require on-site measures to be sized in order to 

= hold and treat the water quality volume (WQ_) or the runoff from 

about a one-inch rainfall. The exact WQ, depends on the area of the 

catchment and the percent impervious cover; 

» detain the channel protection volume (Cp,) or the runoff from the 

postdevelopment 1-year 24-hour storm; 

= control the overbank flood (Q ,) or the peak discharge from the L0-9eas 

storm to 10-year predevelopment rates; and 

= control the extreme flood (Q,) or the peak discharge from the 100-year 

storm to 100-year predevelopment rates. 

A later section describes the measures and explains how they can achieve these 

criteria. 

Stormwater Utilities and Development Impact Fees 

Beyond stormwater regulations, communities can use incentives to stimulate use 
of effective measures. Several cities have established stormwater utilities to pro- 
vide incentives as well as generate revenues for public stormwater management 
and stream preservation and restoration. Bellevue, Washington, developed one of 
the first stormwater utilities. Storm and surface water drainage service charges 
are based on the area of property and the percentage of impervious surface (roofs, 
plazas, parking lots, etc.) (http://www.ci.bellevue.wa.us/page.asp?view = 2156). 

Often used in conjunction with stormwater regulations for new development, 
a stormwater utility can address both new and existing developments. Property 
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owners are assessed a stormwater conveyance and treatment fee based on the 

unmitigated or hydraulically connected impervious surface of their site. Not only 

do the utilities generate revenues for improvements, but also the fee acts as an 

incentive for property owners to retrofit mitigation measures or reduce impervi- 

ous surface. 

Development impact fees are used to compensate local government for the cost 

of public services or other impacts resulting from new development. These can 

include stormwater impact fees, and some localities use this approach in lieu of 

establishing a formal stormwater utility. 

Integrated Management of Nonpoint and Point Source Water Pollution 

. Under the Clean Water Act (CWA) of 1972, early attention by the EPA and the 

states focused on industrial and municipal sewage discharges. The EPA estab- 

lished national effluent standards for these discharges based on the best practica- 

ble technologies. These standards served as the basis for effluent permits issued by 

the states for those discharging into waters meeting the water quality standards. 

For waters not meeting the standards, so-called nonattainment or impaired 

waters, the states were to base permits on more stringent effluent limitations. 

Managing Nonpoint Source Pollution 

Despite considerable progress in cleaning up the nation’s waterways, by 2000, 

40 percent of the nation’s waters still did not achieve the fishable and swimmable 

standards of the CWA. Runoff pollution is now the cause of most of our impaired 

waters. An estimated 60-70 percent of our remaining water pollution comes from 

these nonpoint sources (NPS). However, runoff pollution is far more difficult to 

manage than the point source pollution coming from discrete and accountable 

pipe discharges. NPS pollution requires more than just treatment technologies; it 

requires improvements in land use practices. 

The CWA tried to address NPS pollution, first with section 208 wastewater 

treatment plans (which had to incorporate NPS after a mid-1970s court case), 

then with section 319 under the 1987 amendments. One of the few regulatory 

components of the 1987 amendments classifies large city stormwater discharges 

as sources requiring a National Pollution Discharge Elimination System (NPDES) 

discharge permit, basically treating them as point sources. Section 319 is essen- 

tially nonregulatory and aims to provide clearer direction and more funding to 

NPS programs by means of federal pass-through grants issued by the states to local 

NPS initiatives. It called on the states (with EPA approval) to (1) develop NPS 

assessment reports, (2) adopt NPS management programs, and (3) implement 

the management programs over a multiyear time frame. From FY1990 through 

FY1999, $877 million in grants were issued by the EPA for section 319 assistance. 

Funds available increased to $200 million in FY1999 (U.S. EPA, 2000a). 

In 1990, Congress enacted the Coastal Zone Act Reauthorization Amendments 

(CZARA). Section 6217 created a new coastal NPS pollution control program to be 

incorporated into both state section 319 CWA programs (administered by the 
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EPA) and state Coastal Zone Management Act (CZMA) programs. It requires that 

states with federally approved coastal zone management programs (now 30 states) 

develop and implement coastal NPS pollution control programs. The programs 

must implement management measures published as EPA guidance (U.S. EPA, 

1993) and additional measures as necessary to attain and maintain state water 

quality standards. These state programs must contain enforceable policies and 

mechanisms to ensure implementation (U.S. EPA, 2000a). 

Other agencies and programs are also involved in runoff pollution problems. 

For agricultural runoff, the Natural Resources Conservation Service (NRCS) and 

related agencies in the Department of Agriculture, as well as state soil and water 

conservation agencies, provide funding and technical assistance to farmers to 

implement mostly voluntary runoff pollution controls. 

Total Maximum Daily Load (TMDL) 

The last several years have seen the resurrection of a mechanism for comprehen- 

sive management of pollutant discharges for nonattainment or impaired waters: 

the total maximum daily load, or TMDL, approach. The CWA set forth a national 

goal of achieving a level of quality in all waters to support recreation and fish con- 

sumption, so-called fishable and swimmable quality. It required states to establish 

water quality standards (WQS) for their water bodies, monitor compliance, and 

manage pollutant discharges to meet these standards. To assist in state permitting 

of point sources, the EPA established basic effluent limitation standards for each 

type of discharger (i.e., industry type, sewage treatment) based on the best practi- 

cable control technology. 

For many impaired waters, these “technology standards” were not enough, and 

to meet WQS, states were to require more stringent permitted effluent limitations. 

The CWA stipulated that to determine the appropriate limitations, states were to 

calculate the TMDL of each violated pollutant that could be discharged into a 

water body and still attain the standard. That TMDL would then be allocated to 

various sources, including industrial and municipal dischargers, human-made 

nonpoint sources, and natural NPS. The allocated load to point dischargers would 

serve as the basis for their effluent permits. The allocated load to human-made 

NPS would serve as a basis for NPS treatment. For nonattainment waters, the 

TMDLis the basis for setting permits: 

Total discharge allocations to regulated sources = TMDL — Natural NPS 

In other words, the permitted allocations plus natural and unregulated sources 
must not exceed the TMDL. 

Little attention was given to this approach until the early 1990s when many 
water quality advocacy groups, impatient over progress to achieve WQS, began 
suing their states and the EPA to implement the approach. TMDL lawsuits have 
been filed in 39 states. Advocates thought this approach was a means to improve 
NPS control, reduce water pollution, attain the WQS, and finally achieve the goals 
of the CWA. However, the approach is complex and difficult to implement. 
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The TMDL approach requires the following: 

1. Determining the TMDL to achieve WQS—this often requires sophisti- 

cated monitoring data and modeling of discharges, receiving waters, 

and, for NPS, watersheds. 

2. Allocating TMDL to sources—this requires factoring in equity and 

_--economic considerations. 

3. Basing permits of regulated sources on TMDL allocations. 

4. Managing unregulated sources to achieve TMDL allocations. 

In July 2000, the EPA issued draft regulations for the states to implement the 

TMDL approach over 10 years. However, Congress’s General Accounting Office 

. (GAO) issued two critical reports, suggesting the lack of sufficient data for TMDLs 

and questioning the EPA’s economic analysis. A National Academy of Sciences 

(NAS) 2001 report countered the GAO report by arguing that data and scientific 

methods are sufficient to implement the approach. It suggested that the program 

focus on attainment of WQS rather than administrative outcomes, encompass a 

range of water conditions including biological criteria and habitat restoration, 

combine monitoring and modeling, and employ “adaptive implementation” to 

reduce uncertainty and to assess progress. The report affirmed the need to move 

away from an effluent-based approach to an ambient water quality approach that 

is fundamental to TMDLs. In response, the EPA decided in late 2001 to delay 

implementation for one year to reconsider the NAS findings (NAS, 2001; Rogers 

and Hazlett, 2001; U.S. EPA, 2001). 

In March 2003, the EPA withdrew the July 2000 TMDL rule, which was to go 

into effect April 30, 2003. The agency stated “significant changes would need to be 

made to the July 2000 rule before it could represent a workable framework for an 

efficient and effective TMDL program. Furthermore, EPA needs additional time 

beyond April 30, 2003, to decide whether and how to revise the currently-effective 

regulations implementing the TMDL program in a way that will best achieve the 

goals of the CWA. The withdrawal of the July 2000 rule will not impede ongoing 

implementation of the existing TMDL program” (U.S. EPA, 2003). 

Stream Restoration 

Urban streams have been assaulted for decades. Greater watershed impervious 

surfaces decrease baseflows and increase peak flows, flooding, runoff pollution, 

and channel erosion. As a result, many natural stream channels have been deep- 

ened or widened to increase their drainage capacity and “armored” with buried 

pipes, rocks, or concrete to reduce erosion. These degraded channels often 

become ugly backdrops to the urban scene, rather than the natural streams that 

once provided environmental, ecological, and aesthetic benefits to their commu- 

nities. Degraded natural streams seemed to be an inevitable cost of urbanization. 

However, new comprehensive efforts to manage stormwater have shown that 

measures can stabilize and reduce peak flows, runoff pollution, and channel ero- 

sion, arresting what appeared to be an irreversible trend in urban stream degrada- 

tion. As a result, effective stormwater management has enhanced the viability and 
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integrity of natural channels and reduced pressure for destructive stream modifi- 

cation. In many areas, these efforts have been complemented by stream restora- 

tion projects that aim to bring back to life degraded urban streams. Often con- 

ducted by volunteer groups, these,projects have stabilized stream banks with 

“bioengineering” measures, replanted riparian vegetation, and restored stream 

gravels and fish habitat. In some urban areas, buried streams have been uncov- 

ered and restored to natural conditions and have become valuable components of 

urban greenways. These measures and projects are discussed further in the last 

section of this chapter. 

Stormwater Management Measures 

Stormwater management measures aim to reduce peak flows, control runoff pol- 

lution, and increase infiltration. These effects protect and enhance natural 

streams and riparian property by reducing flooding and channel erosion, increas- 

ing baseflows, and improving natural water quality. This section describes the wide 

array of measures, synthesizing numerous approaches labeled by others as runoff 

controls, best management practices (BMPs), stormwater treatment, and low- 

impact development integrated management practices (IMPs). 

These measures can be grouped into three categories. First, land use plan- 

ning, design, and management refer to several approaches to prevent exces- 

sive runoff and pollution in urban and agricultural land uses. They strive to con- 

serve vegetation, minimize impervious cover, and prevent pollution. Examples in 

this category include grazing management, forest harvest and revegetation plan- 

ning, cluster development, phased grading and development, and avoidance of 

erodible areas. Second, pollutant source reduction aims to reduce the applica- 

tion of or clean up potential contaminants before rainfall events convert them to 

runoff pollutants. Examples here include nutrient management plans, integrated 

pest management, urban street vacuuming, and litter control. Third, stormwater 

control and treatment includes practices to control runoff and remove pollu- 

tants, often before they leave the site and at least before they enter receiving waters. 

Examples are bioretention, ponds, wetlands, filtration, infiltration, and conveyance 

measures. Although prevention and source reduction are higher priority practices, 

they are often limited in their ability to achieve stormwater management objec- 

tives. Therefore, most attention is given to runoff control and treatment practices. 

Land Use Design and Management 

Better land use design and management can reduce the generation of runoff and 
pollution by preserving natural conditions, limiting the aerial extent of impervious 
surfaces, and preventing pollution. For example, plans for grazing management, 
forest harvest, and land development can address runoff problems by avoiding 
streams, wetlands, and other sensitive areas; retaining and maintaining buffers, 
filter strips, and other vegetation; and phasing activities over time and space. 
Fencing can partition pasture and grazing land to avoid overgrazing and allow 
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Figure 14.1 Site Planning, Clustering, and Fingerprinting. Source: Watershed Restoration SourceBook, 1992. Reprinted with 
permission of Metropolitan Washington Council of Governments, 777 North Capital St., NE, Ste. 300, Washington, D.C. 

20002-4239, 202-962-3256. 

grazed sections to recover, reducing runoff, erosion, and sedimentation. Fencing 

can also keep stock out of streams, arresting the “cows in creeks syndrome,” one of 

the major sources of stream degradation in pasture farmland. In forestry plans, 

harvest sequence, access roads, proximity to streams and drainage, harvest meth- 

ods, use of buffers, and timing of revegetation all affect runoff and pollution. 

In land development, conservation design can reduce runoff and pollutants by 

retaining open spaces and natural vegetation areas, minimizing and “disconnect- 

ing” impervious surfaces, and preserving natural drainage. Disconnecting imper- 

vious areas from one another reduces the effective impervious area (EIA) or 

the impervious area that is directly connected to the storm drain system in a 

catchment or watershed. 

Called “conservation and minimization” IMPs in low-impact development, these 

design measures include clustering development, site “fingerprinting” or clearing 

only the area needed and retaining site vegetation, using narrower streets and per- 

meable pavements like grid pavers or porous asphalt, and retaining vegetation and 

buffers, among others. Figure 14.1 shows clustering and fingerprinting. Incorporat- 

ing these measures into site design can be more effective than costly retrofits. 
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Figure 14.2 Four Zones of Lake Protection. Source: Karen Cappiella and Tom Schueler, 2001, 
“Crafting a Lake Protection Ordinance.” Reprinted courtesy of the Center for Watershed 
Protection. 

Lakeshore Protection 

Land planning and design are the primary methods of runoff and pollution control 

for lake protection. There are four major zones to be considered in lake protection: 

the actual shoreline, a forested shoreline buffer extending landward, a shore- 

land protection area extending further, and a watershed zone used to control 

pollutant loadings to the lake. Figure 14.2 shows the boundaries of these zones on 
a hypothetical lake area. 



Stormwater Management and Stream Restoration = 445 

TABLE 14.2 Development Criteria for the Four Zones of a Lake Protection Ordinance 

AG Shoreland 
Criteria Shoreline Shoreline Buffer Protection Area Watershed 

Defined as: High water mark 50 to 150 ft from 250 to 1000 feet from _ Divide of contributing 
(HWM) 

Maintain natural 

shoreline, no 

disturbance w/out 

permit 

Bioengineered 1 pier/ 

dock per frontage, 1 

stairway 

Boathouses and other 

accessory structures, 

riprap, bulkheads 

Vegetation target 

for the zone 

Allowable uses 

Restricted uses 

Septic systems N/A 

Stormwater No pipe outfalls to lake 

Lot requirements N/A 

Zoning 

Enforcement 

Education 

Local or state permit 

HWM, 300 ft for 

source water 

Forest or native veg., 

Max. view corridor 

30’ 

Walkways, boathouse 

within view corridor 

No permanent 

structures, no 

impervious surface or 

land-disturbing 

activity 

Not allowed 

No stormwater 

practices allowed 

N/A 

HWM 

Max. clearing limits on 

lots: 25 to 50% 

Residential homes, 

septic systems 

Commercial or 

industrial zones or 

uses with hazmat 

spill risk 

Setback 100-200 feet 

from HWM 

Achieved by 

environmentally 

sensitive design 

Minimum lot size, 

minimum frontage, 

maximum 

impervious cover, 

limit rooftop runoff 

Local development review process 

Lake association and/or resource agency 

watershed 

Forested buffers to 

tributary streams 

Most are allowed 

Uses with hazmat spill 

risk 

Design/inspection 

criteria to reduce 

failure 

Stormwater treatment 

practices to remove 

target phosphorous 

Open-space 

subdivisions and 

better site design to 

reduce impervious 

cover 

Establish requirements and density in a lake protection overlay district of a comprehensive plan 

Watershed association 

Source: Cappiella and Schueller (2001) 

Cappiella and Schueler (2001) list the following primary considerations in lake 

protection. They demonstrate that lake areas, especially shorelines, are unique in 

terms of their ecology, intensity of use, property values, and management. 

1. Shorelines are prime real estate that attract dense development ori- 

ented toward the lake. 

2. Lake water quality requires reducing inputs of phosphorous, usually 

the limiting nutrient 

3. Preserving the natural shoreline is critical for protection of aesthetic, 

ecological, and property values. 

4. Shoreline vegetation is very important for fish and wildlife. 

5. Intense pressures exist for shoreline modification and clearing to 

enhance views and install structures. 

6. Water-based recreation is a primary use and management concern. 

7. Septic systems are prominent and often cause serious water quality 

problems. 
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Figure 14.3 Environmentally Sensitive Design for Residential Shoreline Lot. Source: Karen 
Cappiella and Tom Schueler, 2001, “Crafting a Lake Protection Ordinance.” Reprinted courtesy 

of the Center for Watershed Protection. 

8. Lake associations can be effective for lake protection enforcement and 

education. 

9, Lake ordinances must be customized for unique lake conditions and 

water quality goals. 

Table 14.2 gives some model development criteria for use in a lake protection 

ordinance. The criteria vary with the four zones and include vegetation, allowable 

and restricted uses, septic systems and stormwater, lot requirements, zoning, 

enforcement, and education. Figure 14.3 incorporates several of these criteria in 

an environmentally sensitive design for a residential shoreline lot. 

Pollutant Source Reduction 

Removing pollutants at the source before runoff occurs prevents NPS pollution. 

Urban sources can be controlled by street vacuuming and litter control. Source 

controls also include education programs for homeowners, household hazardous 

waste collection, companion animal waste control ordinances, and community 

roadside and streamside cleanup programs. 

In agricultural areas, source reduction is used to control excess application of 

fertilizers and pesticides that often end up as nutrient and toxic runoff pollution. 
Fertilizer application should be limited to the rate at which plants or crops can uti- 
lize them. Nutrient management plans specify fertilizer applications based on 
calculations of plant uptake. When fertilizer application is balanced by plant 
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Figure 14.4 Bioretention Plan and Section View. Source: Commonwealth of Virginia (1999). 

uptake, little residual remains to be carried away by runoff (see USDA, 1999). Inte- 

grated pest management (IPM) programs aim to reduce applications of poten- 

tially polluting pesticides by employing a variety of pest control measures, including 

biological controls (i.e., natural enemies and reproductive disruption), cultural 

methods (i.e., temporal and spatial adjustments to planting and harvesting cycles), 

and reduced amounts of pesticides that are selective to the species (USDA, 1999). 

Stormwater Management Practices 

Land planning and pollution source prevention are important first steps in con- 

trolling runoff and NPS pollution, but they are usually insufficient to achieve 

stormwater management objectives, especially in urban and urbanizing areas. 

Stormwater management practices (SMPs) aim to reduce runoff, increase infil- 

tration, and provide settling, filtering, and biological treatment of the remaining 

runoff, Some of these measures are most effective on-site, providing detention and 
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Figure 14.5 Bioretention in Residential Application. Source: Commonwealth of Virginia 

(1999). 

infiltration primarily through the site’s landscape. Others are carefully designed 

bioengineering systems that mimic nature. The goal of all of these measures is to 

maintain predevelopment runoff volume, quality, and time of concentration 

(Prince George’s County, 1999). 

There are six categories of SMPs. Each is described and illustrated next, fol- 

lowed by a discussion of effectiveness and sizing criteria. 

Bioretention: a vegetated sink that detains and filters runoff, providing 

some infiltration © va 

» Stormwater ponds: wet or dry ponds detain and store runoff for slow 

release 

Constructed wetlands: detains and biologically treats runoff 

Filtration: engineered sand filtration systems 

Infiltration: excavated trenches or drains that provide infiltration of 

runoff to subsurface flow 

Conveyance and open channels: moves runoff slowly from site or to 

pervious areas 

Bioretention 

In bioretention, landscaping features are usually located in parking lot islands or 

residential land depressions, which contain mulch, soil, and vegetation designed 

to provide natural pollutant removal mechanisms. After filtering through the 
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Figure 14.6 Bioretention “Green Alley” and Parking Lot. Source: Commonwealth of Virginia 

(1999). 

mulch and soil bed, runoff is usually collected in a perforated underdrain and 

returned to the storm drain system. (See figures 14.4, 14.5, and 14.6.) 

Bioretention channels: similar to a wet swale, it provides conveyance, 

filtration, and infiltration. 

Bioretention benches: deposited soil bed, mulch, and vegetation as a 

bench on slopes to slow, store, and filter runoff. 
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Figure 14.7 Wet Stormwater Retention Pond with Earthen Embankment. Schematic shows different pool heights for 
different storage levels. Source: State of New York (2001). 

Stormwater Ponds 

This category includes a combination of permanent pool, extended detention, or 

shallow marsh equivalent to WQ,; ponds treat runoff by settling and algal uptake of 

nutrients. (See figures 14.7 and 14.8.) 

Wet pond: provides all WQ,, in a permanent pool, cost-effective, widely 

used, limited in highly urbanized areas and arid climates; documented 

improvements in property value. 

Wet extended detention pond: split between permanent pool and stor- 

age provided above the pool from which storm volume is released over 

12 to 24 hours. Half the treatment volume in permanent pool. Con- 

sumes less space than wet pond. 

Multiple pond system: water quality storage in two or more cells. 

“Pocket” pond: drains smaller area than traditional pond. Permanent pool 
is maintained by intercepting groundwater. 

Dry pond: detention pond without permanent pool drains completely; 
slows runoff but provides minimal treatment. 

Other storage: parking lot storage, rooftop storage, cisterns, downspout 
barrels all provide storage but no treatment. 
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Figure 14.8 Dry Stormwater Detention Pond between Storms and During Storm. Source: 

Commonwealth of Virginia (1999). ; 

Stormwater Wetlands 

Stormwater wetlands are constructed wetlands similar to ponds that also incorpo- 

rate wetland plants. Pollutants are removed by settling and biological uptake. 

Designed specifically for detaining and treating stormwater, these wetlands have 

less biodiversity than natural wetlands, but they are the most effective stormwater 

practices in terms of removal of pollutants and aesthetic value. (See figures 14.9 

and 14.10.) 
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Figure 14.9 New Stormwater Wetland with First Signs of Wetland Vegetation. Source: 

Commonwealth of Virginia (1999). 

=e EMERGENCY 
SPILLWAY 

Figure 14.10 Stormwater Wetland Schematic. Source: State of New York (2001). 

Shallow marsh: most of the storage and treatment volume is in shallow 

high and low marsh depths, although there is usually a forebay and 

micropool outlet. Because of limited depth, shallow marshes have a high 

surface-to-volume ratio and require more land area to achieve sufficient 

volume. Wildlife habitat potential. 
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Figure 14.11 Sand Filter Schematic. Source: State of New York (2001). 

Figure 14.12 Sand Filter Installation at the Perimeter of Parking Lot. Note pretreatment 

trough and curb-cuts for drainage from lot. Source: Commonwealth of Virginia (1999). 

Extended detention (ED) wetland: like a shallow marsh, the ED wet- 

land provides additional volume above the marsh, thus providing a lower 

surface-to-volume ratio. Plants must be selected that can tolerate longer 

periods of wet and dry conditions than shallow marsh vegetation. 

Wetland-pond system: combines a wet pond with a shallow marsh, pro- 

viding more storage volume. 

“Pocket” wetland: like a pocket pond, the bottom intercepts groundwater 

to maintain a permanent pool. With a small storage volume, the pocket 

marsh is effective only for small drainage areas. 

Filtering Measures 

These measures provide maximum treatment using filtering media to remove pol- 

lutants. (See figures 14.11 and 14.12.) 
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Surface sand filter: this most widely used filtering system has above- 

ground sediment basin and filter chamber. It is usually employed offline 

to capture the water quality volume, although designed for only small 

water quality events. Treated runoff is collected for exfiltration or dis- 

charge. 

Underground sand filter: all sediment chamber and filter components 

are underground. They are expensive, but consume little space, so are 

well suited for highly urbanized areas. 

Perimeter underground filter: underground sediment chamber and fil- 

ter designed on the perimeter of parking lot. Runoff flows from the parking 

lot into the chamber though perimeter grating drains (see figure 14.12). 

Organic filter: a surface filter system with organic matter (e.g., peat, 

compost, charcoal) used instead of or mixed with sand to enhance filter- 

ing of nutrients or trace metals. 

Filter strip: a grass or vegetated slope onto which a level spreader evenly 

distributes runoff to be filtered and treated by vegetation. 

Infiltration Measures 

Infiltration measures are designed to allow runoff to infiltrate to groundwater. 

They can reduce runoff and enhance baseflows, as well as provide treatment. 

However, to protect groundwater adequate treatment is essential for infiltration, 

and pretreatment is often required. (See figures 14.13 and 14.14.) 

Infiltration trench: a rock-filled trench with no outlet designed to receive 

runoff that has passed through some pretreatment such as a swale or 

detention pond. Collected runoff is stored in the voids between stones 

and infiltrates through the bottom into the soil. Requires sufficient soil 

permeability and limited pollutant source. 

Infiltration basin: a shallow impoundment with only a high elevation 

outlet, designed to infiltrate stormwater into the soil. Pretreatment is 

usually necessary. Although basins have a high pollutant removal capac- 

ity, they are highly dependent on soil permeability, and failure rates are 

relatively high. 

Porous pavements: permeable pavement surface with underlying gravel 

or stone reservoir that temporarily stores runoff before being infiltrated 

into the ground. Permeable surfaces may be porous asphalt or pervious 

concrete, both of which appear like. conventional paving but are manu- 

factured without “fine” materials to incorporate voids for infiltration. 

The surfaces may also be so-called grass pavers made of precast, inter- 
locking concrete blocks with open areas designed to allow grass to grow. 

Although they can be an effective infiltration and treatment practice, 

porous pavers require a high level of maintenance. 

Dry wells: includes Dutch drains and deep sump wells that provide infil- 
tration and groundwater recharge. Not effective for treatment and 
without pretreatment may be a potential source of groundwater 
contamination. 
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Figure 14.13 Infiltration Trench Plan View and Section. Sources: PGC (2002), State of New 

York (2001). 
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Figure 14.14 Newly Installed Parking Lot Infiltration Trench. Source: Commonwealth of 

Virginia (1999). 

Conveyance and Open Channels 

Swales, spreaders, and flow diverters move runoff slowly from site or to pervious 

areas. (See figures 14.15, 14.16, and 14.17.) 

Dry swales: similar to bioretention. Existing soil is replaced by a fabricated 

soil/sand bed meeting permeability requirements. Runoff is filtered 

through the bed and discharged to the stormwater system through an 

underdrain (see figure 14.16). 

Wet swales: behaves like a linear wetland cell, incorporating a shallow 

permanent pool and wetland vegetation. Ideal for highway runoff, wet 

swales are used less in residential/commercial areas because shallow 

standing water is often regarded as a nuisance. Check dams can 

enhance storage to achieve water quality volume (see figure 14.15). 

Level spreaders: direct runoff to pervious areas for level discharge (see 

figure 14.17). 

Diversion berms: divert runoff from impervious to pervious areas, dis- 

connecting impervious areas. 
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Figure 14.15 Open Channel Swale and Check Dams. Source: Commonwealth of Virginia 

999); 

Effectiveness of Urban Stormwater Management Practices 

The effectiveness of urban SMPs depends on the functional goals of the applica- 

tion. As discussed earlier, stormwater management objectives include improving 

stormwater quality, controlling stream channel erosion, reducing floodi
ng, 

and enhancing groundwater recharge. Practices can control flooding and 

channel erosion by slowing runoff and reducing peak storm flows. Practices that 
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increase infiltration will enhance groundwater recharge. Improving water quality 

through stormwater treatment is more difficult. 

Table 14.3 compares stormwater control and treatment measures, based on 

data provided by several sources given in the table. Each measure is rated for its 

capability to remove pollutants, recharge groundwater through infiltration, reduce 

erosive velocities of runoff to protect natural channels, and reduce peak discharge 

to-provide flood protection. In addition, the table gives pollutant removal values, 

drainage area limitations, and a rating of cost, maintenance, and acceptability. 

As the table shows, bioretention practices provide good pollutant removal and 

infiltration for small drainage areas at reasonable cost and public acceptability. As 

a result, they are a primary measure for on-site low-impact development. Ponds 

and wetlands provide good detention volume and therefore reduce flooding and 

channel erosion. Wet ponds and wetlands also have good pollutant removal, but 

dry ponds do not. Because ponds and wetlands are effective for drainage areas 

greater than 25 acres, they are primary measures for large properties or concen- 

trated flow. The TR 55 method for sizing detention volume to reduce peak dis- 

charge to predevelopment conditions is discussed in a later section. 

Filtering and infiltration measures provide very good treatment, and infiltra- 

tion also improves recharge, but these measures are more expensive and higher 

maintenance than other practices. Both wet and dry swales have good treatment 

capabilities. 

If stormwater treatment is an important management objective, the Center for 

Watershed Protection (CWP) provides useful guidance for selection of measures. 

Effective measures can capture and treat the full water quality volume (WQ,) and 

are capable of removal of 80 percent of total suspended solids (TSS) and 40 per- 

cent of total phosphorus. They should also have a pretreatment mechanism and 

an acceptable lifetime in the field (State of New York, 2001). 

The WQ, is the volume of storage needed to capture and treat 90 percent of the 

average annual stormwater pollutant load. For many years it was believed that this 

90 percent objective could be achieved by capturing and treating the first half-inch 

of runoff in any storm as a result of the "first-flush” effect. This “half-inch” rule 

was adopted in many ordinances, but field studies showed that while it was effec- 

tive in areas of 30 percent and less impervious cover, the half-inch runoff carried 

less than 90 percent at greater imperviousness. One study showed that at 50 per- 

cent impervious cover, the first half-inch carried 75 percent of TSS, and at 70 per- 

cent it carried only 53 percent (Chang, Parrish, and Souer, 1990). More recent 

design applications, like New York’s (State of New York, 2001) Stormwater Design 

Manual prepared by CWP do not use the “half-inch” rule, but base WQ, on imper- 

vious surface (see later). 

Stormwater ponds, wetlands, infiltration, bioretention, filtration, and swales 

can meet these treatment criteria if they are designed to store and treat the full 

WQ, (table 14.4). As a result, these are the only measures recommended by the 

CWP The Center does not recommend filter strips, dry wells, ditches, and grass 

channels that do not store the full volume. It also discourages use of oil/grit cham- 

bers and dry detention because of limited treatment capabilities, and porous pave- 

ments because of high maintenance and high failure rates (Center for Watershed 

Protection, 2000). 

er ¢ 
4 
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TABLE 14.3 Comparison of Urban Stormwater Control and Treatment Practices 

% Pollutant Cost/ 

Capabilities _ Reduction Acceptance 

Pollutant Chan Flood 

SWCE&T Practice Removal Recharge Prot. Prot. TSS TP TN ODA _ Cost Maint. Accept. 
ria headend marten Sritae Tn Theme eA EMME? PI HL LARP) eee Pl Eee ee ee a 

Bioretention G G L L NA 65 49 <2 2% 2) 2 

Ponds 

Dry L L G G qe elo 5 = = — — 

Wet G L G G 19) “AG 3D ee 2m 2, 1% 1% 

Wet ED G L G G S07) ooeoreeee oe 2 2 

Multiple G L G G OI 0, NAteS oD 6S 2 1% 

Pocket pond G L G G 87° 78° "28> <5) =e 4 3 

Wetlands 

Shallow G it G G So. 4a Oo ae 3% 2 

ED wetland G ii G G CU siamo tele ae 3 2% 

Pond/wetland G iw G G te 00 AS eee a3 2 1% 

Pocket marsh G i L M BeY DE sdaets 2 4 is} 

Filtering 

Surface sand G G M L 8/7. 59- 32 =10 4 3% 2% 

UG sand G le 1G; un 80" "50". “35° 24 4 1 

Perimeter sand G L ly Il CO AS (ee, 4 3% 1 

Organic G Li L & 884 610 410" 4 3% 2% 

Infiltration 

Trench G G M M T0007 427 342, 3 <5 13% 5 2 

Basin G G M M OOF Cot 50! -<10™ oo s) 

Porous pavement G G M M 959607 465i" e<5 3 5 1 

Open channels 

Dry swale G G L L 93) 83 5 OS <r wena Ds 1% 

Wet swale G IL. L G ER Oi ES: 2 ) 1% 

Grass channel L jl L 1, 81°34 31 — — — — 

Sources: CWB WPTN #64; New York, 2001; Schueler, 2000; Winer, 2000; PGC-ERM, 2002. 

Pollutant Removal . . . Pollutant removal capability 

Recharge . . . Groundwater recharge capability 
Chan Protection . . . Channel protection capability 

Flood Protection . . . Overbank flood protection 
TSS ... Total suspended solids removal 

TP... Total phosphorous 

TN ... Total nitrogen 

DA... Max. drainage area, acres 

Cost . . . Initial cost, 1=low, 5=high 

Maint . . . Maintenance, 1=low, 5=high 
Accept . . . Community acceptance, 1 =high, 5=low 
Ratings, depending on design: 
G = Good 

M = Marginal 

L = Little or none 
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TABLE 14.4 Pollutant Removal Capabilities (%) of Stormwater 
Treatment Practices 

Practice n TSS TP TN Carbon Bacteria HC Metals 

Stormwater ponds? 44 80 51 33 43 70 81 50-74 

Stormwater wetlands 39 76 49 30 18 78 85 40-69 

Infiltration 6 95 70 aA 54 ND ND _ 98-99 

Filters? 19 86 59 38 54 37 84 49-88 

Swales¢ 9 = 31 34 84 69 (25) 62 42-71 

Ditches 11 31% (-—16) ©@9) 18 5 ND 0-38 

Sources: Schueller (2000), Brown and Schueller (1997), Winer (2000). 

Values are median percentage removal before and after treatment practice. 

n = number of performance studies 

TSS = total suspended solids 

TP = total phosphorus 

TN = total nitrogen 
Carbon = organic carbon (BOD, COD or TOC) 

Bacteria = mean removal rates of fecal coliform bacteria 

HC = total petroleum hydrocarbons 

Metals = range for cadmium, copper, lead and zinc 

ND = not determined 
Includes wet ponds and excludes conventional dry detention ponds. 

»Includes a variety of sand filters and bioretention and excludes vertical sand filters and 

vegetated filter strips. 
Includes biofilters, wet swales and dry swales. 

Selection and Sizing Considerations for Urban Stormwater 

Management Practices 

Selection and sizing of SMPs depend on various factors, including management 

objectives and applications. The CWP has developed a number of useful guide- 

lines for use in manuals and regulations in New York and Virginia (State of New 

York, 2001; Commonwealth of Virginia, 1999). Table 14.5 gives a selection matrix 

for choosing the appropriate SMP for different land uses. “Hotspots” are areas of 

potentially high pollution, like industrial areas, and “ultraurban” refers to areas 

where space is limited and original soils have been disturbed. The “N” and “?” rat- 

ings are based on ability to achieve needed water quality volume, land area 

needed, and cost/maintenance compared with other options. 

Low-impact development (LID) emphasizes on-site bioretention, grass 

swales, and infiltration. On-site LID measures are normally more cost-effective 

and lower in maintenance than applications after flow is concentrated. However, 

LID does not preclude the need for concentrated flow measures, and all sites may 

not be suitable for LID, depending on soil permeability, depth to water, and slope. 

LID maintenance includes such measures as mowing grass swales, remulching 

and revegetating bioretention areas, and vacuuming permeable pavements. 

Because most LID measures are located on private property, maintenance 

requires a commitment by property owners or action by homeowners’ associations 

(Prince George’s County, 1999, 2002; U.S. EPA, 2000). 



Environmental Land Use Principles and Planning Analysis 

TABLE 14.5 Stormwater Management Practice Selection Matrix for Various Land Uses 

Roads and ~=Commercial Ultra 

SMP Group SMP Design Rural Residential Highways High Density Hotspots Urban 

Bioretention Bioretention ? ? Y Y A2 ve 

Pond Micropool ED aK 7 N, ? Al N 

Wet pond 4 ve Y y Al N 

Wet ED pond iy; We Y 2 Al N 

Multiple pond a y' a ? Al N 

Pocket pond Ye ? be ? N N 

Wetland Shallow wetland ve ry) ? ? Al N 

ED wetland Y 4 ? ? Al N 

Pond/wetland Ve Y N ? Al N 

Pocket wetland MY ? W ? N N 

Infiltration Infiltration trench if a Y Ni N " 

Shallow I-basin 2 ? i” ? N 2 

Dry well! ? he N ? N ? 

Filters Surface sand filter N ? Ye ve A2 Y: 

Underground SF N N ? a ng Y 

Perimeter SF N N ? Y Y/ Me 

Organic SF N ? Y Y A2 Ne 

Open Dry swale ry ? iY a A2 ? 
channels Wet swale ry) N VE N N N 

Source: CWP. New York, 2001. 

Y = Yes. Good option in most cases. 
? = Depends. Suitable under certain conditions, or may be used to treat a portion of the site. 
N = No. Seldom or never suitable. 
Al = Acceptable option, but may require a pond liner to reduce risk of groundwater contamination. 

A2 = Acceptable option, if not designed as an exfilter. 

'The dry well can only be used to treat rooftop runoff. 

Stormwater treatment needs and objectives also affect the type and size of 

SMPs. These measures use settling of solids, filtering, and biological processes to 

treat stormwater. Table 14.6 shows that these treatment measures have varying 

capabilities for critical pollutants like phosphorus. The table provides a guide for 

selecting measures of different sizes for higher pollutant removal needs associated 

with higher impervious surfaces. 

Table 14.7 describes the sizing criteria for stormwater management practices 

developed by CWP for New York State. Individual or a combination of measures 

are sized to meet design volumes for water quality treatment (WQ,), channel ero- 

sion protection (Cp,), peak discharge reduction to reduce overbank flooding (Q)) 

and extreme flooding (Q,). The formulas for WQ, are given in the table. Cp, is the 
runoff volume from the 1-year 24-hour storm as determined by TR 55. The vol- 
umes for peak discharge mitigation for the 10- and 100-year storm are determined 

by TR 55 detention calculations given in the next section. 
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TABLE 14.6 Processes of Stormwater Treatment and Guide for Phosphorus Removal 

Biological | Phosphorus Percent 

Stormwater Treatment Practice Settling Filtering Processes Removal (%) Impervious (%) 

Vegetated filter strip X 10 16-21 

Grassed swale (w/check dams) X X 15 16-21 
Constructed wetlands “© X xX xX 30 29-37 

Extended detention (2 x WQ,) X tals) 22-37 

Retention basin (3 x WQ,) 40 22-37 

Bioretention basin/filter X X 50 38-66 

Retention basin (4 x WQ,) Xx X 50 38-66 

Infiltration (1 x WQ,) X 50 38-66 

Retention (4x WQ, + aquatic bench) X X 65 66-100 

Sand filter X 65 66-100 

Infiltration (2x WQ,) X 65 66-100 

Source: CWP. New York, 2001. 

TABLE 14.7. Stormwater Management Practice Sizing Criteria for New 

York State (2001) 

wa, 

Water Quality 

Volume 

90% Rule: 

WQ, = [(P)(R,)(A)]/12 in acre-feet. 

R, = 0.05 + 0.009() 

I = Impervious Cover (Percent) 

Minimum R, = 0.2 

P = 90% Rainfall event number (about 1 inch, may vary with 

location) 

A = site area in acres 
ee 

Cpy 
Channel Protection 

Volume 

Q, 
Overbank Flood 

Q, 
Extreme Storm 

Default Criterion: 

Cp, = 24-hour extended detention of postdeveloped 1-year, 

24-hour storm event 

Option for Sites Larger Than 50 Acres: 

Distributed runoff control—geomorphic assessment to 

determine the bankfull channel characteristics and 

thresholds for channel stability and bedload movement. 

Control the peak discharge from the 10-year storm to 10-year 

predevelopment rates. 

Control the peak discharge from the 100-year storm to 100- 

year predevelopment rates 

Safely pass the 100-year storm event 
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Example: Size SMP for a 5-acre development site converted from meadow to 

a 30 percent average impervious surface development. Assume P = 1 inch. Selec- 

tion: retention basin (wet pond). 

WQ; R,=0.05 + 0.009(30) = 0.32 

WQ, =(1)(0.32)(5)/12 = 0.133 acre-feet 

Find runoff volume and velocity for 1-year, 24-hour storm for postde- 

velopment site and compare to bankfull capacity and permissible 

velocity using methods in chapter 13. 

Q,,Q,; Find storage volume needed to reduce postdevelopment peak to pre- 

development peak for both 10-year and 100-year storms using TR 55 

storage volume method (see next section). 

Size wet pond to assure WQ, storage plus extended volume to meet Cp, and 

storage needed for Q, and Q,. 

pr Vv 

Sizing Detention Ponds Using TR 55 

Anumber of techniques are available to size detention ponds to reduce peak water 

flows. Flood or flow routing techniques determine the effect of stream or pond 

storage on stream flow. They are based primarily on the Continuity Equation: 

q=AV 

where g = channel flow (cfs) 

A=channel cross sectional area (ft?) 

V= average channel velocity (ft/sec) 

and its derivative, the Storage Equation: 

9;- 9, = aV,/dt 

q,dt — q,dt = dV, 

V, = Sq,dt — Jq,at 

where t= time (s) 

g; = inflow into the stream reach or storage device (cfs) 

q, = outflow from the stream reach or storage device (cfs) 

V, = the volume storage in the stream reach or storage device (ft?) 

The integrals indicate the areas under the inflow and outflow hydrographs dur- 

ing the early stages of a storm’s drainage. A storage volume equal to the difference 
between the two areas will essentially convert the inflow hydrograph coming into 
the detention pond to the outflow hydrograph going out. Figure 14.18 shows this 
graphically. Shown is the change in the hydrograph after suburban development in 
the watershed: a shorter lag time and a higher peak. The difference between the 
hydrographs before the outflow peak (areas A + B) is the detention storage volume 
required to reduce the high peak hydrograph (i.e., inflow) to the low peak hydro- 
graph (i.e., outflow), thus offsetting the runoff effects of the development. A 
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Hydrograph after 
urbanization 

Hydrograph before 
urbanization 

Discharge/Rainfall 

Time ——e 

ce Detention storage volume needed to reduce peak 
discharge after urbanization to previous peak discharge. 

cas Detention storage volume needed after urbanization 
—=— to duplicate previous hydrograph 

Figure 14.18 Mitigating the Effect of Urbanization on Peak Discharge with Stormwater 

Detention after Concentration. 

detention volume equal to area A would be sufficient to reduce the peak flows to 

the original peak. 

A simple method to estimate detention volume is given in TR 55 (USDA, 1986). 

It utilizes results from the peak discharge method described in chapter 13 and 

uses an additional Worksheet 6. The method and an example are given below. 

Worksheet 6 Sizes Detention Volume to Reduce Peak 

Discharge (USDA, 1986) 

(Needed: drainage area (A,,), peak inflow (q; = 4, worksheet 4), peak outflow (q,), 

watershed runoff from design storm (Q, worksheet 1), rainfall distribution type.) 

The method computes the ratio peak inflow/peak outflow or q,/q,. The ratio of 

volume of storage to volume of runoff, V,/V,, is determined from figure 14.19. V.is 

computed by multiplying this ratio by V,. 

V, = Q A, 53.33 (acre-feet) 

WE a ViAV./V,) 

where: 
V; = volume of runoff (acre-feet) 
V, = volume of storage (ac-ft) 
Q = runoff (watershed inches) 
An= drainage area (acres) 

Vv. 

Detention Basin, V, 

ion 
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Figure 14.19 Approximate Detention Basin Routing (TR55 Figure 6-1). Source: USDA (1986). 

Example 6-1: Estimating V,, Single-Stage Structure (USDA, 1986) 

A development is being planned in a 75-acre (0.1170 mi?) watershed that outlets 

into an existing concrete lined channel designed for present conditions. If the 

channel capacity is exceeded, damages will be substantial. The watershed is in the 

type II storm distribution region. The present channel capacity, 180 cfs, was estab- 

lished by computing discharge for the 25-year frequency storm by the graphical 

peak discharge method (worksheet 4 in chapter 13). The developed-condition 

peak discharge (q,) is computed by the same method is 360 cfs, and runoff (Q) is 

3.4 inches. Since outflow must be held to 180 cfs, a detention basin having that 

maximum outflow discharge (q,) will be built at the watershed outlet. 

How much storage (V.) will be required to meet the maximum outflow dis- 

charge (q,) of 180 cfs, and what will be the approximate dimensions of a rectangu- 

lar weir outflow structure? 

Figure 14.19 and Worksheet 6a are used to estimate required storage (V, = 5.9 

acre-ft). The worksheet can also be used to estimate the maximum elevation or 

stage of storage with an outlet crest of 100 feet. For more information on storage 

stage and outlet types, see the TR 55 documentation (USDA, 1986). 

Stream and Riparian Corridor Preservation and Restoration 

The riparian zone, shown in figure 14.20, refers literally to banks beside water 
bodies, but also commonly refers to lands proximate to lakes, streams, and estuar- 
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Worksheet 6a 

Project , ; 
Robbinsville 

By SWR Pate 11/5/85 

Check one: (1 Present X] Developed Single stage structure ape ‘ 

106 — 

Location 
Dyer County, Tennessee 

CElevation or Listage 

eZ 

Detention basin storage ( acre-feet ) 

1. Data: 
Drainage area .............. Am= ONT al ede al ht Co We Cones oA Regie 
Rainfall distribution iI v 

type (1, IA, Il, Ill) = ee ee r 

DeeLOCUGMCWir cass cac.s02aenas 

(V; = QAm 53.33) 

9. Storage volume, 
Mem bacedetagnts.. coy een ae 

3. Peak inflow 
discharge j .....-.-..--. cfs | 360 

180 

(from worksheet 4 or 5b) 

4. Peak outflow 
discharge qy ..:..... cfs 

10. Maximum sia? Ey lao Pee 

5. Compute 5 ke ae er 0,50 (from plot 

a 

1/ 2nd stage qo includes 1st stage qo, 

ies. The riparian zone divides the aquatic zone and the upland zone, but it is phys- 

ically and ecologically related to both. As shown in figure 14.20b, the riparian zone 

filters upland runoff, stabilizes stream banks, provides critical edge and corridor 

wildlife habitat, shades water, and provides cover and food supply for aquatic 

species. The riparian zone is characterized by vegetation requiring large amounts 

of water, creating unique habitat conditions for wildlife. Riparian zones are distin- 
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Figure 14.20 Riparian Zone and Its Functional Elements. Source: USDA, NRCS (undated). 
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Figure 14.21 Destruction of Stream Riparian Corridors in Agricultural and Urban Landscapes. Typical straightening and 

“armoring” of channels in urban areas using concrete mattresses and sacks are shown in b and c (B: Boneyard Creek, 

Urbana-Champaign, IL) and riprap (C-Galindo Creek, Concord, CA). Sources: FISRWG (1 998) (a), Riley (1998) (b, c) 

guished by the type of water source and may extend well beyond the water line. 

Lentic habitats are proximate to standing waters, such as lakes and ponds. 

Lotic habitats are associated with running waters, such as rivers and streams. 

Principles and Process of Stream Corridor Protection and Restoration 

Our national land use history has not been kind to stream corridors. Agricultural 

land use has maximized agricultural productivity at the expense of riparian vege- 

tative diversity, habitat value, and water quality (figure 14.21a). In urban areas, 

natural drainage patterns are often seen as “getting in the way.” Instead of 

embracing these riparian features and designing with them, planners and devel- 

opers often destroy them, cover them up, armor and culvert them in a sea of 
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impervious surface (figure 14.21b and 14.21c), only to see the ghosts of streams 

past rise again in recurring flood flows and runoff pollution. 

Recurring flooding and pollution problems are not the most serious impacts of 

such practices. Lost are potential environmental services, ecological benefits, aes- 

thetic beauty, and economic property values provided by the riparian and stream 

corridor, As a result, a national movement has surfaced to resurrect and restore 

impacted stream corridors to their natural functions and renew these riparian ben- 

efits. With the aid of federal and state agencies to farmers, stream corridor restora- 

tion is being applied to rural agricultural areas. Community groups and local gov- 

ernments have taken the lead in restoration efforts in urban and urbanizing areas. 

Restoration is the process of returning a damaged ecosystem to its condition 

prior to disturbance (National Research Council, 1992) (see chapter 10). Stream 

corridor restoration is not easy. It requires careful planning and a broad under- 

standing of hydrologic, physical, chemical, and biological processes. Stream 

restorers have to play engineer, biologist, ecologist, landscape architect, and plan- 

ner. As a result, stream restoration is best conducted by an interdisciplinary team. 

Indeed, a major federal initiative to develop practical guidance for stream corridor 

restoration required a multiagency working group with representatives from the 

NRCS, Forest Service, National Oceanic and Atmospheric Administration, Corps 

of Engineers, Housing and Urban Development, Fish and Wildlife Service, Park 

Service, U.S. Geological Survey, Environmental Protection Agency, Federal Emer- 

gency Management Agency, and others (FISRWG, 1998). 

This section outlines some basic principles of stream corridor restoration, 

including restoration’s goals and techniques and a design and planning process. It 

then describes measures and practices to restore and maintain natural channels. 

Stream data gathering and analysis are important in this process. Chapter 13 and 

appendices described two of several procedures used for stream assessment. The 

first was visual and biological stream surveys. They require field stream walks, 

visual inspection, and documentation of the stream condition, and sampling 

stream biota, usually macroinvertebrates, to indicate stream health. The second 

method was calculating channel flow capacity and channel bank erosion problems 

and potential (see chapter 13, appendices 13.B, 13.C, and 13.D). 

The Federal Interagency Stream Restoration Working Group (1998) outlines a 

process for developing a stream restoration plan. It follows our basic process given 

in box 2.1. Step 2 calls for assessing existing stream condition along a condition 
continuum from pristine to heavily degraded. This not only helps to understand 
the current situation but also to envision possible futures: Where along this con- 
tinuum will the stream be if we do nothing? Where do we want it to be and what do 
we need to achieve that? Table 14.8 gives urban stream restoration goals and tech- 
niques used to achive them. 

The restoration process should: 

» work within a watershed/landscape context; 

# involve an interdisciplinary team; 

= develop clear, achievable, and measurable goals; 

= use reference sites within the watershed; 

= aim to preserve and protect resources (don’t wait until restoration is 
needed); 
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TABLE 14.8 Urban Stream Restoration Goals and Techniques 

Urban Stream 

Restoration Goals Techniques/Methods 

Control urban hydrologic 

regime. 

Remove urban pollutants. 

Restore instream habitat 

structure. 

Stabilize channel morphology. 

Replace/augment riparian 

cover. 

Protect critical stream 

substrates. 

Recolonize stream community. 

Upstream structural retrofits. 

Parallel pipe systems. 

Source control pollution prevention efforts. 

Upstream structural retrofits. 

Increased/enhanced stream buffers. 

Elimination of illicit connections. 

Erosion and sediment controls. 

Create pools/riffles. 

Confine and deepen low flow channels. 

Provide structural complexity. 

Provide in-stream fish cover. 

Enhance channel geometry (length to width 

ratio, meander patterns, etc.). 

Stabilize severe bank erosion. 

Stabilize channel and bed to accommodate 

bankfull discharge. 

Provide enhanced tree canopy over headwater 

streams. 

Stabilize stream banks. 

Provide in-stream overhead cover. 

Revegetate stream banks and buffers. 

Erosion and sediment controls. 

Riffle creation. 

Mechanical stream substrate cleanout 

(“mudsucker”). 

Enhance steam buffers. 

Remove fish migration barriers. 

Selectively reintroduce predisturbance native fish 

community. 

= restore ecological integrity, natural structure, natural function; 

= design for self-sustainability, using “passive” restoration, natural fixes, 

and bioengineering; and 

= monitor and adapt where changes are necessary and anticipate future 

changes. 

Stream restoration should take a watershed approach and look beyond the stream 

and corridor to the upland sources of runoff. Therefore, it involves the following: 

» In-stream techniques: (channel reconfiguration and realignment to 

restore geometry, meander, sinuosity, substrate composition, structural 

complexity, reaeration, stream bank stability) 

« Riparian techniques: (reestablishment of vegetative canopy, increas- 

ing corridor width, restrictive fencing) 

A? 4 
wee & 
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« Upland or watershed techniques: (control of NPS pollution, imper- 

vious surface, SMPs) 

There is an important design elemént to stream urban restoration, and as in most 

planning, it is important to engage stakeholders in the process. Visualizing the possi- 

bilities is an important step for generating support and funding for projects. Photo sim- 

ulation can give people an idea of the opportunities. Figure 14.22 gives a photo pair 

produced by Steve Price for The Friends of Baxter Creek in Richmond, California. 

Designing Restored Stream Channels, Meanders, and Floodplains 

The heart of the stream restoration process is the design and selection of alterna- 

tives. Restoration measures address four main components of the steam corridor: 

the stream channel, the in-stream habitat, the streambank, and riparian 

habitat and buffers. The extent of the measures depends on the condition of 

the stream and the restoration objectives. Projects can range from minor stream 

bank treatment to major re-creation of a natural stream channel from a straight- 

ened, armored, or buried drainage channel. Major restoration requires engineer- 

ing design of channel meander and floodplain dimensions. The following list out- 

lines a process for designing re-created channels taken from Riley (1998) and 

FISRWG (1998). 

Designing Restored Stream Channels, Meanders, 

and Floodplains 

1. Preliminary Bankfull Dimensions: Determine restoration bankfull 

width and depth based on existing, historic, or desirable conditions (see — 

figure 14.23). 

a. Measure width, depth, slope, cross-sectional area of existing channels, 

terraces, and floodplains. 

b. If stream is being re-created in urban area, measure reference streams 

in different drainage areas that appear to be in “urban equilibrium,” 

that is, stable under existing development conditions. 

c. Consult historic photographs; interview residents with local knowledge. 

d. Conduct calculations of channel capacity and velocities for design 

storms and discharges for existing and proposed channel dimensions 

(see chapter 13). 

2. Meander Design: If stream meander is part of restoration: (see figure 
14.23) 

a. Estimate the channel meander based on prior conditions, other 

streams in the region, or calculation: 

Meander wavelength (L) = 11 x bankfull width; 

Meander amplitude (M,) = 2.7 x bankfull width; 

Radius of curvature (r,) is 0.2 L and averages 2.3 x bankfull width. 
3. Floodplain Design: Draw restoration meander and channel dimen- 

sions and design floodplain based on dimensions in 1.a. More floodplain 
is better than less. 
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Figure 14.22 Photo Simulation of Potential Restoration of Baxter Creek, Richmond, California. Source: Steve Price, Urban 

- Advantage. Used with permission. 

a. Transfer dimensions to site map and adjust meander shape and flood- 

plain area to fit existing land use, streets, and utilities. Consider oppor- 

tunities for relocation of structures. 

b. Stream bank slopes should be 1:1 to 1:3; natural banks average 1:2, 

but 1:3 is better for people access. 

c. Floodplain elevation should be greater than the top of the bankfull 

channel. 

4, Check Design Against Site Dimensions and Discharge Flows: 

a. Measure elevation and slope between upstream and downstream 

boundaries of restoration site. 
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 ——_lopographic floodplain —_—_ 

<— hydrologic floodplain ——» 

bankfull depth 

L meander wavelength 
M, meander arc length 
w_ average width at bankfull discharge 
M, meander amplitude 
r- radius of curvature 
©- arc angle 

Figure 14.23 Stream Bankfull and Meander Dimensions. Source: FISRWG (1998). 

b. Compare slope, meander, bankfull, and floodplain dimensions to refer- 

ence streams. If channel is too short or slope is too great, energy of the 

stream may have to be dissipated by in-stream measures, such as a 

step-pool or weir. 

c. Draw flood elevations for 25-, 60-, and 100-year floods. See if bankfull 

and floodplain cross sections can accommodate them. 

d. Calculate the velocities for different storm discharges. If above 6 

ft/sec, larger floodplain or channel bank bioengineering are needed 

(see next section). 

Bioengineering Measures to Restore Stream Corridors 
and Control Bank Erosion > & 

Growing experience in stream restoration has resulted in developing several mea- 

sures to improve the stability, water quality, and ecological integrity of stream cor- 

ridors. Some excellent source materials for information on these measures are 

available, including the NRCS conservation practices website (USDA, undated), 

NRCS bioengineering reports (e.g., USDA, 2002), FISRWG (1998), and the Cen- 

ter for Watershed Protection (http://www.cwp.org). The most effective measures 

involve good planning and “bioengineering” methods that include restoration con- 

struction practices using mostly vegetative materials. 

Most stream corridor restoration projects deal with streams that, while 

degraded, do not need to be redesigned or re-created. Restoration measures for in- 
stream habitat, stream banks, and riparian vegetation and habitat do not require 
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the engineering analysis of channel and meander design. The following list out- 

lines procedures for designing these measures. Specific measures are described 

next. The design and selection of measures are based on restoration goals and 

objectives and assessment of existing conditions (table 14.8). This assessment 

employs visual and biological stream assessment methods discussed in chapter 13. 

Designing In-Stream Habitat, Streambank, and Riparian 

Habitat Restoration Measures 

1. In-stream Habitat Restoration: 

a. Assess bed material size distribution, pools, riffles, confinement of low- 

flow channel 

b. Promote greater structural complexity across the streambed using 

check dams, wing deflectors, boulder clusters; deepen low-flow chan- 

nel confinement areas. 

c. Establish appropriate riffle spacing (pool-riffle spacing = 3-10 X chan- 

nel widths (6 is average; 4 on steeper, 8—9 on gradual slopes). 

d. Protect critical stream substrates: gravels, boulders, overhead cover; 

fish spawning areas; promote recolonization of the stream community. 

2. Streambank Protection Restoration: 

a. Calculate allowable (permissible) velocity at bankfull flows (see appen- 

dix 13.D). 

b. Stabilize channel morphology with appropriate methods: vegetative 

methods (plantings, revetment); indirect methods (dikes, flow deflec- 

tors, weirs); or (last resort) armor methods (riprap, grid pavers, con- 

crete). 

3. Riparian Vegetation and Habitat Restoration: 

a. Reforestation of native cover; changes in mowing to allow succession 

of vegetation. 

b. Removal of exotics and invasive species. 

c. Promote overhead cover for fish habitat. 

d. Vegetative buffers: 

iL 

iv. 

V. 

3-zone buffer system: streamside, middle zone (100-year floodplain 

plus undevelopable steep slopes 4 ft per percent slope, adjacent 

wetlands or critical habitats), outer zone (25 ft beyond middle 

zone) (see figure 14.28, box 14.1). 

pre-development vegetative target. 

. minimum 100-ft buffer width, but buffer contraction and expan- 

sion depending on conditions. 

maintain unbroken corridor with design of buffer crossings. 

use upland BMPs as well as buffers: buffers can treat stormwater 

from only 10 percent of watershed. 

The following figures in box 14.1 illustrate measures for riparian buffers, 

streambank erosion control, and in-stream habitat enhancement. Box 14.1 lists 

several measures under these three categories. 

> 
= Wi 
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BOX 14.1 — Stream Corridor Restoration Measures 

In-stream Habitat Restoration Measures Tree cover: trees felled and anchored along 

stream bank to provide overhead cover and Boulder clusters: provide overhead cover and : 
substrate for organisms create deep areas used by juvenile fish 

Boulder or log weirs, channel constrictors: 

constrict flow increasing water force, deepen Stream Bank Protection and Restoration 
channel, provide cover Bag, log, rootwad, tree and boulder revet- 

Cobble or gravel liners: add riffle and spawn- ment: facing of stone or other materials to 

ing materials to streambed materials prevent erosion of banks 

Fish passages: provide access to desirable Bank shaping and vegetating: reduces bank 

and migrating fish slope, preparatory for other bank stabiliza- 

Log, brush, or rock shelters: trap detritus for tion 

organisms that feed fish and provide shade Brush mattress: layer of live branch cuttings 

and cooling that sprout and restores riparian vegetation, 

Migration barrier: controls nuisance species habitat (figure 14.24) 

Branch 

cuttings 

Stream-forming flow 

Dead stout 
stake 

Live stake 

Stream bed uM Live fascine bundle 

Geotextile fabric 

Brush Mattress 

Section View 

Branch cuttings 

Live stake 

Dead stake 

Live fascine 

bundle 

Brush Mattress 
Perspective View 

Rock toe 

Figure 14.24 Brush Mattress. Source: CSD-MSU (undated). 

Continued > 
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BOX 14.1 — (continued) 

Coconut fiber roll: cylindrical, flexible rolls Live cribwall: interlocking timbers filled with 
of coconut husk fibers that mold to and alternating layers of soil and live branches to 
protect slopes protect steep banks 

Double and single wing deflectors: rocks Live stakes: dormant woody cuttings 

wings create midchannel pools inserted into toe or stream bank (figure 

Erosion blanket, hydroseeding: spray seed- _ 14.25) 

ing can be enhanced by degradable blanket Live fascine: bundles of dormant, live 

Groynes: structures jutting into channel that cuttings bound together in cylindrical 

divert high velocity currents away from form and attached to bank (figure 

outer banks ~ 14.25) 

Live branches Live fascine 

bundles 

on 

Live stake 

Dead stake 

Cylindrical structures 

protect streambank 

Stream 

Live Fascine Installation 
Perspective View 

Figure 14.25 Live Fascine: Rooting Stakes. Source: CSD-MSU (undated). 

Continued > 
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BOX 14.1 — (continued) 

I Streamside I 
1 Zone J 

Foot path 

Middle 

Zone 

Figure 14.26 Riparian Buffer Zone. Source: CSD-MSU (undated). 

Vegetated rock gabions: basket of heavily 

galvanized wire mesh filled with rock and 

laced together on bank 

Streambank “armor”: riprap, grid pavers, 

concrete placed or molded on shaped 

streambanks with high velocities 

Riparian Habitat Restoration 

Forested and vegetated buffers (figure 14.26) 

Buffer zonation (table-14.9) 

Source: Center for Sustainable Design (undated). 

TABLE 14.9 Riparian Buffer Zones and their Characteristics 

Characteristics 

Function 

Width 

Vegetative Target 

Allowable Uses 

Streamside Zone Middle Zone 

Protect the physical integrity Provide distance between 

of the stream ecosystem. 

Minimum of 25 ft plus 

wetlands and critical 

habitat. 

Undisturbed mature forest; 

reforest if grass. 

Very restricted (e.g., flood 

control, footpaths, etc.). 

upland development and 

streamside zone. : 

50-100 ft depending on 

stream order, slope, and 

100-year floodplain. 

Managed forest, some 

clearing allowable.* 

Restricted (e.g.,.some 

recreational uses, some 

stormwater BMPs, bike 

paths). 

Outer Zone 

Prevent encroachment and 

filter backyard runoff. 

25-ft minimum setback to 

structures. 

Forest encouraged, but 

usually turfgrass. 

Inrestricted (e.g., residential 

uses, including lawn, 

garden, compost, yard 

wastes, most stormwater 

BMPs). 

*100-year floodplain plus undevelopable steep slopes 4 ft per percent slope, adjacent wetlands or critical habitats 
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Stormwater management was once the sole domain of the engineer who could cal- 

culate flows and design structures to enhance drainage. The engineer is still 

involved, but because of expanding objectives for water quality, infiltration and low 

flow protection, natural drainage and stream restoration, and mitigation of imper- 

vious surfaces, stormwater management now has a large number of stakeholders 

and problem solvers. Stakeholders include landowners, local watershed groups, 

and volunteer stream monitors, among others, and the professionals involved 

include environmental planners and landscape architects, as well as engineers. 

Creative solutions to stormwater management, like wetlands and bioretention, 

imitate nature and its processes for biological water treatment, retention, and 

infiltration. These innovative measures are finding their way to state and local 

stormwater programs and ordinances with the hope that new development will 

not have the impacts of the past and that we may reduce future damage on our 

remaining natural streams in urbanizing areas. A greater challenge is correcting 

the ‘sins’ of the past by retrofitting stormwater management practices, discon- 

necting impervious surfaces, and restoring and in some cases uncovering natural 

drainage channels, and bringing back to life the urban streams that add so much to 

the aesthetic, recreation, and ecological worth of our communities. 



Land Use and Groundwater 

Just as the use of the land impacts surface water flows and quality, it also affects 

groundwater. Water infiltrating the land surface becomes part of the subsurface 

groundwater flow. Impervious surfaces inhibit infiltration and recharge of ground- 

water, and pollution sources on the land contribute to groundwater contami- 

nation. Before exploring these impacts and discussing approaches to land and 

groundwater management, it is important to understand some concepts and ter- 

minology related to hydrogeology and groundwater use. 

Groundwater Hydrology Fundamentals 

Figure 15.1 gives an overview of groundwater relationships and introduces 

groundwater terms. Subsurface water must occupy the voids or interstices within 

soil and rocks that are not occupied by solid material. The degree of voids existing 

in soil or rock material is measured by its porosity, or the ratio of the volume of 

voids to the total volume of soil or rock. If the interstices are connected so that a 

fluid can move from one to another, the material is said to be permeable. Recall 

from chapter 12 that permeability is the capacity to transmit fluids under pres- 

sure. (The coefficient of permeability is measured in volume of water transmitted 

through an area under a standard pressure and temperature.) Generally, subsur- 

face materials having high porosity and permeability make good water-bearing for- 

mations. 

Aquifers and Recharge 

Formations that contain enough water and have sufficient permeability to be used 

as water supply sources are called aquifers. An aquiclude (such as clay) is usu- 

ally porous and may contain groundwater but transmits it slowly and is not a good 

water supply source. An aquifuge (such as rock) neither stores nor transmits 
water. Aquicludes and aquifuges can serve as confining layers (aquitards) above 
or below aquifers. The occurrence of aquifers, their recharge, and the movement 
of groundwater are determined by geologic factors including surface and subsur- 

480 
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Figure 15.1 Groundwater System, Illustrating Major Terms. Sources: USGS (1972), FISRWG (1998). 

face materials, stratigraphy, and structure. Porosity and permeability of materials 

determine their water-bearing potential. The potential of unconsolidated materi- 

als depends on texture and degree of sorting. Some rock materials such as sand- 

stones and limestones may have sufficient voids and permeability to provide good 

aquifer potential. Other rock materials (igneous-and-metamorphic rock, shale) 

have poor potential unless a high degre weathering and fracturing has pro- 

duced voids. Table 15.1 gives porosities and permeabilities for selected materials 

zone, also called the vadose zone. The water table level fluctuates with periods 

of rainy and dry weather. Unconfined perched aquifers produce seeps or 

springs where underlying layers force water to spill out of the ground. Figure 15.2 

shows aquifer recharge areas for a typical unconfined aquifer in a river valley 

made up of unconsolidated alluvial and colluvial deposits having good porosity and 

permeability. The primary recharge area is directly above the aquifer. Secondary 

recharge comes from runoff from mountain flanks, which flows into the primary 

area. Tertiary recharge comes from runoff higher up the watershed, which con- 

tributes to stream flow in the river. 
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TABLE 15.1 Porosities and Coefficients of Permeability for Common 

Materials 

Porosity Permeability 

(%) (gal/ft?/da) 

Clay 45 0.01 

Good Sand 85 1,000 

Water- Gravel 25 100,000 

Bearing Gravel and Sand 20 10,000 

Materials Sandstone 15 100 

Shale 120 

Granite il 0.01 

Tertiary Recharge 

Area 

Secondary 
Recharge Area 

Primary 
Recharge //; 

Area (7 

Less Permeable 

Deposits 

Fractured Bedrock 

Figure 15.2 Aquifer Recharge Areas. Source: Jon Witten and Scott Horsley. 1995. A Guide to 
Wellhead Protection. Planning Advisory Service Report 457/458. Used with permission of the 
American Planning Association. 
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Edwards Plateau 

Drainage area 

Figure 15.3 Edwards Aquifer. Source: Jon Witten and Scott Horsley. 1995. A Guide to Wellhead Protection. Planning 
Advisory Service Report 457/458. Used with permission of the American Planning Association. 

If the aquifer is overlain by a geologic layer through which water cannot move, 

it is said to be confined. Stratigraphy and structure influence the recharge of con- 

fined aquifers. Stratigraphy is the study of layered rock material in the Earth’s 

crust. Layers of different types of geologic material may fold and bend, occasion- 

ally cropping out to the surface, occasionally dropping to significant depths. As 

shown in figure 15.1, a confined aquifer is a layer of good water-bearing material 

bounded by confining layers or materials of low permeability. Thus, a confined 

aquifer is recharged where its permeable stratum intercepts the ground or by con- 

nection to another aquifer or surface water sources. Connection to such sources 

can result from subsurface structure or faults and fractures, which provide 

avenues for water movement. Semiconfined aquifers are those that are 

recharged at their interception with the ground surface and by fractures through 

their confining layer that may extend to the ground surface. Figure 15.3 shows the 

semiconfined Edwards Aquifer in Texas. Runoff and streamflow from the drainage 

area flows into the recharge area; faults and fractures in the recharge area provide 

the principal avenues for aquifer recharge from the streamflow. 

Potentimetric (Piezometric) Surface and the Cone of Depression 

When a well is drilled or pipe sunk into an aquifer, the water in it will rise to a cer- 

tain level. The height of that water above some arbitrary datum, usually sea level, 

is called the head or potentimetric or piezometric surface. For an uncon- 

fined aquifer, this level will be the water table. As shown in figure 15.1, for con- 

fined aquifers this level is determined by the height of water in the confined col- 

umn below its recharge area. It may be above the water table (an artesian well) or 

below the water table (a subartesian well). If the pressure is great enough for the 
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Figure 15.4 Cones of Depression. Pumping from a well lowers the piezometric surface. In unconfined aquifers (left), this 

lowers the water table. In confined aquifers, it lowers the piezometric surface which can be measured with piezometers. 
For large aquifers, the cone can extend for several miles and take years to recover, even after adequate recharge. Source: 
Water in Environmental Planning by Thomas Dunne and Luna Leopold, copyright © 1978. Reprinted with permission of W. 

H. Freeman and Company. 

water to actually rise above the ground surface and flow freely, it is called a flow- 

ing artesian well. 

Pumped wells can dramatically affect the piezometric potential and cause 

adverse effects. As shown in figure 15.4, pumping causes a cone of depression 

that lowers the potentimetric surface not only at the well but also in the surround- 

ing area. With several wells tapping the same aquifer, competition can result, as 

one deep well can lower the surface below neighboring shallower wells. The piezo- 

metric depressions in Tidewater Virginia, where large industrial wells are used by 

pulp and paper mills in Franklin and West Point, have caused a drop in the piezo- 

metric surface of 100-160 feet that extend as far as 50 miles from the wellhead. 

Figure 15.5 shows that along a stream, a cone of depression can lead to surface- 

to-groundwater flow. In times of drought the stream can be completely drained in 

this way. Along the coast, heavy pumping of groundwater can lead to saltwater 

intrusion. Lighter fresh groundwater occurs as a wedge above heavier saline 

groundwater. The height of the wedge above sea level is 1/40 of its depth below. 

Pumping fresh water raises saltwater 40 times faster than it depresses the cone of 

freshwater. If the cone is depressed to sea level, saltwater intrudes into the well, 

reducing water quality, even though there is adjacent fresh water. 

Groundwater Flow and Relationship with Surface Water 

Groundwater flow is determined by piezometric pressure and aquifer materials. 
Shallow groundwater generally conforms to surface topography. This is not always 
true for confined aquifers. In the recharge-discharge process of a typical ground- 
water system, subsurface movement may be relatively rapid in shallow systems, 
whereas the groundwater in deep confined aquifers may take decades to move 
from recharge to discharge. 
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_~ Water table 

Figure 15.5 Cone of depression can turn a gaining stream into a losing stream. Source: Jon Witten and Scott Horsley. 

1995. A Guide to Wellhead Protection. Planning Advisory Service Report 457/458. Used with permission of the American 

Planning Association. 

Discharge from shallow groundwater flow is an important component of stream- 

flow between storms. The “effluent” or “gaining” stream shown in figures 15.1 and 

15.5 (top) gains surface flow from subsurface flow when the water table is above the 

surface water. An “influent” or “losing” stream loses surface flow to groundwater 

when the water table is below the surface water. Figure 15.5 (bottom) shows that a 

well’s cone of depression can turn a gaining stream into a losing stream. 

Figure 15.6 shows the karst hydrologic system and the interaction of surface 

and groundwater movement. Not only does karst provide direct avenues for unfil- 

tered flow from surface to groundwater, but landowners often try to fill sinkholes 

associated with karst with wastes that contribute toxic materials to the ground- 

water (see also karst section of chapter 9). 

A graduate student’s study near Blacksburg, Virginia, demonstrated the rapid 

movement of groundwater flow (and the contaminants it may carry) in karst sys- 

tems. He injected a dye tracer into two sinkholes in the Lusters Gate area. He 

intended to monitor possible release of the dye into surface seeps near the Roa- 
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Disappearing stream 

Sinkhole 

Figure 15.6 Karst Hydrologic System. Source: Virginia Cave Board. 

noke River three miles away by inspecting the seeps at daily intervals for several 

months. To his surprise the dyes were present on his first inspection of the seeps 

the next day, within 24 hours of the dye injection (Hirschman, Randolph, and 

Flynn, 1992; Hayman, 1972). 

Land Use, Groundwater Recharge, and Contamination 

Land use impacts groundwater in much the same way as it affects surface waters. 

All groundwater originates on the land. Impervious surfaces inhibit infiltration, 

subsurface water flow, and groundwater recharge. Most groundwater contami- 

nants originate from land activities and seep into groundwater by subsurface flow. 

Managing groundwater quantity and quality requires understanding the ground- 

water system, maintaining recharge, and controlling sources of contamination. 

This requires managing land use development and land use practices. 

Impervious Surface and Groundwater Recharge 

We have seen in chapters 13 and 14 that impervious surfaces have a critical 

impact on surface water flows and quality. Since they inhibit infiltration, they 

reduce shallow groundwater flow that contributes to stream flow between storms. 

They also reduce deeper groundwater flow that contributes to aquifer recharge. 

Communities dependent on groundwater for water supply have a special chal- 

lenge to understand their groundwater system and to manage development to pro- 
tect recharge areas. The first step is to delineate recharge areas. Figure 15.3 shows 
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the important Edwards Aquifer in Texas, the location of its recharge area, as well 

as the drainage area that contributes to that recharge. The next step is to control 

land use development and practices that can potentially impact aquifer recharge. 

Groundwater Contamination 

Although land use can affect groundwater recharge, especially through construc- 

tion of impervious surfaces, its more significant impact is groundwater contami- 

nation. Concerns over groundwater contamination stem from three factors: 

= Groundwater is out of sight and therefore generally out of mind. It is diffi- 

cult to monitor, and problems are usually not discovered until damage 

has occurred. 

= Groundwater contamination is far more difficult to treat and remediate 

than surface water pollution. 

» Groundwater use in private wells is usually used for domestic and drink- 

ing water needs without treatment. 

Because groundwater is used for drinking water, contaminants of concern are 

those related to human health effects. These are distinguished between those 

causing acute health effects and those resulting in chronic effects. Acute effects 

are immediate effects, appearing within hours or days. They can result from expo- 

sure to pathogens (disease-causing organisms) or nitrates in drinking water. Path- 

ogens are waterborne bacteria, viruses, protozoa, and parasites that cause gas- 

trointestinal illness and, in extreme cases, death. Protozoa Giardia lamblia and 

Cryptosporidium have caused several disease outbreaks in the United States dur- 

ing the past 15 years. Nitrates in drinking water can cause acute health effects in 

infants, causing methemoglobinemia, or “blue baby syndrome.” 

Chronic health effects result from exposure to a drinking water contami- 

nant over many years. Effects include birth defects, cancer, and other long-term 

health effects. Contaminants causing chronic health effects include lead and 

other metals and volatile organic chemicals, like pesticides, solvents, and other 

petrochemicals. 

Groundwater contamination comes from several sources introduced on the 

land surface (e.g., liquid or solid wastes, road salt, animal feedlots, fertilizer and 

pesticides, airborne particulates), above the water table (e.g., leaching landfills, 

septic systems, leaking underground storage tanks, leaking pipelines, stormwater 

dry wells), or below the water table (e.g., abandoned wells, exploratory wells, waste 

injection wells, mines, saltwater intrusion). Land use involves the first two cate- 

gories. The primary sources of groundwater contamination from surface land use 

are listed below: 

=» Septic systems can be a problem when located too close to wells in soils 

having very high permeability or structural avenues for rapid wastewater 

movement. 

» Leaking underground storage tanks containing petroleum products 

have caused considerable contamination and abandonment of wells. 
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» Contamination from landfills and lagoons has led to stricter standards 

and controls, including dual liners and groundwater monitoring. 

= Surface runoff from agricultural, urban, mining, and industrial lands 

have all contributed to contamination. Nitrogen fertilizers and pesticides 

on agricultural lands have created human health-related problems. 

The movement of contaminants depends on the groundwater flow regime dis- 

cussed previously. It also depends on the characteristics of the pollutant, including 

its density and its chemical and physical properties that may affect its reaction and 

filtration when in contact with subsurface materials. Pollutants having the same 

density as water will follow the groundwater flow path. Those denser will sink and 

not migrate laterally as quickly. Those less dense may actually float on top of the 

water table. 

Assessing Groundwater Resources 

Managing groundwater and preventing groundwater contamination at the local 

level involves four components: 

1. Understanding the groundwater system 

a. Hydrogeologic investigations 

b. DRASTIC studies 

c. Wellhead protection area (WHPA) delineation 

2. Inventorying and assessing threats and potential sources of contami- 

nation 

3. Monitoring groundwater 

4. Developing a groundwater management program 

a. Remediation 

b. Prevention 

Regulatory measures 

Nonregulatory measures 

Improved groundwater assessment methods have helped communities better 

understand their groundwater systems. Hydrogeologic investigations, DRASTIC 
studies, and WHPA delineation techniques can provide communities a scientific 
basis for programs to protect them. The next section describes hydrogeologic and 
DRASTIC mapping studies, and wellhead protection and other groundwater man- 
agement programs are discussed in the one that follows. 

Understanding the Groundwater System: Hydrogeologic Investigations 

Community groundwater investigations can assess groundwater potential and 
problems. They describe the physical setting of the community (i.e., physiography, 
hydrology, and soils), the hydrogeology (geologic formations and aquifer systems), 
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groundwater quality, groundwater problems, and groundwater development 

potential. The location of recharge areas is important to apply land use strategies 

for groundwater protection. 

Figures 15.7 and 15.8 illustrate some results of the Roanoke County Ground- 

water Study (Breeder and Dawson, 1976). The study describes the hydrogeology 

of the county, giving the geologic formations and their water-bearing characteris- 

tics; both aerial and sectional views are given to show the stratigraphy and struc- 

ture as well as the surface materials. 

Figure 15.7 identifies the main aquifer recharge areas. In this case, they are 

associated with the fault lines and river valleys. The figure also identifies where 

urbanization has interfered with recharge through the construction of impervious 

surfaces and where artificial recharge is provided. Figure 15.8 denotes specific 

groundwater problem areas. It shows land subsidence areas and where poorly 

sited developments (landfills and industrial operations) have caused groundwater 

contamination; included is the Dixie Caverns Landfill. The name advertises the 

waste landfill’s inappropriate location in a karst and cave area. Not surprisingly, 

this site became a national Superfund site. 

The study concluded that the aquifers could safely yield 50 to 60 million gallons 

per day (mgd) in addition to current withdrawals of 10 mgd; but to protect this 

resource, the study recommended that groundwater recharge zones be main- 

tained as open space areas (VSWCB, 1976). Despite this potential, Roanoke 

County determined in the late 1980s that groundwater contamination in this 

urbanizing area posed too great a risk and decided to develop surface water for 

long-term water supply. 

The Edwards Aquifer, shown in figure 15.3, was the first in the nation to be des- 

ignated a “sole source aquifer” under the provisions of the Safe Drinking Water 

Act (SDWA) of 1974. Studies showed that major recharge areas are where the 

limestone reservoir crops out of the impervious tight clay and where large crevices 

and cracks occur in the streambeds along the Balcones Fault zone. The direct 

recharge by surface flow through this fault zone and various solution openings 

makes the aquifer susceptible to runoff pollutants. As early as the 1970s, land use 

control programs were developed to protect the aquifer from runoff pollution, 

including a special permit required for development in the area draining to the 

aquifer. Permits are based on a point system that assesses the risk of a proposed 

development to contaminate the groundwater. Managing the Edwards Aquifer is 

discussed further in the section “Groundwater Source Protection.” 

DRASTIC: Mapping Groundwater Contamination Susceptibility 

In the late 1980s, the U.S. EPA, in conjunction with the American Water Well 

Association, developed a method to help counties assess and map susceptibility to 

groundwater contamination based on hydrogeologic factors (Aller, Bennett, Lehr, 

Petty, and Hackett, 1987). The DRASTIC method is a sum-of-weighted-factors 

technique that considers the following seven factors: 

D: Depth to Water (feet): greater D—> less susceptibility 

R: Net Recharge (inches): greater R—> greater susceptibility 
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A: Aquifer Media (material): more porous/permeable—> greater suscepti- 

bility 

S: Soil Media (material): more porous/permeable—> greater susceptibility 

T: Topography (slope): greater T+-> less susceptibility 

I: Impact of the Vadose Zone (material): more porous/permeable—> 

greater susceptibility 

C: Hydraulic Conductivity (gallons per day per ft”): greater C—> greater 

susceptibility : ; 

The calculation of a DRASTIC score for a specific area involves adding together 

the products of the factor ratings (r) and the factor weights (w): 

DRASTIC score=D,D,,+RR,+AA,+5,S,,+T,Ty tlh, +C,C,, 

The factor weights between 1 and 5 are given in table 15.2. The basic DRASTIC 

weights are used in normal applications. Where agricultural use and pesticides 

are a concern, the agricultural or pesticide weights should be used. Factor ratings 

ona 1 to 10 scale are described in table 15.3a-g. 

The data necessary to perform DRASTIC calculations are fairly complex. Soil 

surveys, geologic maps, county government information, and local industry and 

university studies are especially useful sources of data. However, for many areas 

TABLE 15.2 DRASTIC Weights (1 to 5 scale) 

Factor Basic Weight Agricultural Weight 

Cra eo wWOenNwA NUAwWowW AO 

TABLE 15.3a Ranges and Ratings for Depth to 
Water 

D Depth To Water (Feet) 

Range Rating 

0-5 il 

5-15 

15-30 

30-50 

50-75 

75-100 

100+ ew Ww on Oo © 

Weight: 5 Pesticide Weight: 5 
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TABLE 15.3b Ranges and Ratings for Net Recharge 

R Net Recharge (Inches) 

Range Rating 

0-2 1 

2-4 3 

4-7” 6 
7-10 8 

10+ 9 

Weight: 4 Pesticide Weight: 4 

TABLE 15.3c Ranges and Ratings for Aquifer Media 

A Aquifer Media 

Range Rating Typical Rating 

Massive Shale 

Metamorphic/Igneous 

Weathered Metamorphic/Igneous 

Glacial Till 

Bedded Sandstone, Limestone and Shale Sequences 

Massive Sandstone 

Massive Limestone 

Sand and Gravel 

Basalt 

Karst Limestone 

t i eerie 

PraoaoDnOoooana4aiw 

D*DDaoaItkwWN 

fo) © 

Se ae ee 0 10 

Weight: 3 Pesticide Weight: 3 

TABLE 15.3d Ranges and Ratings for Soil Media 

S Soil Media 

Range Rating 

Thin or Absent 10 

Gravel 10 

Sand 9 

Peat 
8 

Shrinking and/or Aggregated Clay t 

Sandy Loam 
6 

Loam 
5 

Silty Loam 
4 

Clay Loam 
3 

Muck 
2 

Nonshrinking and Nonaggregated Clay 1 

Weight: 2 Pesticide Weight: 5 
See? eis Iva el has wig went TAA fg 
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TABLE 15.3e Ranges and Ratings for Topography 

T Topography (Percent Slope) 

Range Rating 
ee 

0-2 10 

2-6 9 

6-12 5 

12-18 3 

18+ 1 

Weight: 1 Pesticide Weight: 3 

TABLE 15.3f Ranges and Ratings for Impact of the Vadose Zone Media 

I Impact of the Vadose Zone Media 

Range Rating Typical Rating 

Confining Layer 1 1 

Silt/Clay 2-6 3 

Shale 2-5 3 

Limestone 2-7 6 

Sandstone 4-8 6 

Bedded Limestone, Sandstone, Shale 4-8 6 

Sand and Gravel with significant Silt and Clay 4-8 6 

Metamorphic/Igneous 2-8 4 

Sand and Gravel 6-9 8 

Basalt 2-10 9 

Karst Limestone 8-10 10 

Weight: 5 Pesticide Weight: 4 

TABLE 15.3g Ranges and Ratings for Hydraulic 
Conductivity 

C Hydraulic Conductivity (GPD/FT?) 

Range Rating 

1-100 1 
100-300 z 

300-700 4 

700-1000 6 

1000-2000 8 

2000 + 10 

Weight: 3 Pesticide Weight: 2 

data on all of the DRASTIC factors are not available. To help implement DRASTIC 
where detailed data may not be available, the method provides information on 
hydrogeologic settings for different groundwater regions of the country. Figure 
15.9 shows the 11 groundwater regions. For each region, different hydrogeologic 
settings are identified, and for each setting, DRASTIC factor values are estimated 
and DRASTIC scores are calculated. Table 15.4 lists all the hydrogeologic settings 
and their DRASTIC scores. 
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TABLE 15.4 Hydrogeologic Settings and Associated DRASTIC Indexes Sorted by 

Ground-Water Regions 

Settings 

1Aa East 

1Ab West 

1Ba East 

1Bb West 

1Ca East 

1CB West 

1D 

1Ea East 

1Eb West 

1F 

1G 

1H 

2A 

2B 

2C 

Descriptions 

Mountain Slopes 

Mountain Slopes 

Alluvial Mountain Valleys 

Alluvial Mountain Valleys 

Mountain Flanks 

Mountain Flanks 

Glacial Mountain Valleys 

Wide Alluvial Valleys (External Drainage) 

Wide Alluvial Valleys (External Drainage) 

Coastal Beaches 

Swamp/Marsh 

Mud Flows 

Mountain Slopes 

Alluvial Mountain Valleys 

Alluvial Fans 

Alluvial Basins (Internal Drainage) 

Playa Lakes 

Swamp/Marsh 

Coastal Lowlands ee 
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TABLE 15.4 (Continued) Hydrogeologic Settings and Associated DRASTIC Indexes Sorted by 

Ground-Water Regions 

Settings Descriptions | Rating eS ne eee 

2Ha River Alluvium with Overbank Deposits 163 

2Hb River Alluvium without Overbank Deposits 191 

2I Mud Flows 149 

2J Alternating Sandstone and Shale Sequences 112 

2K Continental Deposits 96 

3A Mountain Slopes 86 

3B Alluvial Mountain Valleys 168 

3C Hydraulically Connected Lava Flows 146 

3D Lava Flows Not Connected Hydraulically 105 

3E Alluvial Fans 105 
3F Swamp/Marsh 139 

3G River Alluvium ii 
4A Resistant Ridges 86 

4B Consolidated Sedimentary Rock 87 

4C River Alluvium 152 

4D Alluvium and Dune Sand 102 

4E Swamp/Marsh 176 

DA Ogalala 109 

5B Alluvium 107 

5C Sand Dunes 150 

5D Playa Lakes 110 

5E Braided River Deposits 185 

SF Swamp/Marsh 196 

5Ga River Alluvium with Overbank Deposits 129 

5Gb River Alluvium without Overbank Deposits 143 

5H Alternating Sandstone, Limestone and Shale Sequences 80 

6A Mountain Flanks 103 

6B Alluvial Mountain Valleys 152 

6C Mountain Flanks 105 

6Da Alternating Sandstone, Limestone and Shale-Thin Soil 139 

6Db Alternating Sandstone, Limestone and Shale-Deep Regolith 125 

6E Solution Limestone 195 

6Fa River Alluvium with Overbank Deposits 126 
6Fb River Alluvium without Overbank Deposits 187 
6G Braided River Deposits 190 
6H Triassic Basins 106 
6I Swamp/Marsh Oe 144 
6] Metamorphic/Igneous Domes and Fault Blocks 71 
6K Unconsolidated and Semiconsolidated Aquifiers 101 
7Aa Glacial Till Over Bedded Sedimentary Rock 103 
7Ab Glacial Till Over Outwash 137 
7Ac Glacial Till Over Solution Limestone 139 
7Ad Glacial Till Over Sandstone 109 
7Ae Glacial Till Over Shale 88 
7Ba Outwash 176 
7Bb Outwash Over Bedded Sedimentary Rock 158 
ee ee eee 
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TABLE 15.4 (Continued) Hydrogeologic Settings and Associated DRASTIC Indexes Sorted by 
Ground-Water Regions 

Settings Descriptions Rating 

7Bc - Outwash Over Solution Limestone 186 

70 Moraine 135 

7D Buried Valley 158 

7Ea River Alluvium with Overbank Deposits 134 

7Eb River Alluvium without Overbank Deposits 191 

7F Glacial Lake Deposits 135 

7G Thin Till Over Bedded Sedimentary Rock 121 

7H Beaches, Beach Ridges and Sand Dunes 202 

71 . Swamp/Marsh 150 

8A Mountain Slopes 75 

8B Alluvial Mountain Valleys 162 

8C Mountain Flanks 106 

8D Regolith 100 

8E River Alluvium 176 

8F Mountain Crests 70 

8G Swamp/Marsh 120 

9A Mountain Slopes 79 

9B Alluvial Mountain Valley 180 

9C Mountain Flanks 106 

9Da Glacial Till Over Crystalline Bedrock 113 

9Db Glacial Till Over Outwash 139 

9E Outwash 190 

OF Moraine 166 

9Ga River Alluvium with Overbank Deposits 146 

9Gb River Alluvium without Overbank Deposits 191 

9H Swamp/Marsh 120 

91 Bedrock Uplands 118 

OJ Glacial Lake/Glacial Marine Deposits 120 

9K Beaches, Beach Ridges and Sand Dunes 181 

10Aa Regional Aquifiers 82 

10Ab Unconsolidated and Semiconsolidated Shallow Surficial Aquifier 184 

10Ba River Alluvium with Overbank Deposits 142 

10Bb River Alluvium without Overbank Deposits 187 

10C Swamp 
202 

11A Solution Limestone and Shallow Surficial Aquifiers 218 

11B Coastal Deposits 191 

TiC Swamp 
224 

11D Beaches and Bars 190 

12A Mountain Slopes 
154 

12B Alluvial Mountain Valleys 184 

12C Volcanic Uplands 
165 

12D Coastal Beaches 
201 

13A Alluvium 
140 

13B Glacial and Glaciolacustrine Deposits of the Interior Valleys 141 

13C Coastal Lowland Deposits 
140 

13D Bedrock of the Uplands and Mountains 
92 
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Figure 15.10 Working DRASTIC Map. Source: Aller et al. (1987). 

The procedure for conducting a DRASTIC study culminating in a county 

DRASTIC map involves the following steps: 

1. Gather available data on DRASTIC factors from soil surveys, geologic 

maps and studies, and other sources. 

2. For each factor, prepare a map overlay displaying the values for the factor. 

3. Ifdata are not available for certain areas or factors, identify the hydroge- 

ologic settings for the areas and consult the provided factor data for these 

settings. Fill in gaps in factor overlays as necessary (see figure 15.10). 
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Figure 15.11 DRASTIC Map for Santa Clara Valley, California. Source: Santa Clara Valley Water District (2001). 

4. Overlay individual factor maps and delineate boundaries of combined 

factors. 

5. Combine overlays of all factors and delineate boundaries of all combi- 

nations of factors. 

6. Calculate total DRASTIC scores for each delineated area. 

7. Group areas into 20-point categories (i.e., 0-19, 20-39, 40-59, etc.), 

and color map by category. 

8. Provide legend for the map and provide interpretation in accompany- 

ing text. 

Figures 15.11 and 12 give examples of final DRASTIC maps. Visually they show 

by color areas of relative potential for groundwater contamination. Efforts con- 

tinue to improve the DRASTIC method (USGS, 1999; Fritch, McKnight, Yelder- 

man, and Arnold, 2000). When producing DRASTIC maps and interpreting their 

results, it is important to consider the major assumptions used in the development 

of the procedure: 

1. The contaminant is introduced at the ground level. 

2. The contaminant is flushed into the groundwater by precipitation. 

3. The contaminant has the mobility of water. 

4. The area evaluated using DRASTIC is 100 acres or larger. 

This final assumption is perhaps the most important. Because of the lack of preci- 

sion in the method, it cannot be used for small areas. No area on the DRASTIC map 
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Figure 15.12 Oklahoma DRASTIC Study of Major Aquifers in the State. Source: Osborn, Eckenstein, and Koon (1998). 

can be less than 100 acres. As discussed in the following section, DRASTIC maps can 

be used to target high potential areas for action or special standards. Still, the 100-acre 

limitation inhibits the use of the DRASTIC map as the sole basis for overlay zoning. 

Groundwater Source Protection 

The SDWA was passed in 1974 and amended in 1986 and 1996. It provided detailed 

community drinking water standards and water supply monitoring and reporting 

requirements. The recent amendments recognized the limitations of relying on 

water treatment to ensure safe drinking water supplies and stressed protection of 

water sources. Source waters of public drinking water are classified as groundwater, 

surface water, and groundwater under the influence of surface water. This latter 

category is groundwater subject to surface pollution like protozoa and turbidity. 

Under the SDWA, states are required to conduct source water assessment 

for each public water system (PWS). There are 161,000 public water systems 

(PWSs). These include 53,400 community water systems (CWSs) that serve 

270 million people in the United States, 18,700 nontransient, noncommunity 

water systems (NTNCWSs) such as schools and factories that serve the same peo- 

ple more than 6 months but not year-round, and 89,000 transient noncommunity 

water systems (TNCWSs) like restaurants on wells. All federal regulations apply to 

CWSs, most requirements apply to NTNCWSs, and only regulations for contami- 

nants that pose immediate health risks (like microbial contamination) apply to 

TNCWSs, unless they rely on surface sources. In that case they must have filtration 

and disinfection. Of the CWSs, 84 percent serve 3,300 or fewer people, and 7 per- 

cent serve more than 10,000 and 81 percent of the population (Tiemann, 2003). 
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The source water assessment includes: 

= delineation of the source water protection area (the watershed or ground- 

water recharge area that may contribute pollution); 

= contamination source inventory, which identifies potential sources of pol- 

lution; 

« susceptibility determination, which indicates potential for contami- 

nation; and 

= dissemination of source water assessment results to the public. 

Source water assessments aim to protect public health, prepare water systems for 

possible problems, and identify cost-effective ways for communities to achieve 

- safe water standards. For surface water sources, source water protection focuses 

on the watershed of the source; for groundwater sources, it focuses on wellhead 

protection (U.S. EPA, 2000). 

Sole Source Aquifers 

The SDWA also established the Sole Source Aquifer (SSA) Program to protect 

important groundwater sources. A sole source or principal source aquifer is one 

that supplies at least 50 percent of the drinking water consumed in the area over- 

lying the aquifer. The Edwards Aquifer in Texas, was the first SSA designated in 

the country. By 2000, there were 70 designated SSAs in the United States. 

Development projects having the potential to contaminate designated SSAs are 

subject to EPA review by a groundwater specialist. For example, these projects 

might include highways, wastewater or stormwater treatment facilities, agricul- 

tural projects, and others. This review can result in requirements for design 

improvements, groundwater monitoring, and other measures. 

As the major water supply for central Texas including the cities of San Antonio and 

Austin, the Edwards Aquifer has become one of the most managed groundwater sys- 

tems in the country. The coordinated effort is administered by the Texas Natural 

Resources Conservation Commission (see http://gis.tnrcc.state.tx.us/website/ 

iredwards1/viewer.htm and http://www.tnrcc.state.tx.us/admin/topdoc/rg/011.pdf), 

the regional Edwards Aquifer Authority (see http -//www.edwardsaquifer.org/), as well 

as the cities and counties relying on the water source. Austin’s drinking water protec- 

tion zone is an important part of its land use controls (see figure 7.6). 

Wellhead Protection Planning 

Section 1428 of the 1986 SDWA Amendments established the Wellhead Protec- 

tion Program (WHP). It aims to help communities protect vulnerable ground- 

water supplies by controlling land use development and practices around public 

drinking water wells. All but one of the states have EPA-approved WHPs. To estab- 

lish a WHP communities must delineate the source water protection area, identify 

sources of contamination, and develop regulatory and nonregulatory measures to 

manage contamination. 
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Figure 15.13 Zone of Influence (ZOI) and Zone of Contribution (ZOC). Source: Jon Witten 

and Scott Horsley. 1995. A Guide to Wellhead Protection. Planning Advisory Service Report 
457/458. Used with permission of the American Planning Association. 

Delineation of Wellhead Protection Areas 

The first step in wellhead protection is delineating the protection area. Although 

DRASTIC provides a countywide view of its hydrogeology, wellhead protection 

focuses on individual wells and the land area that must be controlled to protect 

the water supply. The wellhead protection area (WHPA) does not necessarily 

include the entire aquifer and its recharge area. As shown in figure 15.14, the 

WHPA tends to be a smaller part of the total aquifer. A technical challenge is 
determining the boundaries of that area. First some definitions are illustrated in 
figure 15.13: 
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Figure 15.14 Aquifer Recharge versus Wellhead Protection Areas. Source: Jon Witten and Scott 

Horsley. 1995. A Guide to Wellhead Protection. Planning Advisory Service Report 457/458. Used 

with permission of the American Planning Association. 

= Zone of Influence: the surface projection of the boundaries of the cone 

of depression around the well. 

» Zone of Contribution: the surface projection of the boundaries of the 

portion of the aquifer recharge area that contributes water to the well. 

This normally extends to a localized groundwater divide on the upflow 

side and to a portion of the cone of depression on the downflow side. 

Delineation of the WHPA can be done in different ways depending on available 

data and analysis. Figures 15.14 and 15.15 show two examples of WHPAs. The 

example in figure 15.14 uses three WHPA zones. The first uses a fixed radius 

around the well, the second zone is the primary recharge area, and the third is the 

secondary recharge. Figure 15.15 shows a private well protection zone based on a 

fixed radius of 100 feet around the well plus a 200-foot buffer up the groundwater 

flow gradient. 

Figures 15.16 and 15.17 show the integration of hydrogeologic studies and 

WHPA delineation by the Hamilton to New Baltimore (OH) Groundwater Consor- 

tium (HNBGC). The multijurisdictional consortium used aquifer, DRASTIC, and 

subsurface time of travel studies to identify critical recharge zones for their 

groundwater sources (HNBGC, 2003). 
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Figure 15.15 Private Well Protection Zone. Source: Jon Witten and Scott Horsley. 1995. A 
Guide to Wellhead Protection. Planning Advisory Service re 457/458. Used with permission 

of the American Planning Association. 
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Figure 15.16 The Hamilton to New Baltimore Groundwater Consortium Wellhead Protection 
Areas. Source: HNBGC (2003). 
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Inventory and Assess Threats and Potential Sources 

of Contamination 

Both DRASTIC and WHPA delineation are based on hydrogeology, but they do not 

consider what land uses and sources may contribute to contamination. An inven- 

tory of potential sources of contamination is necessary to identify existing and 

future problems. An inventory includes locations of waste landfills and lagoons, 

areas of septic system use, gas stations and other underground storage tanks, 

industrial facilities with hazardous materials, and agricultural areas with exten- 

sive pesticide and fertilizer use. These threats can be mapped and overlaid onto 

DRASTIC and/or WHPA maps (Crowley and Tulloch, 2002). 

Formulate and Implement Groundwater Protection Measures 

EPA’s programs for groundwater are not regulatory. There are no enforceable 

national groundwater standards. Federal groundwater programs generally coordi- 

nate, facilitate, educate, and assist with protection of groundwater. Management 

largely depends on state and local initiatives. Box 15.1 gives examples of regulatory 

and nonregulatory measures for protection of source groundwater available to 

local governments. Most of these land use control measures were discussed at 

length in chapters 5 and 7. i 

Regulatory measures include land use zoning to prevent potentially pollut- 

ing sources from locating in susceptibility or wellhead protection areas. Wellhead 

or groundwater protection overlay zoning is an effective approach that does 

not require major revision of existing ordinances. Illustrated for wellhead protec- 

tion in figure 7.4 in chapter 7, the overlay is placed on top of existing zoning. The 

overlay zone will conform to WHPA boundaries. Within the zone, special condi- 

tions or standards are required of proposed land uses. Figure 7.5 illustrates 

Austin’s (TX) drinking water protection zone for the Edwards Aquifer. Cluster zon- 

ing regulations can also be tailored to wellhead protection by allowing develop- 

ment densities on-site while setting aside sensitive areas, including WHPAs. 

Other regulatory measures include local permitting requirements for groundwa- 

ter sources, such as new wells and springs, and for potential contamination sources, 

such as septic systems, waste lagoons, and other sources. Depending on groundwa- 

ter protection needs, specific conditions, standards, or restrictions may apply. 

Nonregulatory measures inciude public education, household hazardous 

waste collection, continuous groundwater monitoring, and land acquisition of pro- 

tection areas, among others. A good example of land acquisition is the Edwards 

Aquifer in Texas (see figure 15.4). Government Canyon is the recharge zone for 
the Edwards Aquifer. A proposal to build 766 homes and an 18-hole golf course in 
the Canyon sparked formation of a public-private coalition in San Antonio that 
purchased the land for $2 million. The City of Austin voted to authorize $20 mil- 
lion in bonds to purchase critical watershed land for open space (U.S. EPA, 2001). 

Mapping of susceptibility, protection areas, and threats does not indicate if 
there is a groundwater problem. Groundwater monitoring is necessary to see if 
there is contamination and where it occurs. Comprehensive groundwater moni- 
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BOX 15.1—Regulatory and Nonregulatory Measures for Wellhead Protection Areas 

Regulatory Tools Nonregulatory Measures 

Land Use Controls: Zoning ordinances, subdi- Public education 

vision controls, cluster and planned unit Land purchase, conservation easements 

development Groundwater monitoring 

Prohibitions or conditional permitting of 
potentially contaminating uses: Gas stations, 

landfills, industries handling hazardous 

chemicals 

Health regulations: Septic system controls 

toring is not available in most areas, so existing well data often must be used to get 

a snapshot of groundwater conditions. 

The Virginia Cooperative Extension Service at Virginia Tech implemented an 

effective household well and spring monitoring program in several Virginia coun- 

ties with the dual objectives of providing assistance to households with wells and 

gathering onetime samples of groundwater quality. The program advertises a pub- 

lic well water quality workshop to which well and spring users are invited to bring 

water samples from their sources. At the workshop, presenters talk generally about 

good well and springbox maintenance and water handling. At a second workshop, 

results of lab testing of the samples and source-specific recommendations are pro- 

vided to the households. Testing includes bacteria, inorganic chemicals such as 

iron and sulfur, hardness, nitrates, and in some cases pesticides. The data are also 

used to provide a baseline of groundwater quality. Knowing the location of the sam- 

ples, the data can be mapped to show hot spots of well-water pollution. 

Given the information from susceptibility and protection area mapping, inven- 

tory of potential threats, and groundwater monitoring, a locality is prepared to 

develop a groundwater management program. If monitoring discovers severe 

problems, some groundwater remediation may be necessary. 

Summary 

Groundwater is an important source of drinking water. Although most of popu- 

lation in the United States uses surface water supplies, about 80 percent of public 

water systems and nearly all individual systems depend on groundwater sources. 

Most individual groundwater sources are used without treatment. 

Groundwater is closely related to the land since nearly all of it comes from infil- 

tration recharge from the land surface. Impervious cover on the land surface 

inhibits infiltration and recharge. Unconfined shallow aquifers are closely con- 

nected to surface waters. Groundwater contributes baseflows to gaining streams 

and is recharged by losing streams. In fractured or karst geology, there are direct 

conduits between surface waters and groundwaters. Because of its close connec- 
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tion to the land surface, groundwater is susceptible to contamination from surface 

sources, including underground storage tanks of petroleum and other chemical 

products, landfills and other waste areas, polluted stormwater, septic systems and 

wastewater lagoons, among others. . 

As a result, management of groundwater requires planning and management 

of the land. It is important to understand groundwater flow and recharge as well as 

susceptibility to contamination. In recharge areas, impervious surfaces should be 

minimized, and potential sources of contamination should be restricted. DRAS- 

TIC and other hydrogeological studies can help understand surface-groundwater 

relationships and guide land use decisions. 

Special care should be taken to manage land use in the vicinity of wellheads of 

public water supplies. Overlay zoning and other land regulations are appropriate 

to restrict land uses to protect public health. 
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Landscape Ecology, 

Urban Forestry, and Wetlands 

Urbanization and other intensive use of land and related water resources result in 

significant impacts on natural ecosystems, the habitats and wildlife they support, and 

the environmental functions they provide to human society. At the same time, people 

have increasingly recognized the values associated with natural features and the eco- 

logical integrity of the landscape. These values have been translated into increased 

property values and greater public acceptance of land use management and develop- 

ment decisions that reflect sensitivity to greenspace, ecosystems, and habitats. 

This chapter deals with planning considerations and methods involved in gather- 

ing, analyzing, and displaying ecological information for purposes of guiding land use 

and resource development and conservation. It employs the simple four-step planning 

process given in box 2.2: inventories (what do we have?); needs assessment (what are 

our problems, objectives, and priorities?); management strategies, plans, and pro- 

grams (what should we do?); and implementation and monitoring (let’s do it!). 

The discussion in this chapter focuses primarily on applying this process to veg- 

etation and urban forestry and wetlands, riparian, and coastal ecosystems. Chap- 

ter 17 expands this discussion to wildlife habitats and planning for biodiversity. 

Fundamentals of Landscape Ecology 

Although the methods and techniques discussed herein do not necessitate a 

detailed background in ecological science, it is important to understand a set of fun- 

damental principles, which serve as the basis for managing and protecting natural 

ecosystems. Ecology is the study of the interrelationships of living organisms with 

one another and with the physical environment. It can focus on an individual, a 

species population, an ecological community, or ecosystems of various scales from 

regional to local. Biodiversity is simply defined as the variety of life and all pro- 

cesses that keep life functioning (Keystone Center, 1991). It is studied at genetic, 

species, and ecosystem levels. Global efforts to manage biodiversity aim to arrest 

species extinction and preserve intact natural ecosystems. Box 16.1 provides an 

509 



BOX 16.1—Some Basic Ecological Concepts 

Energy and Material Flow in Ecosystems 

imple food chains or webs are often used to 

characterize the flow of energy and minerals 

in ecosystems (figure 16.1). Through photo- 

synthesis, plants are able to convert radiant solar 

energy into chemical energy. They store this 

energy in their biomass for their own use and for 

the use of all other forms of life. Plants are there- 

fore called producers or autotrophs (“self- 

feeding”) as distinguished from the consumers 

or heterotrophs (“other feeding”). The levels of 

the food chain are called trophic levels, where | 

is the primary or plant level, Il is the plant eater or 

herbivore level, Ill is the eater of the plant eater or 

first carnivore level, and so on. 

About 80-90 percent of energy consumed by 

the various life-forms is required for maintenance 

and respiration, energy that is ultimately lost as 

heat. As a result, the carnivorous occupants of 

higher trophic levels require tremendous quantities 

of plant biomass to support their food chain. Thus, 

they usually require very large habitats. This concept 

of food chain respiration and bio- 

mass requirements is also the basis 

of biomagnification of contami- 

nants. Animals must absorb large 

amounts of food compared to their 

body weight since so much of the 

energy must be expended for respi- 

ration. If that food source contains 

contaminants that do not pass | microorganisms 
a (eg. ie oad ca 
a through but tend to be stored in & 

fats and tissues, those contami- 

nants will concentrate quite readily. 

And as one moves up the food 

chain, one is exposed to food with 

higher concentrations. This is why 

Great Lakes fish contain high con- 

centrations of toxins and are sub- 

ject to human consumption advi- 

sories. — 
Whereas energy flows through 

invertebrate 
shredders 

them, changing from organic 

form in living matter to inorganic 

form in the nutrient pool and back 

- Vertebrate he Bz RR 
J». Predators 

ee 
ecosystems, minerals cycle around “a 

again. Decomposers (fungi, bacteria, and other 

microorganisms) play the crucial role of converting 

excrement and other dead organic material into 

the inorganic nutrients that plants can absorb and 

reconvert to organic plant material. The important 

elements of life—carbon, hydrogen, oxygen, nitro- 

gen, phosphorus, potassium, sulfur—all are 

involved in individual cycles called biogeochem- 

ical cycles; the name indicates the various forms 

the elements can take. 

Succession and Productivity 

Like their respective members, ecosystems develop 

from a young to a mature state through the pro- 

cess of ecological succession. For example, a 

shallow lake over time may convert to a swamp, 

then a meadow, and finally a forest. The mature 

state is called the climax community. The type 

of vegetation that characterizes it depends largely 

on the physical parameters of the area, principally 

its temperature, sunlight, moisture, and soil 

conditions. Thus, succession results from the 
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Figure 16.1 Aquatic Food Web. Source: FISRWG (1998). 

Continued > 



BOX 16.1—(continued) 

modification of the physical environment by the 

community, but the physical environment deter- 

mines the pattern, rate of change, and limits of 

succession (Odum, 1971). Figure 16.2 shows the 

climax vegetative communities, so-called biotic 
regions or biomes, associated with the various 

environmental conditions of North America. 

In the process of maturing, an ecosystem, like 

an individual organism, enjoys an early period of 

high growth. This physical growth slows, ulti- 

mately ceasing by maturity. Growth is measured 

by net community production or the conver- 

sion of sunlight to a net increase in total biomass. 

Figure 16.3 shows that gross primary produc- 

tion (or the total photosynthesized primary 

energy) and net primary production (or the 

gross production minus plant respiration) begin 

low, grow, then level out at a maximum when the 

climax community is achieved. On the other 

Figure 16.2 Major Biotic Regions of North America. Source: 

Commission for Environmental Cooperation (1997). 

hand, net community production rises initially to 

a peak, then falls off to zero at climax. The large 

net primary production is absorbed by het- 

erotrophic respiration, particularly that of the 

decomposers. The following table below shows 
that net primary productivity varies considerably 

for different ecosystems, topped by salt marshes, 

freshwater wetlands, and tropical rain forests. 

Net Productivity of Selected Ecosystems* 

Salt marsh 2300 Cultivatedland 750 

Freshwater Grassland 700 

wetland 2000 

Tropical Boreal forest 500 
rainforest 2000 

Warm temperate Desert 150 
mixed forest 1000 

Cold deciduous 

forest 1000 

*grams/m?/year 

BB Arctic Cordillera 

Tundra 

Taiga 

Hudson Plains 

|=] Northern Forests 

& Northwestern Forested Mountains 

Marine West Coast Forests 

ei Eastern Temperate Forests 

i] Great Plains 

fo North American Deserts 

oo Mediterranean California 

Southern Semi-Arid Highlands 

Temperate Sierras 

14] Tropical Dry Forests 

Tropical Humid Forests, 

Continued > 
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Figure 16.3 Ecological Succession and Productivity. In the early stages of succession, the ecosystem acts like a 
nutrient sponge, assimilating available nutrients into biomass. The magnitude of the sponge decreases as the climax 
community is approached. At climax, the same mass of nutrients leaves the ecosystem, primarily by decomposition, 

as enters it. Net community production drops to zero. 

Diversity, Habitat and Ecological Niches 

As an ecosystem develops toward maturity it 

tends to acquire greater diversity or a greater 

variety of organisms. Diversity can be measured in 

a number of ways, the simplest being species 

richness or the number of species per 1,000 indi- 

viduals in an ecosystem. Other measures aim to 

incorporate species “evenness” or the apportion- 

ment of individuals to species. In most cases, 
diversity is directly correlated with the stability of 

an ecosystem, or its ability to maintain in the pres- 

ence of some upsetting circumstance like drought 

or disease. High rates of species extinction have 

made protection of biodiversity an important 

objective in land and ecosystem management. It 

is the basis for the Endangered Species Act and 

other programs aiming to protect diversity at var- 

ious scales: from the regional landscape to eco- 

logical communities to species populations and 

habitats to genetic diversity (Wilson, 1988, 2002). 

An ecosystem provides a habitat or habitat 

niche for its member species, thus supplying them 

with their life needs of food, water, cover, and 

space. An ecosystem may provide only a limited 

~ number of habitat niches. Modifying an ecosystem 

may alter its ability to supply the needs of its mem- 

bers. Conversely, individual species themselves 

contribute to the complete fabric of the ecosys- 

tem. Each plays a functional role or occupies a spe- 

cial ecological niche in the ecosystem. Odum 

(1971) draws the analogy that a species’ habitat—. 

niche is its “address,” while its ecological niche is 

its “profession,” ecologically speaking. If that 

species is removed from the ecosystem, either 

another species must then occupy its niche or the 

ecosystem will change. 

Organism Growth: Liebig’s Law 

Populations of organisms can grow if conditions 

are right. Species have specific requirements for 

food nutrients, sunlight, water, and other factors. 

Any one of these factors can constrain or limit the 

growth of an organism or population. This is the 

basis of Liebig’s Law of the Minimum. It states 

that under steady-state conditions, an organism’s 

or population’s growth is limited by the essential 

nutrient or factor present in the least amount rela- 

tive to the species’ needs. If that nutrient or factor 

is increased, the population will grow; if it is 

decreased, the population will decline. 

Continued > 
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The Concept of Carrying Capacity 

Although Liebig’s Law deals with the influence of 

specific factors on the population growth of indi- 

vidual species in an area, the concept of carrying 

capacity deals with the ability of the area to sup- 

port them. The carrying capacity of an area is 

the number or biomass of organisms that can be 

sustained without adversely affecting that area. 

The term comes from the study of population 

dynamics and involves the concepts of biotic 
potential (or maximum reproduction rate) and 

environmental resistance (or the sum of envi- 

ronmental limiting factors that prevent the biotic 

potential from being realized) (Odum, 1971). 
The most common growth pattern on popula- 

tions in nature follows a sigmoid or S-shaped 

curve. In this case the environmental resistance to 

growth does not occur suddenly but increases 

gradually in response to greater population den- 

BOX 16.1—(continued) 

sity. It can take the form of increased competition 

for food and space (and light for vegetation), 

increased transmission of disease, and increased 

predation. The rate of population growth starts 

slowly in the establishment phase, rises exponen- 

tially, then slows as it encounters increasing envi- 

ronmental resistance, and finally levels off at a sus- 

tainable population, which defines the area’s 

carrying capacity. In reality, populations may oscil- 

late around the carrying capacity, rising above it in 

favorable times only to fall below when conditions 

are unfavorable. In some cases, exceeding the car- 

rying capacity may result in its reduction. For 

example, overgrazing can result in excessive ero- 

sion that may reduce grassland productivity and 

ultimately the grasslands carrying capacity. A fur- 

ther discussion of the application of the carrying 

capacity concept to managing human settlements 

is given in chapter 18. 

a 
i 3 > 

overview of several concepts, including energy and mineral flow in ecosystems, 

ecological succession, biodiversity, limiting factors, and carrying capacity. 

Ecology addresses a wide range of spatial scales, from a small local area like a 

stream section or reach to a catchment to a larger watershed to a still larger land- 

scape scale to a regional scale. This “nesting” of scales is an important approach to 

bound a study area but recognize the area’s relationship to smaller and larger 

ecosystems (see figure 10.1). A landscape is defined as an area having a repeated 

pattern of components including both natural and human-altered areas (FIS- 

RWG, 1998). Landscapes can range in size from a few to several thousand square 

miles. Landscape ecologists organize spatial structure with four basic compo- 

nents: matrix, patch, corridor, and mosaic (figure 16.4). These structural ele- 

ments can be applied at multiple scales. 

» Matrix is the land cover that is dominant and interconnected over 

majority of land surface (e.g., forest, agriculture, urban). 

» Patch is a nonlinear polygon area less abundant than and different from 

matrix. 

» Corridor is a linear or elongated patch that links other patches in the 

matrix. 

s Mosaic is a collection of patches, none of which are dominant enough to 

be interconnected throughout landscape. 

At the landscape scale, patches and corridors can be described as discrete ecosys- 

tems. Corridors play an important role as primary pathways. for movement of 
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Corridor 

Figure 16.4 Spatial Structure in Landscape Ecology. Source: FISRWG (1998). 

energy, materials, and organisms. They connect patches and are conduits between 

ecosystems and external environments. 

Vegetation 

Have you thanked a green plant today? Ecologically, plants are the producers of use- 

ful energy and materials for all of life. Environmentally, vegetation provides a variety 

of functions in erosion control, runoff control, slope and dune stabilization, atmo- 

spheric purification, and cover for wildlife. And in human settlements vegetation 

contributes to the quality of life in its value for forest products, recreation, aesthetics, 

windbreaks, and sun shading and temperature control. This section highlights the 

benefits of vegetation and methods of inventorying and assessing urban vegetation. 

Box 16.2 lists the urban benefits of vegetation. Many of the environmental con- 

trol benefits, such as erosion, runoff, and NPS pollution control and slope stability 

were discussed in earlier chapters. In addition, vegetation can help control noise 

and microclimatic conditions. The U.S. EPA has suggested the use of vegetation to 

counter the “urban heat island” effect by increasing cities’ albedo (reflected solar 

radiation) and evapotranspiration cooling. The ecological benefits in wetland and 

coastal environments are discussed later in this chapter. 

Classifying, Inventorying, and Mapping Vegetation 

Vegetation information is usually displayed on maps showing vegetative types, 

existing woodlands and tree types, open lands, active farmland, wetlands, and 

other areas. An example is given in figure 16.5, a map of vegetative types in San 
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BOX 16.2 Benefits of Vegetation in Urban Areas 

Environmental Control # Wind control 

= Erosion control 

= Slope stability 

= Runoff control 

a Shading 

Architectural and Aesthetic Benefits 
ae 

= NPS pollution control p . Siraeven “ ae 
= Dune ablation = Natural aesthetics 

» Noise attenuation Ecological Benefits 

= Glare and reflection reduction = Wildlife habitat 

Microclimate Control 

= Temperature rediction (counters urban “heat 

island” effect) 

Mateo County, California. These vegetation inventory maps can provide a base 

map for urban forestry programs and special studies of visual quality or special 

ecological zones such as wetlands, riparian lands along streams and lakes, dune 

systems along coasts, and habitats of specially classified or desirable wildlife 

species. They can provide guidance for land use policies and programs to protect 

vegetative and ecological features. 

Vegetation inventory maps can be produced using available map and aerial pho- 

tograph information. As discussed in chapter 11, the USGS 7.5-minute quadran- 

gle series distinguishes forested from nonforested areas. More useful are land use 

and land cover maps, available for much of the United States at scales of 

1:100,000 and 1:250,000. Illustrated in figure 11.7, the land cover information 

distinguishes types of forests, agricultural lands, rangeland, wetlands, and barren 

land, as well as developed land. (See “USGS Level 1 and 2 Land Use and Land 

Cover Classification System” in chapter 11.) 

Aerial photographs are a useful source of vegetation information. Vegetative 

cover types can be distinguished from photographs by investigating differences in 

tone, texture, and pattern, as shown in the following list. The later section on urban 

forestry describes other methods for inventorying and assessing urban vegetation. 

Interpreting Aerial Photos for Vegetation Inventories 

1. Woodlands and forests are easily distinguished from nonforested lands: 

» Deciduous stands show branched texture in winter photos; show red in 

summer infrared color; and appear lighter than coniferous stands in 

infrared black and white. 

= Coniferous stands show fuller and darker than deciduous stands in win- 

ter photos and infrared black-and-white summer photos; appear dark 

purple in infrared color photos. 

9. Orchards show a repetitive pattern. 

3. Nonforested lands can be further interpreted: 
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Figure 16.5 Map of Vegetative Types, San Mateo County (CA) General Plan. Source: San Mateo County (1984). 

» Cropland can be distinguished by the presence of plowed furrows or the 

straight line pattern of the previous season’s crop rows. 

» Pasture land has a uniform texture on the photographs. 

» Nonpasture open land will generally appear less uniform as the processes 

of succession may have begun with shrubs, bushes, and small trees con- 

tributing to the mixed texture. 

When conducting vegetation studies, it is useful to categorize the existing veg- 

etation. There are a variety of classification schemes; one useful for land cover 

inventories is described in figure 16.6 from Marsh (1978). It has four levels includ- 

ing vegetation structure, plant types, size and density, and site. Vegetation struc- 

ture is indicated by the life-form of the vegetation, such as forest, brush, or wet- 
land. The dominant individual plant types are indicated in the second level by 
common name (e.g., oak, cattail, etc.). The third level, size and density, involves 
the range of stem diameters and the number of stems per acre, or simply percent 
cover for grasses and shrubs. And the fourth level gives the site features or habi- 
tat type, such as greenbelt, farmland, tidal marsh, and so on. 



Level! 

(vegetative 

structure) 

Forest (trees with 

average height 

greater than 15 ft 

with at least 60% 
canopy cover) 

Woodland (trees 

with average 

height greater 

than 15 ft with 

20-60% canopy 

cover) 

Orchard or 

plantation (same 

as woodland or 

forest but with 

regular spacing) 

Brush (trees and 

shrubs generally 

less than 15 ft 

high with high 

density of stems, 

but variable 

canopy cover) 

Fencerows (trees 

and shrubs of 

mixed forms along ~ 

borders such as 

road, fields, yards, 
playgrounds ) 

Wetland (generally 
low, dense plant 

covers in wet 

areas) 

Grassland (herbs, 

with grasses 

dominant) 

Field (tilled or 

recently tilled 

farmland) 

Figure 16.6 Four-Leve 

Site Planning, 1978, McGraw- 

Level II 

(dominant plant 

types) 

E.g., oak, hickory, 

willow, 

cottonwood, elm, 

basswood, maple, 

beach, ash 

E.g., pine, spruce, 

balsam fir, 

hemlock, douglas 

fir, cedar 

E.g., apple. peach, 

cherry, spruce, 

pine 

E.g., sumac, willow, 

lilac, hawthorn, tag 

alder, pin cherry, 

scrub oak. juniper 

Any trees or shrubs 

E.g., cattail, tag 

alder, cedar, 

cranberry, reeds 

E.g., big blue stem 

bunch grass, dune 

grass 

E.g., corn, soybeans, 

wheat; also weeds 

| Vegetation Classification System. Source: William Ma 

Level III 

(size and density) 

Tree size (diameter 

at breast height) 

Density (number of 

average stems per 

acre ) 

Size range 

(difference 

between largest 

and smallest 

stems) 

Tree size; density 

Density 

Tree size; density 

Percent cover 

Percent cover 

Field size 

Level IV 

(site and habitat 

or associated use) 

E.g., upland (i.e., 

well-drained 

terrain ), floodplain, 

slope face, - 

woodlot, 

greenbelt, 

parkland, 

residential land 

E.g., upland (i.e., 

well-drained 

terrain), floodplain, 

slope face, 

woodlot, 

greenbelt, 

parkland, 

residential land 

E.g,, active farmland, 

abandoned 

farmland 

E.g., vacant 

farmland, landfill, 

disturbed terrain 

(¢.g., former 

construction site) 

E.g., active farmland, 

road right-of-way, 

yards, playgrounds 

E.g., floodplain, bog, 

tidal marsh, 

reservoir 

backwater, river 

delta 

E.g., prairie, tundra, 

pasture, vacant 

farmland 

E.g., sloping or flat, 

ditched and 

drained, muckland, 

irrigated 

Level V 

(special plant 

species) 

Rare and 

endangered 

species; often 

ground plants 

associated with 

certain forest 

types 

Rare and 

endangered 

species; often 

ground plants 

associated with 

certain forest 

types 

Species with 

potential in 

landscaping for 

proposed 

development 

Species of 

significance to 

landscaping for 

proposed 

development 

Species of value as 

animal habitat and 

utility in screening 

Species and plant 

communities of 

special importance 

ecologically and 

hydrologically; 

rare and 

endangered 

species 

Species and 

communities of 

special ecological 

significance; rare 
and endangered 

species. 

Special and unique 

crops; exceptional 

levels of 
productivity in 

standard crops 

rsh, Environmental Analysis: For Land Use and 

Hill. Reprinted with permission of McGraw-Hill Companies. 
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REA Rapid Ecological Assessment Landsat TM image,1988 
PARQUE NACIONAL DEL ESTE Bands 4,5,3 

Figure 16.7 Example Maps from Rapid Ecological Assessment in the Dominican Republic. 

Source: Sayre et al. (2000). 

Rapid Ecological Assessment 

Rapid ecological assessment (REA) is a flexible, accelerated, and targeted biodi- 

versity survey of vegetation types and species in a terrestrial area. It uses remotely 

sensed data and images, reconnaissance overflights, field monitoring, and spatial 

information visualization for conservation planning. Most applications by TNC 

and partner organizations in the last decade have been in critical ecosystems in 

mostly Latin American developing countries where limited ecological data exists 

for conservation planning. REA emphasizes speed (less than a year from start to 

finish), upfront planning, landscape-level (coarse filter by remote sensing) and 

species-level (fine filter by field monitoring) assessments, GIS mapping tech- 

niques, scientific documentation, and capacity building and partnerships (Sayre 

et al., 2000). 

REA has three objectives: 
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Initial Landscape Characterization 
Letters designate unique 
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Figure 16.7 (continued) 

1. Characterize vegetation types from remote sensing imagery interpreta- 

tion and assess biodiversity of these habitats by field stu
dy. 

2. Assign biodiversity significance priorities to habitat units for informed 

conservation management. 

3 Recommend candidate areas for permanent conservation. 

To achieve these objectives, REA includes the following steps: 

1. Acquisition and interpretation of satellite and aerial photograph images 

of the study area, including current color-infrared, Landsat TM, high- 

resolution satellite data, and targeted reconnaissance overflights, as 

available. 

2. Planning and training workshops for involved personnel. 

3. Field monitoring of samples of vegetative types from image interpre- 

tation for verification of vegetation type and collection of species data. 

Paper or electronic (e.g., handheld computers, GPS, and Cyber- 

_— 
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Isla Catalinita 
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Figure 16.7 (continued) 

tracker software [see chapter 13]) logging forms are used for field 

monitoring. 

4. Synthesis and visualization of information in map form using GIS. 

5. Assignment of biodiversity significance levels (i.e., highest, high, mod- 

erate, minor) based on biodiversity, condition and extent of habitat, 

connectivity potential, landscape’congruity, and threats. 

6. Recommendations for management strategies and candidate sites for 

permanent conservation. 

Figure 16.7 illustrates four products of 1994 REA for the Parque Nacional 

del Este (National Park of the East) in the Dominican Republic (TNC, 1997). 

Figure 16.7a gives a color-infrared satellite image of the park. The color- 

infrared bands (Landsat TM bands 4, 5, and 3) are useful for terrestrial vegeta- 

tion mapping. Figure 16.7b shows the initial landscape characterization from 

image interpretation. Spectrally unique areas are identified as polygons and 
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Figure 16.7 (continued) 

labeled, even if the specific vegetation class is unknown. More detailed aerial 

photographs or reconnaissance overflights may be necessary to identify specific 

classes. Figure 16.7c stratifies the site into sampling regions delineated for eco- 

logical or logistic reasons. Field monitoring sampling locations are chosen to 

represent unique communities of the initial landscape characterization. Figure 

16.7d gives proposed zonation for conservation-oriented management of the 

park (Sayre et al., 2000). 

Vegetative Buffers 

Vegetative buffers use permanent vegetation strategically located to enhance eco- 

logical functions and landscape conditions, including: 

« stable and productive soils; 

= cleaner water; 
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Figure 16.8 Riparian Forest Buffers. Source: USDA, NRCS (1998). 

» enhanced aquatic and terrestrial wildlife habitat and populations; 

= protected crops, livestock, and structures; 

» enhanced aesthetics and recreation opportunities; and 

= sustainable landscapes. 

After a 1993 National Research Council report recommended the increased 

use of buffers, the Natural Resources Conservation Service (NRCS) established 

the National Conservation Buffer Initiative (NCBI) in 1996. The Initiative now 

involves more than 100 conservation agencies, agribusinesses, and agricultural 

and environmental organizations, all partnering to promote use of conservation 

buffers (USDA, 1999). : 
NRCS identifies several different vegetative buffers, six of which are described 

in box 16.3: riparian buffers, filter strips, contoured grass strips, grassed water- 

ways, windbreaks, and field cross-wind traps. Other buffers include living snow 

fences (similar to windbreaks) and alley cropping. 

Riparian buffers are perhaps the most important. These areas of trees and 

shrubs next to streams, lakes, and wetlands protect water bodies by intercepting 

surface runoff and the sediment and pollutants it carries. In addition, buffers pro- 

vide food and cover for wildlife, shade to lower shoreline water temperatures, slow 

flood flows, stabilize stream banks and shorelines, and provide litter and woody 

debris for aquatic organisms. The wildlife corridor benefits of buffers are discussed 

further in chapter 17. 

Forest buffers provide the widest range of benefits (figure 16.8). As figure 16.9 

shows, riparian vegetative buffers include three zones. Zone 1 is closest to the stream 

or water body and includes water-loving vegetation like willows or cottonwoods. This 



BOX 16.3—Six Variations of Vegetative Buffers 

Riparian Buffers 

A riparian buffer is an area of trees and shrubs 

located adjacent to streams, lakes, ponds, and wet- 

lands. It intercepts contaminants from surface runoff 

and shallow subsurface water flow. The buffer also 

can be designed to enhance wildlife habitat, impact 

water temperature, and aid in stream bank stability. 

Filter Strips 

A filter strip is an area of grass or other permanent 

vegetation used to reduce sediment, organics, 

nutrients, pesticides, and other contaminants 

from runoff and to maintain or improve water 

quality. It slows the velocity of water, filters sus- 

pended soil particles, and increases infiltration of 

runoff and soluble pollutants and adsorption of 

pollutants on soil and plant surfaces. Filter strips 

also can be designed to enhance wildlife habitat. 

Cross-Wind Trap Strips 

Cross-wind trap strips are areas of herbaceous 

vegetation that are resistant to wind erosion and 

grown as nearly as possible perpendicular to the 

prevailing wind direction. These strips catch wind- 

borne sediment and other pollutants, such as 

nutrients and pesticides, from the eroded material 

before it reaches water bodies or other sensitive 

areas. They are filter strips for windborne material. 

Yj Y, Ly yy, Y 

Herbaceous |+Zone 2 
or grass filter Zone 1 
strip 

Managed forest 
of fast-growing 
introduced or 

Stream 

Native species if available; 

Grassed Waterways 

A grassed waterway/vegetated filter system is a 

natural or constructed vegetated channel that is 

shaped and graded to carry surface water at a 

nonerosive velocity to a stable outlet that spreads 

the flow of water before it enters a vegetated filter. 

Windbreak/ Shelterbelt 

A windbreak or shelterbelt is a single or multiple 

row of trees or shrubs that protects the soil from 

wind erosion, protects sensitive plants, manages 

snow, improves irrigation efficiency, protects live- 

stock and structures, and creates or enhances 

wildlife habitat. 

Contour Buffer Strips (Contour Grass 

Strips) 

Contour Buffer strips are of perennial vegetation 

alternated with wider cultivated strips that are 

farmed on the contour. Contour buffer strips slow 

runoff and trap sediment. They help reduce sedi- 

ment, nutrients, pesticides, and other contaminants 

in runoff as they pass through the buffer strip. Veg- 

etative strips can also be designed to provide food 

and cover for wildlife. 

Source: USDA (1999). 

wit doin ood NE! 4! GE i) NN ») 

Pasture 

Zone 2—} 

Managed forest 
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native species || little or no tree harvesting; water- 
loving or water-tolerant species 

Figure 16.9 Three Zones of Riparian Forest Buffers. Source: USDA, NRCS (1998). 
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critical zone provides habitat, litter, shading, and shoreline stabilization. Zone 2 is 

adjacent to and upslope from zone 1. Vegetation in zone 2 intercepts and filters runoff 

sediment and pollution. Zone 2 can be managed to provide timber, wood fiber, and 

horticultural products. Zone 3 is established if periodic and excessive water flows, 

erosion, and sediment from upslope fields or tracts are anticipated. Zone 3 is gener- 

ally composed of herbaceous plants or grass and a diversion or terrace, if needed, and 

it is a “first defense” to ensure proper functioning of zones 1 and 2 (USDA, 1998). 

NRCS recommends minimum forest buffer widths to maximize benefits. Buffer 

zone 1 and 2 width should be 30 percent of the active floodplain width. Minimum 

buffer width for floodplains greater than 333 feet is 100 feet; for those less than 333 

feet, 45 feet; for those on one side only, 60 feet; and for no floodplain, 35 feet. 

Forest Health 

Managing the health of forest ecosystems has become an important objective of 

the U.S. Forest Service, not only for national forests but also for private and urban 

forests. The Forest Service identifies several health concerns (USDA, 2003): 

« Wildfire threat: Fuel buildup and overcrowding from fire suppression 

and other management practices has increased the threat of catastrophic 

fire on 39 million acres of the national forests. Ex-urban residential 

development at the wildland/urban interface has increased the threat 

to human safety and property. 

Invasion of exotic pests: Gypsy moth, Asian long-horned beetles, hem- 

lock wooly adelgid, and other introduced pests have caused extensive 

damage to forests, woodlands, and urban trees. 

» Air pollution: Acid rain and ozone pollution can transport long dis- 

tances and impact forest ecosystems, especially in the eastern United 

States. Ozone and nitrogen oxide impacts are also prevalent in the south- 

western United States. 

« Degraded riparian areas: High-quality forest riparian areas are criti- 

cal for runoff and sediment control and wildlife habitat. This has been a 

serious problem in the southwestern United States where 65 percent of 

animals depend on riparian habitats during all or part of their life cycles. 

Large areas of U.S. forestland are at risk from disease or insect mortality. 

Almost 10 percent of the nation’s 737 million acres of forests are at risk. About 
47 percent of the at-risk acres are on National Forests, 53 percent are on other 
lands. Four groups account for about 70 percent of the acres at risk: gypsy moth in 
the east, root diseases in the interior west, southern pine beetle in the south, and 
bark beetles in the west. 

Urban Forestry 

The urban forest includes all woody vegetation within the environs of human pop- 
ulated places. Forested land in urban and metropolitan areas constitutes a sur- 
prising 25 percent of the U.S. forest canopy (McPherson, 2003). Although such 
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forests do not provide significant timber production, they enhance the quality of 

human settlements through climate control, air quality enhancement, watershed 

protection and runoff control, noise reduction, habitat for urban wildlife, recre- 

ation opportunities, and aesthetics—“they clean the air we breathe and the water 

we drink, protect us from the summer heat and winter winds, and nourish our 

emotional and spiritual lives” (Laundauer, 2001). Thus, management of the 

urban forest is an important local environmental issue. 

Benefits of the Urban Forest 

Increase property values 

Decrease energy costs 

« Improve air quality 

= Reduce storm water runoff 

» Decrease soil erosion 

« Improve water quality 

= Create wildlife habitat 

= Increase community pride 

» Increase recreational opportunities 

= Improve health and well-being 

= Reduce noise levels 

« Create buffer zones 

However, few cities adequately manage their trees and forests. The U.S. Forest 

Service recently reported that 13 southeastern states are expected to lose 30 mil- 

lion acres of prime forestland to urban development over the next four decades. 

The advocacy group American Forests (AF) has demonstrated significant reduc- 

tions in urban and metropolitan tree canopy, what they call “the national urban 

tree deficit” (AF 2001a). Figure 16.10 shows the reduction of tree cover (shown in 

lighter shade) in the Atlanta metro region from 1974 to 1996. 

In metro Atlanta, heavy tree cover (where canopy covers more than half of the 

land surface) declined from about half of the metro area in 1974 to about one- 

quarter in 1996. Areas with less than 20 percent cover increased from 44 to 

71 percent. Average tree cover dropped from 45 to 29 percent (AF 2001b). 

About 30 percent of urban trees are publicly owned, principally located in 

parks, street and other rights-of-way, and grounds of public buildings (Grey and 

Deneke, 1992). Management of urban forests involves three areas: management 

of municipally owned trees; regulation of tree removal and planting during con- 

struction and development on private property; and campaigns for community- 

wide tree planting. 

There are significant benefits of forest and tree protection, retention, and p
lant- 

ing, but a healthy urban forest requires a monetary investment. Costs involved in 

urban forestry including planting, maintenance and removal, infrastructure 

repair, litigation and liability, storm cleanup, and administration. McPherson, 

Nowak, and Rowntree’s (1994) research in Chicago showed that a tree needs to 

live 9-18 years before the benefits outweigh the costs to the community. To 

achieve this longevity, efforts should be taken to “protect the investment” by 

ensuring proper sites and trees, proper planting techniques, long-term mainte- 

nance, and monitoring and protecting tree health. 

ii 
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Urban and Regional Forest Canopy Analysis 

American Forest recently developed a GIS application software called CITYgreen 

for urban forestry planning and education. CITYgeen version 5.0 is designed to 

work with ESRI’s ArcView 3.2. It uses aerial photos, field surveys, and other data 

to create an inventory and benefit analysis of vegetation at the neighborhood scale. 

Remote sensing images are interpreted for tree canopy, structures, and impervi- 

ous surfaces. Field data includes tree species, health, height,-truck diameter, soil, 

and slope (AK 2002a). 

ClTYgreen uses this data to compute economic benefits of tree cover resulting 

from stormwater runoff reduction, air pollution mitigation, and energy savings. 

Stormwater runoff benefits are based on TR 55 (USDA, 1986; see chapter 13). Air 

quality benefits are derived from the urban forest effects (UFORE) model, which 

calculates the carbon sequestered and the amount of ozone, carbon monoxide, 

sulfur dioxide, and nitrogen dioxide deposited or absorbed by the tree canopy. 

Energy benefits are based on the-home heating and cooling energy reductions 

from shading and wind attenuation. 

Since 1995 AF has applied CITYgreen to ecosystem analyses in several cities 

and metropolitan areas, including Atlanta, Chattanooga, Houston, Roanoke (VA), 

Washington (DC), Puget Sound, Willamette Valley (Portland, OR), Colorado Front 

Range, and Chesapeake Bay region, among others. These assessments have fol- 

lowed a similar methodology. It involves the following steps: 

1. Larger metropolitan or regional scale analysis uses Landsat MSS and 

TM images (and more recently high-resolution satellite data) to quan- 

tify tree canopy change from the 1970s to the 1990s (see figures 16.10 

and 16.11). 

2. Local area or neighborhood scale analysis uses ground surveys and aer- 

ial photos of sample sites representing different land uses to assess 

trees, grass, and impervious surfaces. Most recent studies have shown 

that high-resolution satellite images can provide similar data detail for 

an entire area without sampling (AF, 2001b). 

3. Using ClTYgreen software, ecosystem benefits (stormwater, air eyliality, 

and energy) are calculated for sample sites, then extrapolated to the 

entire region based on total area for each land use and tree canopy cat- 

egory (see table 16.1). 

Table 16.1 shows the results from the Willamette/Lower Columbia area, which 
extends from Vancouver, Washington, to Eugene, Oregon, and the Chattanooga 
(TN) studies. As figure 16.11 shows, the trends for the Willamette area are differ- 
ent from the other areas. Whereas the others show a decrease of heavy canopy 
(>50% tree cover) from the:1970s to the 1990s, the Willamette area shows a 
decline to 1986, then an increase to 2000. American Forest believes this trend 
reversal was the result of Oregon’s use of urban growth boundaries to contain 
sprawling development that impacts forest canopy. 



Figure 16.10 Reduction of Tree Cover in Metro Atlanta from 1974 to 1996. Source: American 

Forests, Urban Ecosystem Analysis, Atlanta Metro Area, 2001 b. Reprinted with permission of 

American Forests. 
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Tree Canopy Change Vegetation Change 
Chattanooga Area, 1974-1896 Willamette/Lower Columbia Area, 1972-2000 
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Figure 16.11 Trend Lines for Tree Canopy Area in Four American Forests Study Areas. Source: American Forests (1999, 

2001b, 2001c, 2002b). Reprinted with permission of American Forests. 

TABLE 16.1 Results from American Forests Ecosystem Analyses for 
Willamette Valley and Chattanooga 

Willamette/Lower Columbia Chattanooga 

' 1972 2000 =Loss/Gain 1974 1996 Loss/Gain 

Area >50% tree cover 47% 21% — 56% 50% 21% —50% 

Area <20% tree cover 50% 75% + 51% 51% 79% + 46% 

Stormwater value* $22.6B $20.6B -$2.4B $1.04B $0.76B —$0.28B 

Air quality value** $741M $419M -—$322M $19M $13M -—$6M 

Stored Carbon** 131Mt 73Mt * —58Mt 3.6Mt 2.4Mt —1.2Mt 

* one-time benefit; ** annual benefit 

Developing a Community Forest Management Strategy 

Figure 16.12 describes a simple planning process for urban forestry following the 
basic approach outlined in box 2.2 and the planning process in box 2.1. The inven- 
tory stage assesses not only the resource but also public and stakeholder concerns 
and attitudes. Agents of change include factors instrumental in affecting future 
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What do we have? 

Inventories: 
Identify planning area 
Assess forest resources 
Assess stakeholders, 

public attitudes 
Identify agents of change Public 

What do we want? 
Management Goals: 

Analyze inventories 
Prioritize needs 
Articulate overall goals 
Specify long-, intermediate-, 

and short-term goals 

Stakeholder 

Involvement 

How do we get what we want? 
Management Plans: 

Identify alternative measures 
Assess alternatives 

(e.g., impacts, budget) 
Formulate and adopt plan 
Implement plan, monitor, and 

evaluate program 

Figure 16.12 Urban Forestry Planning Process 

conditions, such as tree diseases and damage, agency personnel, and available 

budget. Management goals, objectives, and priorities follow inventories and set the 

stage for specific action. Management plans follow the normal planning process in 

identifying alternatives and their impacts and formulating, adopting and imple- 

menting the plan and its measures and programs. 

What do we have? A first step is to assess the forest and tree resources. This may 

involve an inventory of tree numbers classified by species, condition, age, and loca- 

tion; canopy cover by location; and problem areas (see later subsection “Invento- 

rying and Evaluating the Urban Forest”). In addition, a review may be made of the 

current management framework and practices, including ordinances, guidelines, 

and municipal tree maintenance. Identifying public stakeholders can help 

develop support and build a constituency for urban forestry. 

What do we want? Identifying needs and goals is based on the assessment 

of resources and existing management and on stakeholder involvement. The 

resource itself has biological needs, such as increasing species and age diversity 

or increasing the rate of tree planting. Management needs may include ade- 

quate tree protection and landscaping ordinances or financial and personnel 

resources. Community needs stem directly from stakeholder and public 

involvement and represent public perceptions and needs for education, techni- 

cal assistance, and forest conservation. 
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Needs assessment helps identify goals or the specific ends that a management 

strategy aims to achieve. Goals should be quantifiable in some way, so that progress 

toward the goals can be monitored. The International Society of Arboriculture’s 

(ISA, 2001) Guidelines for Developing and Evaluating Tree Ordinances suggests 

nine possible urban forestry and tree program goals, as listed in the following: 

Typical Urban Forestry Program Goals 

1. Establish and maintain maximum tree cover. 

2. Maintain trees in a healthy condition through good cultural practices. 

3. Establish and maintain an optimal level of age and species diversity. 

4. Promote conservation of tree resources. 

5. Select, situate, and maintain street trees appropriately to maximize 

benefits and minimize hazard, nuisance, hardscapé damage, and 

maintenance costs. 

6. Centralize tree management under a person with the necessary expertise. 

7. Promote efficient and cost-effective management of the urban forest. 

8. Foster community support for the local urban forestry program and 

encourage good tree management on privately owned properties. 

9. Facilitate the resolution of tree-related conflicts between citizens. 

How do we get what we want? The heart of the process is the formulation and 

implementation of the urban forestry plan and management strategy. The strategy 

will include an appropriate set of management tools, such as mitigation and other 

guidelines, ordinances and other regulations, assistance and incentive programs, 

planting programs, and public education. Once the urban forestry program is 

adopted, individual components must be implemented. This may require passing 

ordinances, budgeting funding, hiring an arborist, establishing a tree commission, 

appointing a citizen advisory board, and developing a tree master plan, among 

other steps. 

After implementation, it is important to monitor and evaluate progress toward 

meeting program goals. This requires process or program evaluation (i.e., have 

administrative objectives been met?) and, more important, outcome evaluation of 

progress toward physical urban forest goals (i.e., increase in forest cover, increase 

in forest diversity). Some methods for forest inventory and evaluation are dis- 

cussed in the next section. 

Inventorying and Evaluating the Urban Forest 

Much like vegetation inventories discussed previously, urban forest inventories are 
normally prepared from remote sensing and field observation. The emphasis is on 
forests, individual trees, and the functions they provide. These techniques are 
useful not only for initial inventories, but also for postimplementation program 
evaluation to see if program goals are being met. A number of methods are used for 
inventory and evaluation studies (ISA, 2001): 

« Sampling from populations. Short of counting and documenting 
every tree, inventories often use sampling methods to assess cover, count, 
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Figure 16.13 Subgrid Sampling System Used in Chicago to Inventory Street Tree Population. Source: USDA, FS (1990). 

and condition. Figure 16.13 illustrates a grid-cell-sampling scheme devel- 

oped by Geiger and others for Chicago in the 1970s that allows detailed 

inventory with reduced cost and labor. 

Photogrammetry and remote sensing techniques. Stock aerial 

photographs or other aerial imagery can be used to assess tree canopy 

cover quickly and cost-effectively. For regional studies, satellite data can 

be used to assess forest cover (figure 16.10). Two methods of analyzing 

aerial photos are described after this list. 

Ground survey. For many applications, the ground survey is still the 

simplest and most accurate means for collecting detailed data on the 

urban forest. “Windshield” and walking surveys can be used. 

« Photo points. Photographs taken from the ground or the air can provide 

graphic and obvious evidence of changes in tree condition and cover. It is 
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Figure 16.14 Lotline/Letter Method for Locating Trees for Database. Source: USDA, FS (1990). 

important that photo points be consistent and repeatable to show change 

over time. 

Public polling. People are an integral part of the urban forest, and 

involving them incorporates not only their attitudes but also their local 

knowledge. 

Record keeping and analysis. Well-maintained records and databases 

can be analyzed to provide a wealth of information on forest condition 

and ordinance performance. The use of GIS and other computer tech- 

niques enhances the gathering, storage, analysis, and visualization of 

information. Figure 16.14 illustrates a lotline address/lettering method of 

identifying neighborhood trees for a tree database that may include data 

on species, size, and condition. 

Figure 16.15 illustrates two techniques for analyzing aerial photos to estimate 

forest canopy cover. Figure 16.15a shows a digital dot grid overlay. Triangles were 

used because they are easier to see; the triangle vortex serves as the dot. The 

number of dots touching the dark canopy were counted and compared to the total 

number of dots. Figure 16.15b illustrates how ImageTool software converts the 

photo into a digital black-and-while image, showing canopy as black and other 

areas as white. The software counts the pixels in black and compares the count to 

the total pixels to estimate canopy cover. This method produces a result of 

20.8 percent canopy, whereas the dot grid method gave 21.4 percent. The dot grid 

method took four hours less time (ISA, 2001). 
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Figure 16.15 Dot Grid Overlay and ImageTool Methods for Estimated Forest Canopy. Source: 

USDA, FS, Southern Region (2001). 
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BOX 16.4—Manageability of Urban Forest Lands 

Directly Manageable Urban Forests Indirectly Manageable Urban Forests 

City parks Utility easements 

Public squares Other ownerships 

Grounds of city buildings Federal and state lands 

Monuments and cemeteries Private lands 

Boulevard medians _ Existing tree preservation . 

Streetsides Site planning and design 

Parking lots Tree planting 

Riparian areas 

Astandard method for assessing street tree canopy is the canopy cover at the 

edge of pavement (CCEP). It measures the amount of shading that streets 

receive from street trees and can be used with aerial photos or ground survey. On 

aerial photos, a ruler or point dots are laid along the visible edge of the pavement. 

The analyst counts the number of points that fall on the tree crowns and the total 

number of points, then calculates the %CCEP: 

% CCEP = 100 x (points with canopy cover/total number of points) 

A ground survey can reveal the same data at evenly spaced points, say every three 

steps. An advantage of measuring CCEP by ground survey is that additional survey 

information like tree measurements and conditions can be assessed (ISA, 2001). 

Managing the Urban Forest 

Managing the urban forest depends on the specific program goals and on 

the “manageability” of forest lands, which is fundamentally based on ownership. 

Box 16.4 gives examples of directly manageable forests, which are primarily those 

owned by the local government and indirectly manageable forests, most of which 

are privately owned. 

Most urban forestry programs address one or more of the following priorities: 

= Managing trees on publicly owned lands: 

Public buildings and grounds | 

Boulevards and streetsides 

Public parks and riparian areas 

» Education and technical assistance for trees management on privately 
owned lands 

» Ordinances for landscaping and planting in new developments 
» Ordinances for protection of existing trees in new developments 

«» Tree planting plans, incentives, and programs 
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Tree Protection and Preservation 

Much of the reduction in urban and metropolitan forest canopy has resulted from 

construction and land development activities. Construction activities typically cause 

more damage below ground than above ground, since most tree roots are within the 

top 18 inches of soil and extend well beyond the spread of the tree canopy. Land 

clearing, grading, trenching, and paving; vehicle and pedestrian movement; and 

toxic leaks and spills have serious impacts on established trees. 

Protecting trees requires action before, during, and after construction. First, 

the early site design process should include a site and tree evaluation to identify 

trees to save, remove, and transplant. The evaluation should assess tree species, 

age, size, health, value, and critical root zone. 

Second, site development plans should incorporate existing natural vegetation, 

especially areas of environmental and economic value. Preserving groups of trees or 

“tree save islands” is recommended because stands of trees can better tolerate dis- 

turbance and offer aesthetic and environmental benefits. The plans should assess 

impacts of construction activities and identify measures to mitigate them. For exam- 

ple, impervious surface locations should avoid critical root zones. Third, construction 

practices should be sensitive to tree protection needs. The following list shows a num- 

ber of tree protection techniques (USDA, Forest Service, Southern Region, 2001). 

Tree Protection Techniques 

» Organize site activities to avoid impacts on trees. 

» Minimize land disturbance. 

» Trench before clearing and grading along limits of disturbance. 

» Account for underground utilities. 

» Adapt to pavement. 

« Install protective tree fencing around the critical root zone. 

» Mulch in the critical root zone. 

» Ensure quality of fill material. 

» Prune branches for vehicle clearance. 

« Maintain trees before, during, and after during construction: fertilize, 

prune, water, aerate. 

= Restore site. 

Tree Planting Programs 

Global deforestation and impacts on global warming and climate change have 

spurred efforts for tree planting worldwide. For example, the Global ReLeaf program 

is an international effort by the forest advocacy group AF For every dollar donation to 

the Global ReLeaf Fund, AF plants one tree in 1 of their 500 projects in every U.S. 

state and 21 countries. Many projects are in urban areas to shade, cool, and beautify 

communities, and others are part of ecosystem restoration projects in less-developed 

areas. As of August 2001, Global ReLeaf had planted more than 19 million trees. 

In late 2001, AF released its “National Urban Tree Deficit” study that estimated 

that there was a deficit of more than 634 million trees in U.S. urban areas. Based 
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on its analysis of high-resolution satellite image data in 10 regional studies 

(described in the preceding section, “Urban and Regional Forest Canopy Analy- 

sis”), the organization estimated forest canopy for urban areas in the 48 contigu- 

ous states. These studies of urban landscape change over the past 20 years (e.g., 

figures 16.10 and 16.11) also served as the basis for the following recommended 

levels of tree cover for eastern U.S. metropolitan areas (lower levels were recom- 

mended for the plains and dryland western states): 

» 40 percent overall average 

= 60 percent for suburban areas 

» 25 percent for urban residential areas 

» 15 percent for commercial areas 

The study compared the results of current satellite data analysis to the recom- 

mended levels to estimate the national urban tree deficit of 634 million trees (AF, 

2001a). 

Urban tree planting programs are proactive activities to enhance urban envi- 

ronments and arrest the decline of tree cover. Although such programs are not 

complex, a number of factors should be considered depending on program objec- 

tives, site conditions, planting type, species, and stock. For example, a public street 

tree planting plan in Minneapolis emphasizes species diversity because of Dutch 

elm disease mortality in the city. 

Designing Urban Forestry Ordinances 

The heart of most urban forestry programs affecting private property is the urban 

forestry or landscaping ordinance. There are three categories of such ordinances: 

street tree ordinances primarily cover the planting, maintenance, and removal 

of trees within public rights-of-way and parking lots; tree protection ordi- 

nances aim to protect native mature trees or trees with historical significance; 

and view or solar access ordinances help resolve conflicts between property 

owners when trees block views or sunlight. 

Ordinances vary widely in form, content, and complexity, but an effective tree 

ordinance should meet the following criteria (ISA, 2001): 

1. Goals should be clearly stated and ordinance provisions should address 
the stated goals. 

2. Responsibility and authority should be designated to a tree commis- 
sion to set policy and to a city arborist and other staff to conduct oper- 
ations and enforcement. 

3. Basic performance standards should indicate which practices, condi- 
tions, and performance are acceptable and which are not. Standards 
should be specific and quantifiable. Typical standards included in tree 
ordinances are given in table 16.2. 

4. Flexibility must be maintained in meeting provisions and in enforcement. 
5. Enforcement methods should be clear. 
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TABLE 16.2 Typical Standards Included in Tree Ordinances 

Standard 

Tree planting 

Tree care 

Tree species 

Tree selection 

. Transplanting 

Tunneling for 

utilities 

Aeration system 

Design 

Minimum tree 

coverage or 

replacement 

Encroachment 

Landscape strip and 

buffer 

Special 

Description 

How to prepare the planting area, planting techniques, and 

postplanting procedures. 

Activities that will improve tree health and protect trees from 

construction damage, such as pruning, fertilization, 

mulching, and watering. Techniques to prevent soil 

compaction and reduced aeration are also covered. 

What species should and should not be planted in a given 

situation. 

How to select healthy tree stock. 

Procedures on how to transplant trees. 

Requirements for utility installation and maintenance near 

trees, and suggest alternatives to trenching through roots 

such as tunneling. 

How to determine if an aeration system is needed and how to 

install a system. 

Requirement that a tree protection plan be submitted with 

the land-development permit. These standards are often 

linked to the land-development process. 

Requirement measured as canopy cover, number of trees per 

acre, or minimum basal area (square foot of tree area 

measured cross section at diameter at breast height) of 

trees per acre. 

Techniques to be used during clearing, trenching, and 

grading to prevent damage to the protected root zone. 

Requirements for landscape strips and buffers, such as 

widths of strips, curb stops, parking lot landscape islands, 

species selection, and percent coverage in trees. 

Special standards can apply to unique characteristics of a 

site, such as a vegetative buffer along a stream tributary 

within the property boundaries. 
ee
 

Source: USDA, FS, 2001. 

6. The ordinance should be part of a comprehensive urban forest manage- 

ment strategy. The lack of integration between urban forest manage- 

ment and tree ordinances is common. 

7. The ordinance should be developed with community support. 

A model ordinance prepared for Atlanta, Georgia, area communities illustrates 

the main components of an urban forestry program. They include 

= the establishment of an urban forestry or tree commission, 

=» the appointment of a municipal arborist; and 

= the development of regulations and guidelines for managing publicly and 

privately owned trees. 

i) 537 
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Figure 16.16 Typical Tidal Salt Marsh. Source: Good et al. (1998). 

The guidelines include the establishment of a Tree Protection Zone within 

the community, which comprises publicly owned land as well as private property 

planned for development or within 50 feet of a street right-of-way. Within the zone, 

a permit is required for removing or damaging more than 50 percent of the trees, 

ditching within 10 feet of any tree, or placing impervious surface that impedes 

passage of water, air, or fertilizer to tree roots. For other tree protection and urban 

forestry ordinances see the ISA website (http://www.ISA-arbor.com) and U.S. For- 

est Service website (http://www.urbanforestrysouth.usda.gov). 

Wetlands Mitigation and Management 

Wetlands are defined as areas where saturation with water is the dominant factor 

determining the nature of soil development and the types of plant and animal 

communities living in the soil and on its surface (Cowardin, Carter, and LaRoe, 

1979). The Clean Water Act defines wetlands as “those areas that are inundated or 

saturated by surface or ground water at a frequency and duration sufficient to sup- 

port, and that under normal circumstances do support, a prevalence of vegetation 

typically adapted for life in saturated soil conditions. Wetlands generally include 

swamps, marshes, bogs and similar areas” (40 CFR 230.3[f]). 

As part of the National Wetlands Inventory program, the U.S. Fish and Wildlife 

Service (FWS) developed a wetlands and deepwater classification system, which 

is described in figure 16.17. In December 1996 this “Cowardin system” was desig- 

nated the national standard for wetland mapping. The main subsystems (marine, 

estuarine, riverine, lacustrine [lake], and palustrine) are further distinguished by 



Marine: Open ocean overlying the continental shelf 

and associated high-energy coast line. Examples of 

wetland types within this system are subtidal and 

intertidal aquatic beds, reefs, and rocky shores. 

Estuarine: Deepwater tidal habitats and adjacent 

tidal wetlands that are usually semi-enclosed by land 

but have open, partially obstructed, or sporadic 

access to the ocean and in which ocean water is at 

least occasionally diluted by freshwater runoff from 

the land. Examples of estuarine classes include 

subtidal and intertidal emergent wetlands, forested 

wetlands, and rock bottom. 

Riverine: Wetland and deepwater habitats contained 

within a channel with two exceptions: 1) wetlands 

dominated by trees, shrubs, persistent emergent 

plants, emergent mosses or lichens, and 2) habitat 

with water containing ocean-derived salts in excess 

of5 ppt (parts per thousand). Rivers and streams fall 

within this system and subsystems include tidal, 

perennial, or intermittent watercourses. 

Lacustrine: Wetlands and deepwater habitats with 

all of the following characteristics: 1) situated in a 

topographic depression or a dammed river channel; 

2) less than 30 percent area coverage by trees, 

shrubs, persistent emergent vegetation, emergent 

mosses, or lichens; and 3) total area exceeds 8 

hectares (20 acres). Lakes typify lacustrine wetland 

systems. 

Palustrine: All nontidal wetlands dominated by 

trees, shrubs, persistent emergent vegetation, 

emergent mosses or lichens, and all such wetlands 

that occur in tidal areas where salinity due to ocean- 

derived salts is below 5 ppt. This system also 

includes wetlands lacking such vegetation if they are 

less than 8 hectares, lack wave-action or bedrock 

shoreline features, and, at the deepest spot are no 

deeper than 2 meters at low water. Examples 

include ponds, bogs, and prairie potholes. 
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Figure 16.17 Wetland Systems Definitions. Source: Cowardin, 1979. 

class, usually defined as bottom type for deep water and as vegetative type for wet- 

lands. Palustrine or inland, freshwater wetlands account for about 95 percent of 

the wetlands in the coterminous United States; the remainder are estuarine wet- 

lands, mostly of the emergent class. 

The National Research Council (1995) lists several major vernacular classes of 

U.S. wetlands and some plants associated with each: 

s Freshwater marsh: fresh water-saturated area having aquatic vegeta- 

tion and grasses, sedges, and herbs. 

s Tidal salt and brackish marsh: saltwater saturated area subject to 

tidal influence and having aquatic vegetation and salt tolerant grasses 

and rushes (see figure 6.16). 

« Prairie potholes: shallow depression occurring in outwash or till plain 

resulting from glacial retreat, having grasses, sedges, and herbs. 



« Fens: peat-accumulating wetland receiving water from surface runoff or 

seepage, having sedges, grasses, shrubs, and trees. 

= Bogs: nutrient poor, acidic wetland dominated by waterlogged spongy 

mat of sphagnum moss that forms acidic peat, fed primarily by rainwater 

and no inflow or outflow; also has shrubs and trees. 

» Swamp bottomland: area intermittently or permanently covered with 

water, having shrubs or trees, usually cypress, gum, and red maple. 

« Mangrove forest: water-saturated or submerged area with water- 

tolerant black, red, and white mangrove trees. 

Wetland types are diverse, but they all possess hydrologic, soil, and biotic charac- 

teristics that distinguish them from upland or other aquatic ecosystems. Hydrolog- 

ical characteristics, that is, the duration, flow, amount, and frequency of water on 

a site, are the primary factors that determine soil and vegetation elements. Wetland 

hydrology occurs when a site is wet enough to produce soils that can support 

hydrophytic or “water-loving” vegetation. Wetland soils are called hydric soils and 

are saturated with water for all or part of the year. Saturated soils become anaerobic 

as water drives the oxygen out of the spaces between soil particles. This changes the 

soil’s structure and chemistry (Somers, Bridle, Herman, and Nelson, 2000). 

As a result of waterlogged and anaerobic conditions, wetlands are hostile to most 

terrestrial plants. As a result, they are dominated by hydrophytic plants that are 

adapted to these conditions. Wetland plant species include emergent plants (cat- 

tails, sedges, and rushes), submerged plants (pondweeds, eelgrass), floating plants 

(e.g., duckweed), trees (cypress, red maple, and swamp oak), shrubs (willows and 

bayberry), moss, and other types of vegetation (Somers et al., 2000). 

Because wetlands exist at the land-water interface, they are used by animals from 

both wet and dry environments. Many invertebrate, fish, reptile, and amphibian 

species depend on wetland water cycles to survive or complete their life cycles. Nearly 

all amphibians, approximately 75 percent of all commercial marine fish species, and at 

least 50 percent of migratory birds use wetlands regularly (NRC, 1995). 

Benefits of Wetlands 

Historically, wetlands have been viewed as wasted land, which could be put into 

productive use only through draining and earth filling. As a result, well over half of 

the original 215 million acres of wetlands in the lower 48 states has been con- 

verted to other uses. However, the values and benefits of wetlands have been bet- 

ter recognized in the past 25 years and in response, efforts to control wetland con- 

version have grown considerably. 

Box 16.5 lists some of the benefits of wetlands. Not only do wetlands provide 
important ecological benefits for wildlife and natural systems, but they also sup- 
port human activities through flooding and erosion control, water quality treat- 
ment, groundwater recharge, and recreation. Most wetlands in the United States 
are located in the southeast coastal plain, Lower Mississippi Valley, the prairie pot- 
holes region, Great Lakes States, and in upper New England. Such lands have 
been called “the cradle of life” for waterfowl, fisheries, endangered species, count- 
less small birds, mammals, and a wide variety of plant life. 
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BOX 16.5—Benefits of Wetlands 

Flood Damage Reduction 

Wetlands often function like natural tubs or 

sponges, storing water and slowly releasing it. 

Trees and other wetland vegetation help slow 

floodwaters. This combined action, storage and 

slowing, can lower flood heights. A Corps of Engi- 

neers’ study of the Charles River Basin in Massa- 

chusetts concluded that the loss of 8,100 acres of 

forested wetlands would result in millions of dol- 

lars of annual flood damages downstream (U.S. 

Army Corps of Engineers, 1976). 

Shoreline Erosion Control 

Wetlands dissipate wave energy and erosive 

potential, thus buffering shorelines and upland 

areas from erosion. 

Water Quality Improvement 

Wetlands intercept surface runoff and remove nutri- 

ents, organic wastes, and sediment before it reaches 

open water, helping to improve water quality, 

including groundwater and sources of water supply. 

Groundwater Recharge 

Since fresh water wetlands occur at the outcrop of 

the water table, they are an important interface 

between surface and groundwater and contribute 

to the recharge of aquifers. 

Healthy Fisheries 

About 75 percent of commercial fish and shellfish 

depend on estuaries and their wetlands. Most fresh- 

water fish are dependent on marshes and riparian 

wetlands where they spawn during spring floods. 

Ecological Benefits to Wildlife and 

Biological Diversity 

Wetlands are among the most biologically pro- 

ductive natural ecosystems in the world. They can 

be compared to tropical rain forests and coral 

reefs in the diversity of species they support. An 

estimated 46 percent of the listed threatened and 

endangered species rely directly or indirectly on 

wetlands for their survival. Wetlands provide criti- 

cal habitats for 50-80 percent of the continental 

waterfowl, 80 percent of North America’s breed- 

ing birds, 190 species of amphibians, as well as 

many mammals, including muskrat, beaver, mink, 

raccoon, marsh and swamp rabbits, and other 

small mammals. 

Recreation, Aesthetics, Education, 

and Research 

Wetlands provide opportunities for popular activ- 

ities such as hiking, fishing, and boating. For 

example, an estimated 50 million people spend 

approximately $10 billion each year observing 

and photographing wetlands-dependent birds. 

Source: NRC (1995). 

Wetland Conversion and Alteration 

An estimated 52 percent of the original 221 million acres of wetlands in the United 

States have been converted to other uses, about 80 percent for agricultural use. 

The United States is continuing to lose wetlands but the loss has slowed consider- 

ably in the last three decades. As shown in box 16.6, annual wetland loss of 458,000 

acres in the 1950s to the early 1970s slowed to less than 300,000 acres by 1980s. 

Latest estimates for 1986-1997 are about 100,000 acres per year, with a net loss of 

58,500 acres as a result of wetland creation and restoration (U.S. Department of 

the Interior, 2000). In most cases, new wetland acres are of less quality than lost 

acres. Historically, agricultural activities have caused by far the greatest impact on 

wetlands, but land development contributed half of the wetland loss from 1992 to 

1997 according to the latest National Resources Inventory (USDA, 2001). 
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BOX—16.6 Improved Wetlands Loss Trends and Contributing Factors in 

Lower 48 States 

X 

Wetlands Losses, 1950s-1990s « expansion of federal, state, local, and private- 

1950s-1970s 458,000 acres per year sector restoration programs that have contrib- 

1970s-1980s 290,000 acres per year uted 78,000 acres a year to the national wet- 

1986-1997 58,500 acres per year (net loss) lands base; ‘ 
= enactment of Swampbuster measures in the farm 

Factors contributing to the marked decline in the bills since 1985; and 

loss rate during the last decade include = a decline in the profitability of converting wet- 
« implementation of the section 404 wetlands per- lands due to the tax reform of 1986. 

mitting program of the Clean Water Act (CWA); 

= state and local wetland regulatory programs; 

= increased public awareness and support for con- 

servation; 

me, 

Agricultural and land development activities damage wetlands in a number 

of ways. Most damage is caused by physical alterations, like draining, filling, and 

dredging, but chemical and biological changes also reduce wetland benefits. 

Box 16.7 describes several methods of wetland alteration. 

Wetland Protection, Mitigation, Restoration, and Creation 

With growing awareness of the benefits of wetlands, wetlands advocates and envi- 

ronmental agencies have worked to develop policies and strategies to arrest the 

alteration, conversion, and destruction of wetlands. The progress made is reflected 

in the declining rate of wetland loss (box 16.6). Since 1990 the federal government 

has had a policy of “no net loss” of wetlands. The Clinton administration wanted to 

achieve a net gain of 100,000 wetland acres per year by 2005. The estimated cur- 

rent net loss of 58,000 acres per year suggests we have not achieved “no net loss” 

much less “net gain.” Even if we did, it does not imply that wetlands would not be 

damaged. “No net loss” means that for every wetland lost, another will be restored 

or created. Indeed, federal and state permitting programs aiming to protect wet- 

lands (discussed later) allow damage to wetlands as long as mitigation is provided. 

Figure 16.18 gives a wetlands protection hierarchy. Given the benefits of wet- 

lands as well as the hassle to the landowner posed by permit requirements, costly 

mitigation, and negative public opinion, the best action is to avoid wetlands 

impacts altogether. Next, landowners should minimize impacts, and third, miti- 
gate or compensate for unavoidable impact. Figure 16.19 illustrates wetland 

avoidance and mitigation in a development project (Salveson, 1994). 

Under the federal CWA section 404 regulatory program, applicants are permit- 
ted to mitigate wetlands impacts only after they have taken every effort to avoid 
and minimize the impact. Mitigation can be through restoration of previously 
damaged wetlands, enhancement of existing wetlands, or creation of new wet- 
lands. Lewis (1990) provides the following definitions for these terms: 
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BOX 16.7—Methods of Altering Wetlands 

Physical Alterations _ between wetlands and adjacent land areas, 

Filling—adding any material to change the or incidentally impacting wetlands through 

bottom level of a wetland or to replace the activities at adjoining sites. 
wetland with dry land. 

Draining—removing water from a wetland 

by ditching, tiling, or pumping. 

Excavating or dredging water away— 

preventing the flow of water into a wetland 

by removing water upstream or lowering 

groundwater tables. 

Flooding—raising water levels either behind 

dams, by pumping, or otherwise channeling 

water into a wetland, often done to create 

livestock watering ponds, irrigation ponds, 

detention ponds, or water hazards on golf 

Chemical Alterations 

Changing levels of nutrients—increasing 

~ or decreasing levels of nutrients within the 

local water and/or soil system, forcing 

changes in the wetland plant community 

Introducing toxins—adding toxic com- 

pounds to a wetland either intentionally 

(e.g., herbicides and/or pesticides) or unin- 

tentionally (e.g., stormwater runoff from 

nearby roads containing oils, asbestos, 

heavy metals, and others), which adversely 

affect wetland communities. 
courses. 

Fragmenting—bisecting wetlands with Biological Alterations 

roads that create barriers to normal flow of Grazing—consumption and compaction of 

water and normal activity of wildlife, also vegetation by large numbers of domestic 

creating a source of mortality for wetland livestock. 

animals migrating from one portion of the Disrupting natural populations—altering 

wetland to another. the number or abundance of existing 

Shading—placing pile-supported platforms species, introducing exotic or domestic 
or bridges over wetlands, causing vegetation species, or otherwise disturbing resident 

to die. organisms. 
Conducting activities in adjacent 

areas—disrupting the interconnectedness Source: Somers et al. (2000). 

1. Avoid impact 

2. Minimize Impact Increasing 

3. Mitigate or Compensate Unavoidable Impact: Difficulty 

a. Restore Damaged Wetlands and Cost 

b. Enhance Existing Wetlands 

c. Create New Wetlands 

Figure 16.18 Wetlands Protection and Mitigation Hierarchy 

Restoration: Returning a degraded or former wetland to as close to the 

preexisting condition as possible. 

Enhancement: Increasing one or more of the functions performed by an 

existing wetland beyond what currently or previously existed in the wet- 

land. There may be an accompanying decrease in other functions. 

Creation: Converting a nonwetland (either dry land or deep water) toa 

wetland. 
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Initial Site Plan Location of Wetlands Approved Site Plan 

Figure 16.19 Initial and Approved Plans for the Village of Thomas Run, Maryland. Source: Wetlands: Mitigating and 

Regulating Development Impacts by David Salveson, 1994. Reprinted with permission of the Urban Land Institute. 

The first method for renewing functions in mitigation is the passive 

approach, or removing the factors causing wetland degradation or loss and let- 

ting nature do the work of restoration. However, an active approach may be nec- 

essary if passive methods are not enough to restore the natural system. Active 

methods involve direct control of wetland processes when a wetland is severely 

degraded or in the case of wetland creation and most enhancements. 

Wetland creation is the most difficult mitigation measure. Chapter 14 dis- 

cussed the benefits of created wetlands for runoff and NPS pollution control, but it 

is very difficult to replicate the full range of benefits provided by natural wetlands. 

Before wetland vegetation will thrive, hydrologic conditions and hydric.soils must 

be established. Wetland enhancement and restoration is easier because wetland 

hydrologic or soil conditions may be present. 

Conducting a Wetland Restoration Project 

Of course, some wetlands are easier to.restore than others, and a first step is to 

assess restoration potential. Restoration potential depends on the degree of distur- 

bance of both the site and its surrounding landscape, but the site’s condition is 

more important (NRC, 1992). 

The Interagency Workgroup on Wetland Restoration has produced a nice public 

guide to wetland restoration (IWWR, 2002). The guide tries to demystify wetland 

restoration. Although wetlands are complex, much can be done to improve degrada- 

tion through simple assessment and measures based on local knowledge and experi- 
ence. A first step is gathering information on the wetland site or sites. Topographic 
and floodplain maps, soil surveys, aerial photos, and national wetland inventory 
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TABLE 16.3. Where to Find Information on Your Watershed/Landscape 
and Site 

Information Where to Find Information Resources 

Aerial photography Local geological survey (USGS) office, NASA (satellite 

ot photos such as those from the Thematic Mapper); Farm 

Services Agency (FSA); local aerial photography 

companies; state natural resource agencies. 

Flood elevations and County, city, or town zoning and planning offices; Federal 

floodplains Emergency Management Agency (FEMA); flood hazard 

maps; district offices of the Army Corps of Engineers; 

state natural resource agencies. 

National Wetlands For map status and free desktop printing of areas and 

Inventory (NWI) maps acreage status (42% of US available) use the Wetland 

Interactive Mapper at http://wetlands.fws.gov. To 

purchase paper maps (90% of US available) call the 

USGS Earth Science Information Center at 1-888-ASK- 

USGS or contact a state distribution center from the list 

at http://wetlands.fws.gov/state_distribution_centers.htm. 

Soil surveys Local office of NRCS; find the field office directory at: 

http://www.ncg.nres.usda.gov/perdir.html. 

Topographic maps Local USGS office or USGS’s “Map Finder” at: http:// 

edcwww.cr.usgs.gov/Webglis/glisbin/ 

finder_main.pl?dataset_name =MAPS_LARGE or call 

1-800-ASK-USGS; local map or sporting goods stores. 

information are the primary general sources of information (table 16.3), but the 

guide emphasizes acquiring local knowledge to assist in the restoration process. 

Federal Wetlands Regulation 

The principal federal program to protect wetlands is section 404 of the CWA, 

which regulates the discharge of dredged and fill material into waters of the 

United States, including wetlands. The basic premise of the program is that no 

discharge of dredged or fill material can be permitted if the nation’s waters would 

be significantly degraded or a practicable alternative exists that is less damaging. 

In other words, when you apply for a permit, you must show that you have 

(1) taken steps to avoid wetland impacts where practicable; (2) minimized poten- 

tial impacts to wetlands; and (3) provided compensation for any remaining, 

unavoidable impacts through activities to restore, enhance, or create wetlands. 

The EPA and the Army Corps of Engineers (Corps) jointly administer the pro- 

gram. In addition, the FWS, the National Marine Fisheries Service, and state 

resource agencies play advisory roles. The Corps administers the day-to-day pro
gram, 

including individual permit decisions; develops policy and guidance; and enforces 

section 404 provisions. The EPA develops and interprets environmental criteria used 

in evaluating permit applications; has authority to veto the Corps’s permit decisions 

(section 404|c]); identifies activities that are exempt; and reviews/comme
nts on indi- 

ft 



vidual permit applications. Section 404(f) exempts some activities from regulation, 

including many ongoing farming, ranching, and silviculture practices. 

A permit review process controls regulated activities, including discharges, fill- 

ing, land clearing, ditching, and channeling. An individual permit is usually 

required for potentially significant impacts. However, for most discharges that will 

have only minimal adverse effects, the Corps often grants up-front general nation- 

wide permits. These may be issued on a nationwide, regional, or state basis for par- 

ticular categories of activities (e.g., minor road crossings, utility line backfill, and 

bedding) as a means to expedite the permitting process. 

The application of 404 has been controversial. This is not surprising as it is one of 

the few federal programs regulating land use. Major issues include definitions of 

what constitutes a wetland and regulated land use activity under the program, what 

can be included in “nationwide” permits, regulation of isolated wetlands, and com- 

pensation for landowners whose property values are diminished by the regulation. 

Even though the CWA has not been reauthorized or amended since 1987, continual 

policy directives and court cases since have tried to clarify the wetlands program. 

For example, several cases have argued the extent of the government’s regu- 

lation of “isolated” wetlands or those not physically adjacent to navigable surface 

waters. In January 2001, the U.S. Supreme Court ruled 5-4 that the Corps’s 

denial of a permit for wetland damage solely on the basis of impact on migratory 

birds exceeded its authority. Although the EPA and the Corps issued an interpreta- 

tion of the decision allowing some continuation of federal regulation of isolated 

wetlands, the future of a strong federal role in this area is uncertain. The responsi- 

bility for isolated wetlands may fall to state and local wetland protection programs 

(Zinn and Copeland, 2003). 

There has also been debate about whether to treat all wetlands equally or to 

classify them based on size, functions, or values. Several legislative proposals have 

called for a three-tier system, from highly valuable wetlands that would have the 

greatest protection to the least valuable wetlands on which alterations would be 

allowed. In practice, the Corps and EPA do not use a tiered system, but they pro- 

vide flexibility in permit implementation based on the wetland, the size of the proj- 

ect, and the degree of impact (Zinn and Copeland, 2003). 

In addition to the CWA, the federal farm bills have had a major effect on wet- 

lands conversion. In recognition that agriculture has had a dramatic impact on 

wetlands, the farm bills established the Swampbuster, Wetlands Reserve, and 

Conservation Reserve programs to use incentives and disincentives to protect and 
restore wetlands. The Wetlands Reserve Program gives landowners payments for 
placing permanent easements on farmed wetlands. By 1997, agriculture wetland 
conversion dropped from over 50 percent of all conversion to 25-30 percent 
(USDA, 2001; USDI, 2000). 

Wetland Mitigation Banking 

Mitigation banking refers to the restoration, creation, enhancement, and, in some 
cases, preservation of wetlands or other aquatic habitats for the purpose of provid- 
ing compensatory mitigation in advance of wetland damage permitted under the 
section 404 regulatory program (Zinn, 1997). 



Landscape Ecology, Urban Forestry, and Wetlands = 

It creates a market-based program for wetland mitigation, including “sellers” 

and “buyers.” Sellers are any group that restores wetlands and “banks” the mitiga- 

tion credits with the Corps of Engineers. Buyers are landowners needing mitiga- 

tion to get a wetland permit for their land use activity. By creating a “market” for 

wetland restoration, this program has prompted many civic-minded groups into 

entrepreneurial wetland restoration, knowing they will be compensated for their 

efforts. It has also eased the delays and regulatory burden on land developers who 

can achieve required wetland mitigation simply by buying credits of wetlands 

already restored. 

This program also solves another problem of mitigation: knowing whether 

promised mitigation will actually work. Without banking, permits were issued 

based on mitigation plans by landowners, but there is often some question 

* whether the plans will be fully implemented or if the restoration will work. Under 

mitigation banking, the project has already been completed, so there is more cer- 

tainty that the restoration is successful. 

The wetland mitigation banking process involves the following five steps: 

1. A group or firm identifies degraded wetlands, documents their condi- 

tions, and proposes restoration to the Corps of Engineers under the 

mitigation banking program. 

2. The group or firm restores the wetland, using labor and capital. 

3. After restoration, the group or firm and the Corps document the 

restoration and assign wetland mitigation credits to the project. 

4. When a landowner in the watershed applies for a wetlands permit for a 

wetland-disturbing activity, the Corps will seek evidence that the appli- 

cant has attempted to avoid and minimize impacts. If wetland impacts 

are deemed unavoidable, the applicant seeks to mitigate the impacts by 

purchasing wetland mitigation credits. 

5. The Corps of Engineers decides what appropriate level of mitigation 

credits the applicant requires, and it requires a fee from the applicant 

for the credits. The fee is used to compensate the group or firm who 

conducted the restoration. 

State and Local Wetland Protection Programs 

Although the federal section 404 program gets the most attention, some of the ear- 

liest and most effective wetland programs are in the states. The federal wetland 

program is limited, and state and local programs are needed to “fill in the blanks” to 

provide protection for wetlands not addressed by federal jurisdiction, such as iso- 

lated wetlands. Table 16.4 summarizes six state wetland programs. Some of these 

states, such as Massachusetts, California, and Florida, initiated programs well 

before the federal permitting program began in 1975. Some (New Jersey, Michigan, 

California, and Massachusetts) regulate more activities than the federal program. 

New Jersey, California, and Massachusetts require buffer zones around wetlands. 

Several apply mitigation ratios; more mitigation acreage than impacted acreage 

may be required. Four of the states allow mitigation banking. Only one of the states 

(Michigan) has assumed implementation of the federal program. 

al ~~ 
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TABLE 16.4 Wetlands Protection Programs in Six States 

State 

Florida 

New Jersey 

Michigan 

California 

Oregon 

Massachusetts 

Legislative Authority and 

Regulatory Agency 

Warren S. Henderson 

Wetlands Protection Act 

(1984); Department of 

Environmental Regulation 

Freshwater Wetlands 

Protection Act (1987) and the 

Wetlands Act (1970); 

Department of Environmental 

Protection 

Goemaere-Anderson Wetlands 

Protection Act (1979); 

Department of Natural 

Resources 

McAteer-Petris Act (1969) 

and the California Coastal Act 

(1976); California Coastal 

Commission and the San 

Francisco Bay Conservation 

and Development 

Commission 

Removal-Fill Law (1985); 

Division of State Lands 

The Wetlands Protection Act 

(1972); Department of 

Environmental Protection 

Activities 

Regulated 

Dredge and 

fill 

Removal, fill, 

dredge, 

alteration 

Removal, fill, 

dredge, drain 

BCDC— 

chiefly beach 

access and 

removal and 

fill; CCC— 

very broad 

range of 

activities 

Removal and 

fill 

Removal, fill, 

dredge, 

alteration 

Typical 

Buffer Mitigation 

Zones Ratios 

None 2.5:1-4:1} 

25-150 feet 1:1-7:1? 

(for freshwater 

wetlands) 

None 1 al 

100 feet ileal 

required by 

CCC, none by 

BCDC 

None 1:1-6:13 

Up to 100 feet ile 

Mitigation 

Banking 

Allowed? 

Yes 

Yes 

Yes 

Yes 

Assumption 

of Federal 

404 Program? 

No 

Working on it 

Yes 

Decided 

against 

No 

Source: Wetlands: Mitigating and Regulating Development Impacts by David Salveson, 1994. Reprinted with permission of the Urban 
Land Institute. 

1. 2.5:1 for created wetlands, higher (4:1 and up) for enhanced wetlands. 

2. 1:1 minimum, 7:1 for enhancement. 

3. 1:1 for nontidal wetlands, up to 6:1 for tidal. 

‘ 

Local wetland protection programs can also complement federal and state pro- 

grams. Most localities with urban forestry, urban wildlife, or riparian protection 

programs include wetlands. The following list outlines a simple process for devel- 

oping a local wetlands protection program. The first step is the identification and 

evaluation of the wetlands in the area. Wetlands can be identified from a number 
of sources given in table 16.3. A local wetlands map derived from these sources 

should be field-checked to clarify any boundary differences. 

Developing a Local Wetlands Protection Program 

1. Define goals and objectives. Why should we protect wetlands? 

= e.g., stormwater storage, wildlife habitat, economic value, recreational 
value 

2. Inventory and prioritize the resource. What do we have and what is 
important? 
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» Review existing maps, aerial photos, FWS national wetland inventory 

maps, soil surveys (hydric soils), field investigation 

= Prioritize wetlands based on size, public perceptions, functional uses, etc. 

3. Identify methods of protection. What should we do? 

« Acquisition: e.g., purchase, conservation easements, land trusts 

_-om Regulations: legal restrictions or permitting, overlay zones 

4. Provide sufficient program funding. What will it cost and where do we 

get funds? 

= User fees, local bonds, state and federal conservation funds 

5. Provide appropriate public involvement. Who are the stakeholders and 

what do they want? 

= The public can provide political support for program and help in data col- 

lection and implementation. 

6. Implement program and monitor results. 

Coastal Ecology and Management 

Coastal marshes, backbays, and estuaries are the transitional zone between marine 

and upland ecosystems, and they provide unique conditions for the propagation of 

fish, shellfish, and wildlife (see figure 16.20). The diversity of the estuarine environ- 

ment includes the marsh and baygrass community of aquatic, riparian, and land 

species; the microorganism plankton community of both plants (phytoplankton) 

and animals (zooplankton); the nekton community of free-swimming larger 

species; and the benthic community of bottom dwellers. Estuaries play an impor- 

tant role in the life cycle of many species, including shrimp and anadramous fish. 

Protection of coastal ecology depends on both habitat and water quality protec- 

tion. Habitat protection requires managing shoreline and marshland uses, includ- 

ing the establishment of buffer zones between water and development and other 

intensive human use. Water quality protection requires management of develop- 

ment, land uses, and wastewater discharges not only in the coastal zone but also in 

the larger watershed draining into the estuary. 

Efforts to protect the Chesapeake Bay, for example, illustrate the complexities 

and the challenge. Initial strategies focused on wastewater discharges into the Bay 

and its finger estuaries. Attention then turned to land use on its shores, then to uses 

surrounding the Bay. The comprehensive Chesapeake Bay program now focuses on 

“tributary strategies” including land uses in all of the basins draining into the Bay. 

Coastal Zone Management 

Because of the ecological value of the coastal zone, its management has become a 

national priority. Although the federal government has refrained from regulating 

private land use, it has recognized the need for coastal zone planning and has pro- 

vided funds for such activities by state and local governments. The Coastal Zone 

Management Act (CZMA) of 1972 aimed to stimulate land use planning and 

controls in coastal areas due to the environmental values, natural hazards, and 
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Figure 16.20 Deltaic marshes are closely linked to sea and upland ecosystems. Source: Clark et al. (1980). 

development pressures coincident in these areas. The objectives of the Act are to 

centralize control of development decisions in coastal areas from fragmented local 

governments to the regional or state level. The program is administered by the 

Office of Ocean and Coastal Resources Management (OCRM) of the National 

Oceanic and Atmospheric Administration (NOAA). 

The Act aimed not to specify how coastal zone lands should be used, but rather to 

establish state-developed plans, procedures, and institutions through which land 

use decisions could be made. The program provides two incentives for states to par- 

ticipate voluntarily and develop and implement coastal zone management (CZM) 

programs. First, under section 306, the Act provides grants to the states for program 

development and operation. Second, the Act provides that once a state program is 

approved, federal activities must be consistent with the program. In addition, the Act 

offers grants to states with approved plans to acquire land to preserve natural areas 

under the National Estuarine Sanctuary Program and for coastal rehabilitation proj- 

ects. To qualify for the grants, the state program plans must include a number of 

required items, such as a definition of permissible uses, means by which land and 

water uses are to be controlled, and an organizational structure for implementation. 

In general, CZM planning involves the following process: 

1. Delineation of the coastal zone, participating agencies, jurisdictions, 
and stakeholders. 

2. Inventory and analysis of coastal environmental, economic, and social 
resources. 
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3. Establishment of management objectives, such as: maintain a high 

quality environment, protect species diversity, conserve critical habitats 

and ecological processes, control pollution, identify lands for develop- 

ment, protect against natural hazards, restore damaged ecosystems, 

encourage participation. 

4. Development of integrated strategies by appropriate agencies and 

“ stakeholders to achieve objectives, including regulatory programs and 

nonregulatory programs, such as land trusts, conservation easements, 

education. 

5. Implementation of strategies and monitoring of progress and effec- 

tiveness. 

Model Programs for Coastal Zone Management 

In the late 1990s, NOAA’s Office of Ocean and Coastal Resources Management 

(OCRM) commissioned evaluation studies of the effectiveness of the CZM pro- 

gram. Three separate studies were conducted, each focusing on a specific CZMA 

objective: protecting of beaches, dunes, bluffs, and rocky shores (Bernd-Cohen and 

Gordon, 1998); protecting estuaries and coastal wetlands (Good, Weber, Charland, 

Olson, and Chapin, 1998); and redeveloping urban ports and waterfronts (Good- 

win, Hastings, and Ferguson, 1997). The studies’ results measured progress not 

only in program implementation, but also of the practice of CZM in the United 

States. Based on the data available, they demonstrated improvement in CZM. 

The beach and dune protection study found that coastal states are utilizing a 

variety of tools to achieve resource protection. These include regulatory setbacks 

and controls over shoreline development in combination with planning, steward- 

ship of state lands, coastal land acquisition, and research and public education 

about shoreline processes and human interaction. 

Regulatory controls are the most important tools, since the majority of the 

oceanfront shoreline is in private ownership and subject to development pres- 

sures. Protection is achieved through setbacks; regulation of shoreline develop- 

ment and shoreline stabilizations; restrictions on pedestrian and vehicular access; 

habitat protection; and permit compliance/permit tracking systems. Setbacks are 

particularly effective—acting as natural buffer areas and reducing hazard risks 

(see figure 9.18). Planning tools offer long-range vision and site-specific goals for 

the protection and development of selected coastal areas. Stewardship of coastal 

lands, through state land management and acquisition, is also an important com- 

ponent of all state coastal programs (Bernd-Cohen and Gordon, 1998). 

Competing policies and demands for the use of the shoreline continue to pose a 

dilemma for coastal management. States and localities struggle with decisions 

regarding competing demands for recreation and tourist development, protection 

of threatened sensitive areas, the rights of private property owners, and public 

health and safety (Bernd-Cohen and Gordon, 1998). 

Based on the results of the evaluation, Bernd-Cohen and Gordon (1998) sum- 

marized the elements of an effective CZM program for the protection of beaches, 

dunes, bluffs, and rocky shores. It includes elements of the following: 
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1. Regulation: coastal setbacks, construction controls, shoreline stabiliza- 

tion, access restrictions, and habitat protection. 

2. Planning: adopted plans and enforceable policies for resources protection, 

beach nourishment, inlet management, dunes restoration, and so on. 

3. Management and acquisition: inventory of public coastal land holdings, 

public land management and stewardship, coastal land acquisition. 

The evaluation study of CZM protection of estuaries and wetlands yielded sim- 

ilar results. Good et al. (1998) concluded that most states consider estuary and 

coastal wetland protection highly important. For those states having sufficient 

data, the overall performance and effectiveness of their coastal management pro- 

grams gets moderate to high ratings for protecting estuaries and coastal wetlands. 

However, they found that management of nontidal, freshwater wetlands is more 

limited, and nonregulatory wetland restoration is underutilized. 

The study recommended that OCRM and the states (a) improve nontidal, fresh- 

water wetland management in the coastal zone, (b) establish a national perfor- 

mance evaluation system so that states’ activities can be more easily monitored, and 

(c) establish a coastal wetland restoration policy. “OCRM should establish explicit 

national CZM policy goals for wetland restoration, including (1) no net loss of wet- 

land area and function in the short term, implemented through regulatory pro- 

grams; and (2) a net gain of wetland area and function over the long term, imple- 

mented through non-regulatory restoration programs” (Good et al., 1998). 

Based on their study, Good et al. (1998) developed a list of elements of a model 

state CZM program for protecting estuaries and wetlands. These elements include 

the following: 

1. Information and research: wetland inventory and function assessment, 

monitoring of wetland change, GIS mapping. 

2. Regulations: permit programs for wetlands, no-net-loss policy, mitiga- 

tion at > 1:1 ratio, evaluation of regulatory outcomes. 

3. Planning: local land use plans based on state standards for estuary and 

wetland protection, special area management planning (SAMP), reli- 

able outcome data. : 

4. Acquisition: conservation easements for land and wetland protection. 

5. Nonregulatory tools: public and landowner education, wetland restora- 

tion to achieve a net gain of wetland area and function. 

6. Coordination: memoranda of agreement, joint permitting, coordination 

with 404 permitting. 

State CZM Programs: The California Coastal Commission 

The evaluation studies of the CZM program reviewed state planning and imple- 
mentation, and provided some examples. Maryland and California were cited for 
effective programs for protection of wetland and estuarine resources, Washington 
and Wisconsin were among the exemplary programs for waterfront redevelop- 
ment, and California, Oregon, North Carolina, and Maryland are noted for protec- 
tion of dunes and bluffs (Bernd-Cohen and Gordon, 1998; Good, et al., 1998; Good- 
win et al., 1997). The California program illustrates the breadth of state programs. 
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The California coastal program was established by public referendum in 1972. 

The California Coastal Commission (CCC) was modeled after the effective San 

Francisco Bay Conservation and Development Commission that was established 

by the state legislature in 1965 (see chapter 8). The CCC oversees the state coastal 

program, which combines mandatory local planning and permitting and state 

coastal resource and land acquisition. 

The program requires local coastal programs (LCPs) with CCC certification 

and oversight. Each LCP must identify specific coastal resources, hazard areas, 

coastal access, use priorities, and significant cumulative development impacts on 

coastal resources and access; and adopt a land use plan, zoning ordinances, and 

zoning district maps to reflect the level and pattern of development consistent 

with the Coastal Act. CCC certification of an LCP results in delegation of coastal 

* development permit authority. 

Local Planning and Permitting 

There are 126 LCP segments statewide, of which 88 have CCC-certified programs 

and local permit delegation responsibilities. Certified LCPs vary regarding devel- 

opment of oceanfront property. Some impose rigorous guidelines for any new 

development and encourage purchase of remaining undeveloped properties; 24 

coastal jurisdictions recognize coastal geologic hazards through designation of 

special zones, geologic hazard ordinances, or comparable techniques. Regarding 

bluff-top development, some local jurisdictions use predetermined, fixed setbacks 

that vary from 10 to 320 feet. Others employ a cliff retreat rate, most commonly 

over a 50-year period. Most communities compromise safe setback considerations 

in “infilling” areas. The lack of state guidelines for safe beach-level development 

has led to some continued development and reconstruction in hazardous loca- 

tions (Good et al., 1998). 

Coastal Land Acquisition 

Nearly half (47%) of California’s 1,100-mile-long coastline is in public ownership 

and active public management. The state’s Department of Parks and Recreation 

(DPR) manages over 375 miles or 34 percent of the ocean shoreline in the state 

parks system. There are 87 bluff-front state parks and 32 rocky shore state parks. 

The DPR acquisition program for beaches and dunes, through special site-specific 

legislation and some bond funds, has acquired 26,838 acres of state beaches, 

6,000 acres of unclassified beach areas, 97.3 miles of land in five state parks and 

one state reserve, and 2.8 miles of dunes (Good et al., 1998). 

Coastal Zone Restoration 

The Coastal Conservancy awards grants to local governments and nonprofit orga- 

nizations for coastal restoration, coastal resources enhancement projects, resource 

protection zones, and buffer areas surrounding public beaches, parks, natural 

areas, and fish and wildlife preserves in the coastal zone. Between 1978 and 1995, 

600 projects were initiated and 400 projects were completed involving access, wet- 

lands protection, trail, recreational pier restoration, and farmlands protection. 
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Between 1978 and 1992, $175 million general obligation bonds acquired 29,000 

acres (Good et al., 1998). 

Estuarine and Wetland Protection 

The San Francisco Bay Conservation and Development Commission (BCDC) pre- 

ceded and served as a model for the CCC. Wetland loss due to filling has dramati- 

cally reversed, from 2,300 acres/year from 1940 to 1965 (before BCDC), to 20 

acres/year from 1965 to 1986 (post-BCDC and early CZM), to 4 acres/year from 

1987 to 1991 (recent CZM). Mitigation has more than compensated for these 

losses, with more than 30 acres/year net gain since 1987. The entire Bay is in a high 

protection zone, and four special area management plans provide for more detailed 

protection and restoration (Bernd-Cohen and Gordon, 1998). See figure 8.2. 

Summary 

Vegetation, the ecological producers, provides the foundation of food webs and 

ecosystems. Take care of the vegetation and you will do much to care for the 

ecosystem. Landscape ecology teaches us that terrestrial ecological functions 

depend on the interrelationships of the dominant land use/cover matrix with veg- 

etative patches and corridors. People are an integral part of ecosystems and not 

surprisingly, vegetation provides to us significant economic, environmental, aes- 

thetic and spiritual benefits. To preserve those benefits it is necessary to manage 

vegetative cover and the tree canopy. 

Urban forestry has emerged as the basic discipline for managing the tree canopy 

in urban and metropolitan areas. Fundamental objectives include maintaining and 

protecting existing trees and increasing tree planting to expand the urban forest 

canopy. Studies by AF show that forest canopy has declined significantly in urban 

and metropolitan areas across the United States. Heavy canopy (>50% cover) in 

urban areas has decreased typically from 40-50 percent to 20 percent of total land 

area from the 1970s to the 1990s. AF recommends an average metropolitan canopy 

cover of 40 percent to maximize stormwater management, air quality, and energy 

benefits. It estimates a national urban tree deficit of 634 million trees, the number 

needed to be planted to achieve this 40 percent canopy level. 

Some of the most important ecological areas are wetlands and the coastal zone 

at the land-water interface. Recognition of the economic, environmental, and 

social benefits of wetlands has helped establish a variety of programs to protect 
them. These programs have reduced the rate of conversion of wetlands to other 
uses, but we still have not achieved a no-net-loss status that is our national policy. 

Coastal zones are critical environmental areas because they combine environ- 
mental sensitivity and development pressures. During the past three decades, fed- 
erally supported state CZM programs have increased land use planning and man- 
agement in these areas with mixed success. Some states, like California and 
Maryland, have developed effective programs that may inform other state and 
local governments. 
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Land Use, Wildlife Habitats, 

and Biodiversity 

Approaches to wildlife management have evolved during the past 40 years. For 

decades, management focused on “indicator” species, usually sport and com- 

mercial species. It was assumed that if the numbers of these indicator species 

were well managed, remaining species would be in good shape. In the early 1970s, 

attention turned to threatened and endangered species as special indicator 

species. It became apparent that to manage stressed wildlife effectively required 

managing their habitats. This habitat-approach evolved into the perception that 

ALL wildlife are important as part of a larger functioning whole—the ecosystem. 

In the 1990s, ecosystem management has emerged as the organizing concept 

for managing wildlife, habitats, and biodiversity. 

Biodiversity is defined simply as the variety of life and all processes that keep 

life functioning (Keystone Center, 1991). It is studied at genetic, species, and 

ecosystem levels. Global efforts to manage biodiversity aim to arrest species extinc- 

tion and preserve intact natural ecosystems. Local efforts have traditionally 

focused on wildlands, but the last decade has seen new approaches 
to biodiversity 

of working landscapes and urban biodiversity. 

This chapter applies some of the ecological concepts discussed earlier to man- 

aging wildlife and biodiversity. The primary focus is managing wildlife, habitats, 

and biodiversity in human-modified agricultural and urbanizing landscapes. Spe- 

cial attention is given to habitat conservation planning under the Endangered 

Species Act. 

Some Fundamentals of Wildlife Habitats and Biodiversity 

A habitat is the arrangement of food, water, space, and cover (for protection, 

hiding, and reproduction) that is required by a species individual or population. 

The arrangement determines a limited number of habitat niches that animals 

fill in the ecosystem. Plant communities provide habitat food, water, and cover; 

555 



Environmental Land Use Principles and Planning Analysis 

Habitat Variable 

Plant diversit 

Vegetation height 

LSSFS | 

Bae 
| Canopy closure |e | 

eae 

Lome 
jece | 

Canopy volume Ss re Sn 
“ % nd 

. = 
=e ty “id 

Structural diversit A> Se 

Forage potential 
b 4; *%y 

Browse potential 

Animal diversit 
pag : Fas 

bar's, a 3 

vs BA LE 
oi re Re 

& . ry os: 
; fh tedy- Fs 3 

% On 
ight P 

A $ j M * ‘ 

pita t ¥ i 
ort Ni ited 

5} wot 1.8 
© al gmt 

33% 
i. LETT cer alee 

4 5 6 
Youn Mature Old 

growth 

Figure 17.1 Forest Successional Stages and Their Relationship to Habitat Variables. Source: USDA, Forest Service. 
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therefore, the plant community type is used to define the type of habitat. 

Habitat types are defined by plant associations (e.g., woodland, wetland, meadow, 

pond) and dominant plant species (e.g., pine, oak-hickory). 

Although a plant community type is a unique combination of plants that occur 

in an area, the community is usually defined by the dominant single species of the 

climax community, even though several community types may exist at that time. 

The plant community during succession from bare ground to the climax vegeta- 

tion passes through various successional stages, each of which may have differ- 

ent community types and thus different habitats. Figure 17.1 shows forest succes- 

sional stages and their effect on habitat attributes. 

Edges are produced where different plant communities or successional stages 

come together. Ecotones are formed where these different communities and 

stages overlap or intersperse. Edges and ecotones exhibit attributes of different 

communities and thus can provide greater plant diversity, more habitat niches, 

and greater habitat richness (or a greater number of wildlife species residing in an 

area). Figure 17.2 (1) shows that wildlife adapted to plant community A are likely 

to spill over to ecotone C, where A’s influence extends into community B; likewise 

wildlife of community B will likely spill over into ecotone D (2). In addition, there 

may be species particularly adapted to the combined ecotone E (3). 

Although edges can enhance diversity, wildlife need core or interior habitat 

for sufficient protected space and cover. Reduction and fragmentation of core 

habitat has the greatest impact on urban wildlife. Core habitat, edge buffers, and 

corridors connecting cores are essential habitat elements in agricultural and 

urbanizing areas (see figure 17.4). Water is a key for habitat vitality and richness 

not only as a primary need of wildlife, but also for the unique vegetative types, 
increased edges, and special habitats that occur near water bodies. This riparian 
habitat zone also provides distinct microclimates and migratory corridors for 
wildlife. 
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Figure 17.2 Edges, Ecotones, and Species Richness 

The shelter and reproductive requirements of wildlife are enhanced by the 

presence of potential nesting and den areas. In terrestrial habitats, dead stand- 

ing trees (snags), dead and downed logs in various stages of decay, cliffs, caves or 

talus, and broken up rocks at the base of steep slopes provide these habitat ele- 

ments. In aquatic habitats, pools, underwater live and dead vegetation, and 

spawning gravels are important elements. 

Habitat Cores, Corridors, Connectivity, and Fragmentation 

Wildlife studies in agricultural and urbanizing landscapes show that perhaps the 

major landscape change impacting the viability of wildlife is habitat fragmenta- 

tion. This is the incremental conversion of natural areas to other uses, reducing 

and isolating core habitats. Landscape ecology principles have proven very useful 

in understanding and responding to these impacts. Recall from chapter 16 that 

landscape ecology views the landscape as a matrix (dominant land use), patches 

(isolated vegetative types or habitats), corridors (natural or induced linear areas 

that link patches), and mosaic or structure (the overall collection of patches 

and corridors in the landscape). Figure 17.3 shows agricultural and urban 

matrixes. 

Patches need to be large enough to provide interior or core habitat. For many 

species, interior habitat begins to develop about 150 feet from the patch edge. 

Habitat fragmentation reduces the capacity of a landscape to support healthy 

wildlife populations by diminishing original habitat, reducing patch size, increas- 

ing edge, increasing isolation of patches, and modifying 
natural changes or distur- 

bances (e.g., fire suppression). Individual effects such as these may be small, but 

they are cumulative over time and can easily add up to major impacts (USDA, 

NRCS, 1999). 
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Figure 17.3 Landscape Elements in Agricultural Matrix Landscape Scale and Urban Matrix 
Stream Corridor Scale. Source: FISRWG (1998). 

Connectivity becomes a critical issue when movements across landscapes become 

constricted by fragmentation. In unaltered landscape, natural species movements 

and ecological pathways provide connectivity. When wildland is fragmented by land 

conversion to development or agriculture, habitats lose their capacity to provide eco- 

logical pathways (Scott and Allen, undated). Beier and Loe (1992) list the functions 

of corridors: “Corridors provide avenues along which (1) wide ranging animals can 

travel, migrate, and meet mates...(2) plants can propagate...(3) genetic inter- 

change can occur... (4) populations can respond to environmental change... [and] 

(5) locally extirpated populations can be replaced from other areas.” 
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Figure 17.4 Habitat Core, Buffers, and Corridors. Source: USDA, NRCS (1999). 

In response to problems of habitat fragmentation, landscape ecologists and 

wildlife managers have recognized the need to preserve and connect core habitats. 

Figure 17.4 defines some of the basic elements of wildlife habitat management in 

agricultural and urbanizing landscapes. The core reserve is the key element, pro- 

viding essential space and cover for wildlife. But the effectiveness of core reserves 

is greatly reduced if they are encroached on or isolated by agriculture or develop- 

ment. Patches need to be large enough to provide interior or core habitat. Interior 

habitat begins to develop about 150 feet from the patch edge, although some 

species require a much larger buffer. Buffers gradually change habitat conditions 

from the core reserve to surrounding land use. Corridors provide secure habitat 

conditions for wildlife migration from one core reserve to another. Figure 17.5 illus- 

trates landscapes with high and low degrees of connectivity. 

Scott and Allen (undated) argue that effective corridors must provide “func- 

tional connectivity.” This includes not only opportunities for movement, but also 

the contribution to (1) population parameters (€.g., growth rate, demographics, 

genetic structure) and (2) ecological processes (e.g., flows of water and nutrients, 

trophic/species interactions, recovery from disturbance). Corridor needs are 

species dependent. Remnant or remaining natural corridors are more effective at 

providing these functions than introduced corridors. Figure 17.6 illustrates that 

simply “squaring up” fields can enlarge both patches and corrido
rs while increas- 

ing farming efficiency. 

Anumber of landscape planning principles for managing habitat are illus
trated in 

figure 17.7. These apply to both urbanizing and agricultural landscapes. Patches 

need to be as large as possible, connected, unified, redundant, and near to one 

another. Corridors should be continuous, wide as possible, redundant, and reflective 

of natural and historic conditions. Landscape structure needs to be horizontally and 

vertically diverse and incorporate native vegetation and the matrix other than 

patches and corridors also needs to be managed with wildli
fe in mind (USDA, NRCS, 

1999). 



Figure 17.5 Landscapes with High and Low Levels of Connectivity. Connected landscape 
provides enhanced ecological functions over fragmented landscapes. Source: FISRWG (1998). 

Figure 17.6 Squaring Up Farm Fields Can Enlarge Patches and Corridors While Increasing 
Farm Efficiency. Source: USDA, NRCS (1999). 
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Figure 17.7 Wildlife Planning Principles for Patches, Corridors, Matrix, and Structure. Source: USDA, NRCS (1999). 
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Functional Connectivity and Habitat Restoration 

Although these simple concepts are very useful in assessing habitat change and 

planning for protection and restoration, providing effective habitats in a complex 

ecosystem is not quite so simple. Planners and wildlife specialists may be quick to 

include patches and corridors, but they rarely assess whether these linkages are 

optimal or even sufficient for all species, much less for the ecosystem processes 

needed to sustain them. All corridors are not the same. Some species need more 

corridor than others. Rather than define wildlife movement by corridors, it may be 

more prudent to define it by: (1) the forces and motivation creating species’ need 

to move, (2) the possible avenues of movement, and (3) the target or destination of 

movement. There are cases where the combination of motivation and target over- 

whelms the obstacles of pathway, just as there may be cases where a lack of moti- 

vation keeps wildlife out of suitable corridors (Scott and Allen, undated). 

Scott and Allen (undated) describe several factors that can impede movement 

and functional connectivity even when corridors exist: 

1. Intrinsic characteristics of the corridor (e.g., corridor habitat is inade- 

quate or too heterogeneous to provide unbroken pathways) 

2. Diversity of species using corridors (most corridors are justified by large 

mammal movement, even though fragmentation is more devastating 

for smaller species and plants) 

3. Fragmentation, which alters patterns of ecosystem dynamics 

4. Altered patterns of movement (corridors replace unbroken regions, 

and thus may alter movement and adversely impact viability) 

5. Inadequate corridor width (width is important but does not determine 

functions) 

6. Reliance on introduced rather than remnant corridors 

These factors should be considered in habitat restoration undertaken in 

response to habitat damage. Most wildlife restoration efforts are “passive,” that is, 

habitat is re-created or restored to enhance the natural capacity of wildlife popula- 

tions to grow and colonize unoccupied areas. Restoration is often done as mitiga- 

tion for destroyed habitat in an exchange of acres gained for acres lost. “Active” 

wildlife restoration involves active manipulation of wildlife movement and demog- 
raphy. Passive approaches are less costly, but they rely on the premise that wildlife 
will migrate to new habitat conditions (“build it and they will come”). However, 
this may not always be the case, and habitat restoration is an uncertain means for 

recovering wildlife populations (Scott, Wehtje, and Wehtje, 2001). 

Passive wildlife restoration assumes that animals (and therefore other popula- 
tions) will flow down a gradient of density from surrounding habitats onto restora- 
tion sites. This is based on island biogeography theory (MacArthur and Wilson, 
1967) and habitat patches (Diamond, 1975; Forman and Godron, 1986), which 
consider patches like islands in a hostile sea of human-dominated landscapes 
(Scott et al., 2001). Distance, connectivity, and island or patch size will determine 
migration. Impediments to movement occur at the landscape scale (the mosaic of 
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patches of varying size, age class, and plant species) and the species scale (motiva- 

tion, movement needs). 

Habitat restoration must be planned to maximize the potential for colonization 

in challenged landscapes. The probability of restoration site colonization depends 

on proximity of the site to the target species’ geographic distribution, the size of the 

site relative to species’ needs, the level of patch isolation, and the social or behav- 

ioral characteristics of the species. Although evaluating colonization potential of a 

target species is difficult, evaluating ecosystem restoration is far more complex. It 

requires a regional perspective and coordination of restoration projects (Scott 

et al., 2001). 

Another critical issue in habitat restoration is invasive or exotic species. 

These species, especially plants, destroy more habitat each year in the United 

“ States than urban growth. The U.S. Fish and Wildlife Service estimates that 

4,600 acres of habitat are lost each day to invasive species. Removing and manag- 

ing these invaders is a major component of restoration work (Interagency Work- 

group on Wetland Restoration [[WWR], 2002). 

Habitat Inventories and Evaluation 

An important part of planning for wildlife and biodiversity is the inventory and 

evaluation of habitats. These range from simple to very complex studies, depend- 

ing on needs and resources. Habitat assessment and evaluation are useful for 

management planning, impact assessment, and mitigation. They can compare the 

habitat value at different locations at the same point in time (e.g., today) or at the 

same location at different times (e.g., five years ago and today). Generally, evalu- 

ation procedures are based on two principles: (1) the habitat has a carrying 

capacity to support wildlife populations, and (2) the suitability of a habitat for a 

species can be based on its vegetative, physical, and chemical conditions. Assess- 

ment techniques include simple wildlife inventories, GAP analysis, the qualitative 

species-habitat matrix, indicator species studies, and diversity and habitat indices. 

More detailed ecological studies are necessary for habitat conservation plans, dis- 

cussed in the next section. 

Habitat inventories can be very useful at a variety of planning scales. They 

can be used to “red flag” areas of concern to be considered in land use and devel- 

opment. The inventories simply identify species and groups of organisms and spe- 

cial natural areas and display the information on a series of maps in which symbols 

and numbers identify species, habitats, and habitat use. (See box 17.1.) 

GAP analysis is a “coarse-filter” assessment of the conservation status and 

potential for species in a region or watershed. It is based on vegetation communi- 

ties, but also considers land ownership and management practice. The analysis 

produces a species richness map, which highlights areas with high biodiversity 

potential, and a GAP map, which compares this potential with existing conserva- 

tion management practice, showing a “gap” in the protection of wildlife (USDA, 

NRCS, 1999). Box 17.2 gives a procedure for GAP analysis (see also figure 10.3). 

Habitat evaluation procedures generally use an indicator species or a habi- 

tat or diversity index. 



BOX 17.1—Data Needs for Wildlife and Habitat Inventories 

Wildlife Species Data Needs Wildlife Habitat Data Needs 

= Wildlife present in the planning area = GAP data (where available) 

=» Nongame species a Existing vegetation 

=» Game species « Historical vegetation 

=» Threatened and endangered species (federal = Wildlife species/plant communities relationships 

and state listed species) = Land cover types i 

= GAP data (where available) = Land ownership 

» Vulnerable populations of a species Habitat features 

= Historical species (once present but no longer Patches with high biodiversity 

reside in the watershed) Patches with vulnerable populations 

« Population characteristics for species of concern —_= Migration and dispersal corridors 

=» Culturally important species (especially those = Special areas (e.g., calving sites) 

tied to Native Americans or valuable to limited —__= Potential habitats 

income groups for subsistence) = Species ranges for species of concern 

» Water availability and historical hydrology 

Source: USDA, NRCS (1999). 

BOX 17.2—Procedure for GAP Analysis Process 

Species Richness Map as U.S. Fish and Wildlife Service (FWS) 

1. Determine those species that occur in the refuges managed for recreational uses and 
region that are of concern or interest. Bureau of Land Management (BLM) areas of .._ 

2. Collect and compile habitat relationship and critical environmental concern. 
occurrence data for those species. 4. Assign a management status of 3 to areas 

3. Create a map of where the habitats occur in that are prevented from being permanently 
the region based on existing vegetation. developed, including most BLM and USFS 

4. Overlay the wildlife habitat data with the lands. 
habitat map to determine areas of rich 5. Assign a management status of 4 to private 

species diversity. and public lands not managed for natural 
conditions. 

GAP Map (see figure 10.3) 6. Overlay this map with the habitat relation- 
ship data to determine habitats that are 

offered the least protection in the region, 

with status 1 lands providing the highest 
protection. 

1. Prepare a general land ownership map that 

classifies lands into public and private owner- 

ship. 

2. Assign a management status of 1 to areas that 

are managed for wildlife, such as wildlife 

refuges, Nature Conservancy lands, and so on. 

3. Assign a management status of 2 to areas 

that are managed for natural conditions such Source: USDA, NRCS (1999). 
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Indicator Species 

An indicator species is an organism whose presence or absence, population density 

or dispersion, or reproductive success can indicate habitat conditions that are too 

difficult to measure for other species (Federal Interagency Stream Restoration 

Working Group [FISRWG], 1998). Indicator species are used to indicate effects of 

contamination, population trends, and habitat quality. The assumption is that ifthe 

habitat is suitable for the indicator species, it is suitable for others. However, each 

species is different in its habitat needs and habitat niche, so the effectiveness of 

indicator species to fully represent a wide range of species and habitats is limited. 

If an indicator species is used, care should be taken so that: 

= It is sensitive to and responds directly to changes in environmental attri- 

butes of concern, such as water quality or habitat fragmentation. For 

example, high-profile game species (e.g., bear or elk) are usually not good 

indicators of habitat quality since their populations are affected by hunt- 

ing mortality that can mask environmental effects. 

= It has a larger home range and population density than other species to 

ease measurement. For example, rare and endangered species have spe- 

cial importance, but they are not good indicators because they are diffi- 

cult and expensive to measure. 

Habitat Limiting Factors and Management Prescriptions 

The Natural Resources Conservation Service (NRCS), in conjunction with its 

Wildlife Habitat Management Institute and the Wildlife Habitat Council, has pre- 

pared a number of fish and wildlife habitat leaflets to assist in evaluation and man- 

agement of habitats for specific species. They outline a procedure for assessing habi- 

tat elements compared to a formulated list of habitat requirements for the species. 

Diversity Indices 

Biological diversity measures species abundance and variety in an area. It is mea- 

sured at different levels of complexity depending on the objectives of the study: 

genetic, population/species, community/ecosystem, and landscape (Noss and 

Cooperrider, 1994), the latter three being most appropriate for environmental 

planning. In addition to overall diversity, studies often focus on subsets of habitats, 

such as native species, rare species, habitat guilds (species having common habi- 

tats, like cave dwellers), or taxonomic groups (€.g., amphibians, breeding birds) 

(FISRWG, 1998). 

Diversity is usually measured at a defined scale: a single community (so-called 

alpha diversity), across community boundaries (beta diversity), or in large 

areas with many communities (gamma diversity). While planning for alpha 

diversity may increase localized diversity, Noss and Harris (1986) suggest that this 

may create a less diverse regional or gamma diversity. They recommend that diver- 

sity studies and wildlife habitat plans have a landscape context even when focus- 

ing on a specific community. 
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Richness indices are the most widely used diversity measures. They measure 

the number of species or the number of species divided by the overall population. 

Abundance measures account for the evenness of distribution of species. Other 

measures are based on proportional abundance and combine richness and 

evenness. Applying diversity indices to species subsets can enhance their effec- 

tiveness. For example, Pielou (1975) suggests three indices for terrestrial ecosys- 

tems: plant diversity, habitat diversity, and local rarity. 

Habitat Suitability Index (HSI) 

The HSI is a species-specific measure of suitability based on a habitat’s vegetative, 

physical, and chemical characteristics. The index ranges from 0 (unsuitable) to 1 

(optimum habitat). HSI models have been developed for-different species by the 

U.S. FWS. A basic unit used is the habitat unit (HU), which aims to integrate habi- 

tat quantity and quality. It is defined as follows: 

HU = AREA x HSI 

where HU is the number of habitat units (in units of area) 

AREA is the areal extent of the habitat 

HSI is the Habitat Suitability Index 

Habitat evaluation can assess change in HUs over time or as a result of some 

negative action, such as a land development proposal, or a positive action, like a 

habitat restoration project (FISRWG, 1998). 

Conservation Corridor Planning in Rural Areas 

In rural areas, there is a relative abundance of core wildlife habitats, but agricul- 

tural, transportation, and resource development activities cause their fragmenta- 

tion and isolation. As a result, efforts to enhance rural habitats have focused on 

protecting, maintaining, and establishing conservation corridors that connect 

patches and core habitats (USDA, NRCS, 1999). 

Principles of Conservation Corridor Planning 

Corridors provide substantial benefits for wildlife by increasing habitat area and 
connectivity. Corridors that connect with each other and adjacent patches facili- 
tate immigration and colonization of wildlife. They provide access to wildlife needs 
including food, water, and cover. Connected landscapes provide improved ecologi- 
cal functions and thereby increase the diversity of niches and species richness. In 
addition to wildlife benefits, corridors have recreation, education, and aesthetic 
value, as well as erosion and stormwater control, energy conservation, and 

enhanced property values (USDA, NRCS, 1999), 
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Habitat: Corridors can provide permanent or transitional habitat 
for many species. 

Conduit: Corridors are conduits, conveying energy, water, 
nutrients, seeds, and organisms. Wildlife use this conduit to 

migrate to breeding or birthing sites and to extend their home 
range to find food and water. 

Filter/Barrier: Corridors intercept wind and wind-blown particles, 
water, nutrients, genes, and animals. They filter out sediments 
and pollutants from runoff. Artificial corridors like highways and 
canals act as a negative barrier to wildlife movement. 

Sink: Corridors receive and retain materials that originate in the 
surrounding matrix, such as soil, water, seeds, and chemicals. 

Source: Corridors release materials into the adjacent matrix, 

including insects, vegetation seeds, and animals. 

Corridor Structure: Corridor width, edge-to-interior ratio, length, plant community, and 

connectivity determine how well it functions. 

Edge-to-Interior Ratio 

Figure 17.8 Corridor Functions and Structure. Source: USDA, NRCS (1999). 

Corridors provide a number of ecological functions, illustrated in figure 17.8: 

habitat, conduit, filter/barrier, sink, and source. In addition, the structure of the 

corridor, including its width, connectivity, and plant community architecture, 

determines its ecological and aesthetic value. 

Process and Tools for Conservation Corridor Planning 

In rural landscapes, a tiered approach to conservation corridor planning provides 

consideration of gamma level diversity through areawide or watershed scale plan- 

ning and alpha level diversity planning at the property, parcel, or farm conserva- 

tion plan scale. Figure 17.9 illustrates an areawide network of conservation cor- 

ridors. Box 17.3 gives a planning process for areawide conservation planning, and 
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Figure 17.9 Areawide Network of Interconnected Riparian and Upland Corridors. Source: USDA, 

NRCS (1999). 

box 17.4 gives the site-scale conservation planning process. Both of these are var- 

iations of our basic environmental planning process given in box 2.1. 

Urban Biodiversity and Wildlife Management 

Through the late 1970s and 1980s, increasing interest in urban wildlife issues 

developed. On the one hand, people began to appreciate nature, and the presence 

of wildlife was a kind reminder of their connection to the environment. On the 

other hand, it became increasingly apparent that certain species adapted quite well 

to the urban environment, and there was a need to not only attract but also manage 

wildlife populations (Adams and Dove, 1989; Leedy, Maestro, and Franklin, 1978). 

More recently this interest in urban wildlife has broadened to encompass 

urban biodiversity. This apparent oxymoron has come into vogue for two rea- 

sons: (1) Studies have shown urban areas often contain more biological diversity 

than their surrounding farmland, and (2) remaining natural areas in cities provide 

not only habitat for many species but also treasures to a human populous that 

increasingly values natural surroundings. Although the context for urban biodi- 

versity is far different from wildland and rural biodiversity, many of the same prin- 

ciples and approaches apply. 



Land Use, Wildlife Habitats, and Biodiversity * 

BOX 17.3—Areawide /Watershed Scale Conservation Corridor Planning Process 

Preplanning: Assess preconditions; identify 

stakeholders; generate local support; orga- 

nize interdisciplinary, interagency, 

public/private planning team; establish trust 

among stakeholders .~” 

Step 1: Delineate study area, identify resource 

problems, and determine data needs. 

Step 2: Develop a vision statement, and deter- 

Step 4: Analyze resource data. 

Step 5: Formulate landscape scale alternatives 

and evaluate them based on goals and 

objectives and compatibility with watershed 

resources and local values. 

Step 6: Select a plan. 
Step 7: Implement the plan. 

Step 8: Evaluate plan effectiveness. 

mine goals and objectives. 
Step 3: Inventory resources at appropriate scale. Source: USDA, NRCS (1999). 

~ 

However, successful protection and restoration of urban biodiversity and the 

benefits it provides both people and wildlife depend on the integration of biodiver- 

sity objectives with other compatible programs for environmental management, 

recreation, and natural hazard mitigation. The following discussion reviews urban 

wildlife planning and focuses on the challenges of urban biodiversity. 

Urban Wildlife Planning 

The main challenge of urban wildlife planning is providing habitat needs, espe- 

cially of wildlife not well adapted to urban environments. The basic needs of 

wildlife discussed earlier include food, water, cover, and space for breeding and 

group territories, all of which are constrained in urban areas. Although natural 

areas and habitats exist in urban areas, including parks and open space, fringe 

area woodlands and fields, and wetlands, lakes and streams, they are highly frag- 

mented by urban roads and land development. 

BOX 17.4—Site-Scale Conservation Corridor Planning Process 

resources, habitat functions, and 

potential habitat and new plantings 

into a synthesis map layer. 

Preplanning: Assess preconditions and planning 

resource materials. 

Phase 1: Collection and Analysis at Conservation 

Plan Scale 

Step 1: Identify problems and opportunities. 

Step 2: Determine objectives. 

Step 3: Inventory resources. 

Step 4: Analyze resources. 

Phase 2: Decision Support at the Conservation 

Plan Scale 

Step 5: Formulate alternatives: Integrate 

map layers on existing habitat 

Step 6: Evaluate alternatives. 

Step 7: Make decisions. 

Step 8: Implement plan. 

Step 9: Evaluate plan. 

Source: USDA, NRCS (1999). 
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Urban wildlife habitat planning and management aims to provide core habitat 

as patches in the urban matrix, buffers between core habitat and urban uses, and 

connecting corridors. Edge habitats benefit only certain species (e.g., opossums, 

raccoons, skunks, cowbirds, red-tailéd hawks, white-tailed deer, and northern car- 

dinals) often at the expense of interior habitat species. Most wildlife species inhab- 

iting edges are considered habitat generalists. Interior core habitat is generally 

unaffected by its edge and is necessary for certain interior species like bobcats, 

wood thrushes, bobolinks, and ovenbirds (Barnes, 1999). 

Scale is an important factor in providing core habitat. Landscapes of less than 

250 acres support only a limited set of species and may not be large enough to 

include a diversity of habitat patches. Smaller animals may thrive, but medium- 

sized animals are compromised, and large animals are usually rare or transient. A 

landscape of interconnected patches of 250 to 12,000 acres begins to be large 

enough to support populations of medium-size animals such as coyotes, bobcats, 

and hawks. At this size, the region may encompass the variety of habitats these ani- 

mals need to live and reproduce. Landscapes greater than 12,000 acres begin to 

protect ecosystem integrity and function. These large areas may be included in a 

large regional park or wildlife preserve that is part of a metropolitan wildlife plan. 

As discussed earlier, connecting corridors are critical for wildlife in fragmented 

landscapes like urban areas. Wildlife planners have learned to focus on corridors, 

but these efforts have a number of common failings, as shown in the following list. 

Common Failings in Designing Corridors 

to Provide Connectivity 

» A homogenous corridor is assumed to provide connectivity for a heteroge- 

neous array of species and ecosystem functions. 

» A proposed corridor transects a highly heterogeneous landscape in a 

manner that may restrict use, often because pathways are blocked by 

unsuitable habitats. 

« The level of habitat degradation affects the capacity of a proposed corri- 

dor to support species movement. 

« The width or length of proposed corridors fail to provide eat tee path- 

ways for movement. 

= The degree of permeability across the landscape matrix approaches the 

permeability of a wildlife corridor. 

» Limited funds and time demand that each land acquisition has the maxi- 

mum functional significance to populations and ecosystems, and pro- 

posed corridors are judged in isolation (Source: USDA, NRCS, 1999). 

An urban wildlife conservation program begins by minimizing negative habitat 
impacts from development and continues by providing permanent protection of 
important habitat core patches, buffer areas, and corridors. Several methods of 
development practice designed to reduce or mitigate environmental and natural 
hazard impacts discussed in previous chapters (e.g., stormwater, soil erosion, 
landslides, flooding, nonpoint source pollution, tree canopy, etc.) are very compat- 
ible with habitat mitigation. For example, cluster development aims to group 
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development on portions of the site most favorable to building while leaving the 

remainder preserved as open space. This can both preserve habitat and reduce 

other environmental impacts. The following list gives some guidelines for urban 

development sensitive to wildlife. 

Guidelines to Reduce Impacts of Urban Development 

on Wildlife 

» Before development, maximize open space and protect the most valuable 

wildlife habitat by placing buildings on less important portions of the site. 

= Design stormwater controls like bioretention and constructed wetlands to 

benefit wildlife. 

» Retain and plant native plants that have value for wildlife as well as aes- 

thetic appeal. 

= Provide habitat-enhancing elements like bird-feeding stations and nest 

boxes for cavity-nesting birds. 

= Educate residents about wildlife conservation and provide opportunities 

for wildlife observation, such as a nature trail through open space 

(Source:Barnes, 1999). 

However, reducing impacts is not sufficient because project-by-project develop- 

ment can incrementally consume and isolate core habitats. Fragmentation can 

only be arrested by more proactive wildlife planning on a landscape scale, requir- 

ing permanent habitat and corridor protection through land acquisition, conser- 

vation easements, habitat restoration, and other means. 

Urban Biodiversity 

Efforts to manage urban biodiversity aim to minimize and mitigate those impacts, 

protect and connect remaining habitats, and restore damaged natural areas. Many 

communities across the United States have been engaged in urban biodiversity 

conservation, whether they call it that or not. Programs for watershed protection 

and restoration, urban forestry, green infrastructure, parks and recreation, con- 

servation design, and stormwater management have their own objectives, but if 

done appropriately, they can also advance the core objectives of urban biodiversity. 

A good example of an urban biodiversity program is the Chicago Wilderness, 

a partnership of 68 community and environmental organizations, private firms, 

and local, state, and federal agencies dedicated to enhancing the Chicago region’s 

biodiversity. Its foundation is 200,000 acres of protected conservation land, some 

of the largest and best surviving woodlands, wetlands, and prairies in the Midwest 

(see figure 17.10). In addition to these lands and a larger matrix of public and pri- 

vate lands that support nature, the Wilderness purposely includes as prominent 

members the people of the region who protect and live compatibly with it. These 

lands are documented in the Chicago Wilderness Atlas of Biodiversity, and the 

program’s Biodiversity Recovery Plan is “both a plan and a process” that sets out 

eight biodiversity and public involvement goals and strategies to achieve them. 

The program’s intent is that the plan be a living document to evolve during the 
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Figure 17.10 Protected Land in the Chicago Wilderness Region. Source: Chicago Wilderness, An Atlas of Biodiversity. Used 
with permission. 

long-term effort of biodiversity recovery (Chicago Wilderness, 1999). The goals 

include the following: 0 

» Preserve more land with existing or potential benefits for biodiversity. 

» Manage more land to protect and restore biodiversity. 

» Protect high-quality streams and lakes through watershed planning and 

mitigation of harmful activities to conserve aquatic biodiversity. 

» Continue and expand research and monitoring. 

« Apply both public and private resources more extensively and effectively 

to inform the region’s citizens of their natural heritage and what must be 
done to protect it. 
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« Adopt local and regional development policies that reflect the need to 

restore and maintain biodiversity. © 

Randolph and Bryant (2002) explored issues of urban biodiversity in a study of 

the highly urbanized Holmes Run/Cameron Run watershed in Fairfax County, 

Falls Church, and Alexandria (VA) (see figures 17.11 and 11.19). The watershed is 

about 40 percent impervious surface and no portion of the landscape has escaped 

significant alteration. The areas that appear “natural” are highly fragmented in 

most cases, affected by various pollutants and stormwater flows, and filled with 

exotic species. The study identified some important issues of urban biodiversity: 

1. Protecting what’s left: Offsetting some of these assaults on biotic 

integrity is the fact that a significant portion of the riparian corridor in 

the watershed is in public ownership or protection, due in part to its 

designation as a Resource Protection Area (RPA) by the Chesapeake 

Bay Preservation Act. The Holmes Run/Cameron Run case study sug- 

gests that, although such highly urbanized settings lack the biodiversity 

of urban fringe and wildland settings, the ecological and sociological 

functions of remnant natural areas are still important, perhaps more 

important because there is so little left. 

2. Managing exotic and native species: In such a landscape, invasive and 

exotic species are rampant. Bradshaw (1999) notes that, although the 

original ecosystems of city centers have largely been destroyed, cities 

still harbor a great diversity of life due to nature’s ability to exploit every 

possible opportunity. These ecological niches are often subject to physi- 

cal conditions that are more harsh than those found outside the city. 

The result is that generalist species are favored, and invasive exotic 

species often have a competitive advantage. Wildland biodiversity pro- 

tection aims to prevent and eradicate non-native invasive species. In 

urban areas where non-native species are pervasive, a different 

approach is warranted. Efforts to protect and restore native species are 

important in urban areas, but elimination of exotic species is a financial 

and practical impossibility in most cases. 

3. Balancing urban core versus suburbs, the value of near nature, and 

Smart Growth management: Smart Growth management strategies 

aim to contain urban development in areas of existing and planned 

infrastructure, to infill, redevelop, and revitalize existing communities, 

and to prevent sprawl that impacts outlying greenfields, habitats, and 

working landscapes. What does this emphasis imply for urban biodiver- 

sity? Does Smart Growth sacrifice urban core open space and biodiver- 

sity for the sake of enhanced ex-urban biodiversity? On a regional level, 

Smart Growth’s urban containment may protect and enhance subur- 

ban or exurban biodiversity, but its infill development may put addi- 

tional pressure on remaining urban patches and corridors, reducing 

habitat potential in the urban core. Although biodiversity is limited in 

the core, such areas still need to provide parks and protect floodplains 

and riparian corridors that have habitat value. Urban redevelopment, 

Wi 
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Figure 17.11 Key Elements of Urban Biodiversity in the Highly Urbanized Holmes Run 
Watershed. Source: Bryant et al. (2003). 

also a part of Smart Growth, can offer opportunities to incorporate con- 

servation designs to enhance biodiversity. 

4. Engaging stakeholders: Enhancing urban biodiversity requires engage- 

ment of researchers, property owners, citizen groups, educational orga- 

nizations, and local agencies. As a result, it needs to engage a con- 

stituency to help set priorities, gather data through volunteer 

monitoring, educate the community, and ultimately act on the informa- 

tion through land conservation and stewardship. Enhancing urban bio- 

diversity requires a commitment; and it is this constituency who can 

communicate the community value of biodiversity treasures in the polit- 

ical process. The Chicago Wilderness program is an excellent example. 

. Integrating objectives, tools, and programs: Few communities will dedi- 

cate large financial resources to biodiversity protection. However, signifi- 

cant resources are available for a variety of local, federal, and state pro- 

grams, the objectives of which are very compatible with urban biodiversity 

protection. These include water quality protection, stormwater manage- 

ment, floodplain management, stream restoration, parks and recreation, 

urban forestry, and greenway creation, among others. The regulatory and 
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nonregulatory tools used by these programs are also appropriate for urban 

biodiversity protection. They include overlay zoning, stormwater ordi- 

nances, land acquisition, conservation easements, education programs, 

and others. By partnering with these programs, urban biodiversity can be 

advanced with little or no additional financial investment. 

Endangered Species and Habitat Conservation Planning 

The federal Endangered Species Act (ESA) of 1973 established legal require- 

ments for the protection of threatened species and set in motion a complex pro- 

“gram for identifying, listing, and preserving endangered species and their habitats. 

The U.S. FWS and National Marine Fisheries Service (NMFS) (for marine 

species) manage the variety of ESA programs. Most states also administer state 

laws protecting such species. In the 1980s, The Nature Conservancy (TNC) 

established the National Diversity Information Program, which had operations in 

each state. The program aimed to identify locations of the habitats of unique 

species so that their disturbance could be avoided. The classification of special 

species contains several categories that are given in box 17.5. Included are the fed- 

eral and state classifications, which have legal requirements, and state and global 

ranks, which do not. 

Most states took over operation of the National Diversity program in the late 

1980s. State Natural Heritage agencies maintain lists and locations of special, 

species habitats by jurisdiction. In Virginia and other states, lists are available on 

the Internet (see table 17.1 and the following website: http://www:state.va.us/ 

~dcr/dnh/coindex.htm). Mapped locations for individual species are not provided 

as public record, mainly to protect the habitat. Generalized statewide distribution 

maps of rare plants, animals, and communities are available. 

Table 17.1 gives a partial list of the 74 specially classified species and communi- 

ties in Montgomery County, Virginia. This long list, typical for most localities, 

underscores the need to be sensitive to the legal and conservation needs of threat- 

ened species in the process of land use and development. 

Conservation Tools of ESA and Habitat Conservation Planning 

Box 17.6 shows the status of nearly 45,000 ranked species and the variety of pro- 

gram tools that have developed under ESA. Under the 1973 ESA (Section 9), any 

“take” of a classified species or its habitat on public or private land is illegal. Recov- 

ery plans and their implementation agreements are developed by FWS and NMFS 

for listed endangered species. As the number of species on the federal lists grew, 

many became concerned that this provision would preclude any development in 

certain urban areas or resource development in natural areas, especially since it 

was estimated that 90 percent of endangered species habitats are at least partially 

on private land (General Accounting Office, 1994). In addition, the law focused on 

listed species and had few proactive elements to manage species and habitats to 

prevent their being listed. 



Federal Status 

The standard abbreviations for federal endanger- 

ment developed by the U.S. FWS, Division of 

Endangered Species and Habitat Conservation. 

LE—Listed Endangered 

LT—Listed Threatened 

PE—Proposed Endangered 

PT—Proposed Threatened 

C—Candidate (formerly C1—Candidate 

category 1) 

SOC—Species of Concern (formerly C2— 

Candidate category 2) 

State Status-Virginia Example 

The Virginia Division of Natural Heritage uses sim- 

ilar abbreviations for state endangerment. 

LE—Listed Endangered 

PE—Proposed Endangered 

SC—Special Concern 

LT—Listed Threatened 

PT—Proposed Threatened 

C—Candidate State Rank 

State and Global Ranks 

The following ranks are used by state agencies to 

set protection priorities for natural heritage 

resources. These ranks should not be interpreted 

as legal designations. 

$1—Extremely rare; usually 5 or fewer popula- 

tions or occurrences in the state; or may 

be a few remaining individuals; often 

especially vulnerable to extirpation. 

S2—Very rare; usually between 5 and 20 pop- 

ulations or occurrences; or with many 

individuals in fewer occurrences; often 

susceptible to becoming extirpated. 

$3—Rare to uncommon; usually between 20 

and 100 populations or occurrences; may 

have fewer occurrences, but with a large 

BOX 17.5—Federal and State Classification of Specially Classified Species 
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number of individuals; may be suscepti- 

ble to large-scale disturbances. 

$4—Common; usually >100 populations or 

occurrences, may be fewer with many 

large populations; may be restricted to 

only a portion of the state; usually not 

susceptible to immediate threats. 

$5—Very common; demonstrably secure 

under present conditions. 

SA—Accidental in the state. 
SB—Breeding status of an igs ge within 

the state. 

SH—Historically known fom the state, but 

not verified for an extended period, usu- 

ally >15 years; this rank is used primarily 

when inventory has been attempted 

recently. 

SN—Nonbreeding status within the state. 

Usually applied to winter resident 

species. ~~ 

SU—Status uncertain, chen because of low 

search effort or cryptic nature of the ele- 

ment. 
SX—Apparently extirpated from the state. 

$Z—Long-distance migrant whose occur- 

rences during migration are too irregu- 

lar, transitory, and/or dispersed to be 

reliably identified, nage, and pro- 

tected. 

% 

Global ranks are similar, but refer to a species’ rar- 

ity throughout its total range. Global ranks are 

denoted with a “G” followed by a character. Note 

that GA and GN are not used and GX means 

apparently extinct. A “Q” in a rank indicates that a 

taxonomic question concerning that species exists. 

Ranks for subspecies are denoted with a “T.” The 

global and state ranks combined (e.g., G2/S1) give 

an instant‘grasp of a species’ known rarity. 

In response to these concerns and to make the ESA more flexible, new 
approaches for wildlife planning were developed in the 1980s and 1990s. They 
include habitat conservation planning, safe harbor agreements, candidate conser- 
vation agreements, and state conservation agreements. What has emerged is a 
complex conservation program that engages private landowners in the conserva- 
tion process, provides incentives and assurances that actions taken will not lead to 
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TABLE 17.1. Natural Heritage Resources of Montgomery County, Virginia (Some of 74 listed 
species and communities) 

Seen in 

Global State Federal State County Since 

Scientific Name Common Name Rank Rank _ Status Status 1980? 

** Amphibians ; 

Cryptobranchus Alleganiensis Hellbender G4- $283 SOC SC N 

** Communities 

Appalachian Cave Drip Pool/ G2 S2 N 

Epikarstic Comm. 

™ Fish 

Noturus Gilberti - Orangefin Madtom G2 S182 SOC LT ¥ 

** Geologic Features 

Significant Cave ve 

** Invertebrates 

Allocapnia Simmonsi Simmons’ SIndr G2G4 S1 Y 

Wintr Stnfly 

** Mammals 

Myotis Sodalis Indiana Bat G2 Sl LE LE N 

** Vascular Plants 

Buckleya Distichophylla Piratebush G2 $2 SOC LE x 

further requirements, and focuses on species and habitat conservation before 

they are listed (see box 17.6 for descriptions of these programs). 

Habitat conservation planning aims to produce plans for the conservation of 

classified species habitats while accommodating some development in the vicinity 

of the habitats. Many wildlife advocates criticize this development as a serious 

diminution of endangered species protection, but others argue that habitat con- 

servation planning is a proactive approach to species protection and that some 

accommodation of development is necessary to prevent repeal of the ESA at a time 

of increasing political interest for private property rights. 

In the early 1980s, an experimental plan was developed for San Bruno Mou
ntain, 

an economically valuable undeveloped area just south of San Francisco. The moun- 

tain was home to several classified species, including unique butterflies. The exper- 

imental plan aimed to provide preservation of the species through conservation of 

their habitat and to identify areas that could be developed with minimal impact on 

the habitat. Based on the San Bruno experience, the ESA was amended in 1982, 

and a new provision, section 10(a)(1) (B), was added to achieve more flexibility. 

The section provides that the FWS can allow land or resource development in 

the vicinity of an endangered or classified species habitat by issuing an “incidental 

take permit” if the landowner or developer has prepared a satisfactory habitat con- 

servation plan (HCP). The basic objective of the HCP is to demonstrate how the 

endangered species habitat will be conserved while allowing for land dev
elopment 

in habitat area. According to the regulations, 



BOX 17.6—Endangered Species Act Conservation Tool Continuum (44,359 total 

species ranked as of 2001) 

Species 
Status (10,244) 

At Risk, 
Of Concern, (5,000) (59) (273) (971) 

Declining Imperiled Candidate Proposed Threatened Endangered Abundant 

Conservation 

Traditional Fish and 

Wildlife Plans 

OKO a See peseneesnetat 

Habitat Conservation Plan 

Safe Harbor Agreement 

Recovery Plan 
Implementation 

Agreement 

Candidate Conservation Agreement 

Habitat Conservation Plan (HCP) (1984): 

plan for species conservation allowing for 

“incidental take” of habitat to accommodate 

species needs while allowing some develop- 

ment to continue. 

Recovery Plan (1973): plan for species popu- 

lation and habitat improvement to lead to 

delisting of endangered species. 

Safe Harbor Agreement (1999): voluntary 

arrangement between FWS/NMFS and non- 

federal landowner intending to benefit 

endangered species while giving landowners 

assurances from additional restrictions. 

Agreements must assure “net conservation 

benefit” to the species and establish baseline 

conditions that may include population or 

habitat characteristics. 

“No Surprises” Assurances (1994): under an 

HCP, landowners are assured that if “unfore- 

seen” circumstances arise, the federal gov- 

ernment will not require additional land, 

water, or other resources beyond the level 

agreed to in the HCP as long as the permit- 

tee is implementing the terms of the HCP in 

good faith. 

Candidate Conservation Agreement (CCA) 

(1999): agreements between the 

FWS/NMEFS and landowners or other partici- 

pants to provide actions to stabilize or 

restore candidate species so that listing the 

species is no longer necessary. CCA “with 

assurances” provides landowners with assur- 

ances that their efforts to stabilize or restore 

candidate species will not result in future ~~ 

regulatory obligations in excess of those in 

the CCA. 
State Conservation Agreement (emerging): 

a proactive, voluntary approach led by state 

wildlife or natural heritage agencies to 

develop partnerships among government 

agencies, nongovernment organizations and 

land trusts, and landowners, to develop 

agreements to protect precandidate species 

and ecological communities before they 

become imperiled. 

Source: |AFWA (2001). 
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an “incidental take permit” can be issued if the HCP identifies 

= impacts on endangered species, 

= measures to minimize and mitigate impacts, 

= alternatives are considered and action is justified, 

and if the plan shows that 

= taking, if any, is incidental, 

s taking will not appreciably reduce likelihood of survival, 

= applicant will minimize/mitigate to the maximum extent possible, and 

= adequate funding is assured for plan implementation. 

HCPs are not required to contribute to recovery of the listed species, but rather 

to ensure that its prospects for recovery are not reduced. Typical measures used to 

minimize and mitigate impacts of development are land acquisition (sometimes at 

another site), conservation easements, translocation of species, habitat restoration, 

removal of exotic species, and funding to support research on the species (James, 

1999). 

The following list outlines the habitat conservation planning process given in 

FWS’s HCP Handbook (1996). Key elements include engaging all stakeholders early 

in the process, gathering and analyzing biological data, projecting “take” levels, 

developing mitigation measures, and developing funding and monitoring schemes. 

The Habitat Conservation Planning Process as 

Outlined by the FWS 

I. Preplanning Process 

A. Determine the applicant 

B. Gather steering committee members—representative of all stakehold- 

ers involved 

C. Designate a neutral facilitator 

D. Consult with the FWS 

II. Plan Development 

A. Define the land area to be included in the HCP 

B. Gather biological data 

1. Determine the species to be included in the HCP 

2. Gather and review existing data 

3. Develop new data through new biological studies as needed 

C. Identify activities to be included in the HCP land area 

D. Determine the anticipated lake levels resulting from proposed activities 

E. Develop mitigation measures (the following in descending priority as 

given by FWS) 

1. Avoid the impact 

2. Minimize the impact 

3. Rectify the impact 

4. Reduce or eliminate the impact over time 

5. Compensate for impact 
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EF Develop monitoring measures for determining success and/or prob- 

lems with the HCP 

G. Plan for unforeseen circumstances and plan amendments 

H. Develop a funding scheme 'to pay for HCP and any mitigation mea- 

sures 

I. Describe alternatives considered and reasons why alternative not chosen 

III. Submit Plan for Permitting to FWS 

IV. If Permitted, Implement the Plan 

A. Implement mitigation measures 

B. Monitor 

C. Amend plan as necessary (USFWS/NMFS, 1996) 

First-Generation HCPs 

Table 17.2 gives the results of one “first-generation” HCP the well-studied 1992 

Balcones Canyon Conservation Plan (BCCP) for an area near Austin, Texas. The 

area is home to several classified species, including the black-capped vireo, the 

golden-cheeked warbler, and different karst species in the Edwards Aquifer 

region. The city, county, FWS, other public agencies, TNC, developers, and 

landowners were participants in the process. The planning process resulted in a 

preserve implementation plan including a federal wildlife refuge, acquisition of 

preserve lands, lands protected through a resolution trust corporation, and other 

public lands. Table 17.2 gives the area protected and unprotected by the plan. Just 

over half of the occupied warbler habitat is protected, about one-third of the poten- 

tial vireo habitat and one-fifth of the potential karst habitat is protected. Figure 7.5 

shows the BCCP protected lands. 

The BCCP also illustrated the costs associated with first-generation HCP 

preparation and implementation. Just preparing the plan cost $760,000 

($200,000 for biological study, $400,000 for plan preparation, and $160,000 for 

the environmental impact statement). The many stakeholders contributed funds 

for the planning studies. Land acquisition costs associated with the plan were esti- 

mated at $56 million, not including management and administrative costs. Core 

funding came from a $22 million public bond referendum that was passed by city 

and county voters. Additional funding came from a $1,500 per acre mitigation fee 

TABLE 17.2 Remaining Habitat to be Protected in the BCCP Preserve System 

Total Percentage Total Percentage 
Type of Habitat Protected Protected (%) Unprotected Unprotected (%) nate NEE ci, Soden eee Pee 1s he Mea ers See Oe IE EEE Pe ta Das A a 

Potential karst invertebrate! 9,298 acres 20% 36,070 acres 79.5 
Occupied black-capped vireo? 1,164 56.3 904 43.7 
Potential black-capped vireo? 10,503 38.9 16,475 Gla 
Golden-cheeked warbler* 13,969 36.9 23,870 63.1 ee 

Source: Smith, 1995. 
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BOX 17.7—Issues from First-Generation HCPs 

1. Extent to which habitat is protected: How 5. Costs of HCP efforts: What are equitable, effi- 

much protection is enough? cient, and acceptable means of generating the 

2. Biological adequacy of conservation mea- large revenues required? 

sures and long-term viability of habitat, 6. Time for plan preparation and approval: 

given limited knowledge: Do we really know Delays affect both development costs and 

what will happen? ~ opportunities and habitat impacts. How long 

3. Ability to promote constructive political - is this going to take? 

compromise: With a wide range of stakehold- 7. Uncertainties to landowners that new habi- 

ers, how can we make effective and acceptable tats or constraints are discovered after HCP 

decisions? investments: What surprises await? 

4. Ability to implement compromise: Can an 

agreement hold together over time? 

BOX 17.8—HCP Checklist Based on First-Generation Plans 

. Incorporate thorough biological and scientific information base. 

. Represent stakeholders. 

. Integrate HCP into local regional plans. 

. Develop long-term equitable funding. 

_ Protect simultaneously habitat for multiple species. 

- Dovetail HC with other community goals: open space, recreation, water quality. 
NuUbWhDN 

on development in the area, and a building fee surcharge on development activi- 

ties throughout the city and county. Revenues were pooled into a Habitat Mitiga- 

tion Trust Fund (Beatley, 1994). 

Box 17.7 lists several key issues concerning the adequacy and implementation 

of HCPs identified by several studies of first-generation HCP experience (Beatley, 

1994; Smith, 1995). Beatley (1994) also provides a useful checklist for future 

HCPs that may improve their effectiveness and ease of preparation and imple- 

mentation (box 17.8). 

Points 3, 4, and 5 advance the notion that HCPs should not be stand-alone 

plans, but should be integrated into regional and other local plans and should 

focus on multiple species when possible. 

"No-Surprises” Policy and Second-Generation HCPs 

By 1992, 10 years after the 1982 ESA amendments, only 14 HCPs had been pre- 

pared. Among the reasons for this low level of activity are the issues listed in box 

17.7, especially the last one. Land and resource d
evelopers believed that once they 

began the HCP process, they acknowledged the presence of endangered habitats 

and became committed to preservation at all costs. Future “surprise” information 
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could constrain any development and require unanticipated costs for species pro- 

tection. So most declined to enter into the HCP process. 

Recognizing these constraints, Bruce Babbitt, the Interior Secretary, promul- 

gated a new HCP policy in 1994, intended to remove the cloud of uncertainty from 

potential HCP activity. The “No-Surprises” policy stated that if, in the course of 

development, a landowner invests money and land to protect species covered in an 

approved HCP the government will not later require that the landowner pay more or 

provide additional land even if the needs of species change over time (Fisher, 1996). 

Some ESA advocates criticized the policy, saying that nature is full of sur- 

prises and that land and resource developers should be required to respond to 

them for the sake of endangered species. Others acknowledged that the policy 

was necessary to move the HCP process forward. It was better to engage the land 

and resource development community in proactive habitat protection planning 

than to have them sit on their hands and incrementally consume and impact 

habitats. 

If the objective was to increase-HCP activity, it worked. Between 1994 and June 

2003, FWS and NMFS approved 408 HCPs, 215 amendments, and 661 permits 

(USDI, FWS, 2003). They included collaborative HCPs like Balcones Canyon, 

involving land developers; federal, state, and local governments; environmental 

groups; and land trusts. They also included HCPs by natural resources firms for 

company-owned lands. Some case studies of newer plans showed improved qual- 

ity and content of HCPs (Slingerland, 1999). 

However, there continued to be a cry for greater scientific integrity of the plans 

and an ecological, multispecies approach rather than a single-species approach 

(Noss, O’Connell, and Murphy, 1997). In response, the National Center for Eco- 

logical Analysis and Synthesis and the American Institute of Biological Sciences 

sponsored the most comprehensive study of HCPs completed to date. The study, 

involving eight universities and 106 graduate students, reviewed 208 of the 225 

HCPs approved by 1997, 43 of which were examined in greater detail (Kareiva 

et al., 1999). The study found the following: 

1. Eighty-two percent of the HCPs focused on a single species. 

2. Many had insufficient data to support recommendations. 

3. Only half estimated species “take” quantitatively. 

4. Most provided no data that proposed mitigation measures would succeed. 

5. Only 7 of 43 plans studied in detail had a clear monitoring plan. 

The study recommended that the following steps be taken: 

1. More explicit scientific standards should be developed. 

2. When information is lacking, greater mitigation should be applied to 
provide a margin for error. 

3. Adaptive management should be employed, that is, management and 
monitoring should provide new information. 

4. The scientific community should be engaged in reviewing plans. 
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BOX 17.9—Critique of Habitat Conservation Planning That Led to California’s 

Natural Community Conservation Planning (NCCP) Act 

Criticisms of the Project-by-Project 

Approach 

Interfering with development projects impedes 

economic growth, conflicts with private prop- 
erty rights, and creates backlash against the 

endangered species laws. 
Project-by-project approach leads to patchy, ad 

hoc mitigation measures and does not prevent 

the fragmentation of habitat and ecosystems. 

Separate review of each development project 

creates costly delays, red tape, and uncertainty. 

Emphasis on individual projects is reactive and 

limits the ability to plan for species recovery or 

prevent species from declining. 
Enforcement of the “project-by-project” 

approach is contentious, often ending in costly 

court battles. 

Criticisms of the “Single-Species” 

Approach 

= Ecosystems require large areas of unfragmented 

landscapes encompassing large-scale natural 

processes and multiple habitat types (not just the 

immediate areas where the listed species live). 

= Functioning ecosystems depend on the interac- 

tions of a wide variety of plant and animal 

species, not just those that happen to be listed. 

= The single-species approach is an “emergency 

room” model that did not enforce protections 

until a given species’ habitat and populations 

are so badly eroded that recovery is difficult or 

impossible. 

Single-species conservation efforts can be 

undermined by new listings or new information 

(as occurred with the Stevens’ kangaroo rat in 

Riverside County). 

Source: Pollak (2001b). 

Natural Community Conservation Planning in California: 

Regional Conservation for Multiple Species 

In 1991, California established its own program for endangered species protec- 

tion. At the time, both conservation advocates and development interests were 

critical of habitat conservation planning under the federal ESA because it focused 

on one species and one project at a time (box 17.9). To pro
perty owners and devel- 

opers, this was burdensome, costly, and unpredictable. ‘To conservationists, this 

did not address overall needs of species and populations at risk, did not prevent 

fragmentation of habitats and ecosystems, and did not provide habitat enhance- 

ment often needed for ecosystem conservation. 

The NCCP Act of 1991 aimed to be broader, more flexible, and more pre- 

dictable than rules under the federal HCPs. The goal
 was to overcome the species- 

by-species and project-by-project approach by focusing on regional ecosystems 

and multiple species (both listed and nonlisted). It shared the HCP goal to provide 

effective conservation of the state’s wildlife heritage while continuing to allow 

appropriate development and growth. 

Although the legislative history was quite critical of the federal approach, the 

federal FWS and the Department of Interior encouraged establishment of the Cal- 
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Figure 17.12 Map of Southern California Multispecies NCCP Areas. Source: State of California DFG 
(2003a). 

ifornia program, believing it to be a useful proving ground for new approaches to 

habitat conservation that could be incorporated into the HCP process. 

The act established a pilot program in Southern California, where controversy 

raged over the HCP prepared for the kangaroo rat in Riverside County. The main 

habitat of concern was the coastal sage scrub, which is home to several endan- 

gered species and was being rapidly converted to development. At the time of the 

NCCP Act, it was estimated that about 343,000-444,000 acres of coastal sage 

scrub remained in California, only 14-18 percent of its historic extent. The coastal 
sage scrub is the habitat of a small bird, the California gnatcatcher, which was 
being considered for state and federal listing of endangered species. It was feared 
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TABLE 17.3 Comparative Data for Two Completed NCCPs 

Orange County Central- 

Coastal NCCP San Diego MSCP 
a en ee eS

 

Date Approved April-97 August-98 

Planning Area 209,000 acres 582,243 acres 

Acres of Habitat in Planning Area 104,000 acres 315,940 acres 

Acres of Habitat to be Conserved 37,378 acres 171,920 acres 

Percent of Habitat to be Conserved 36% 54% 

Percent of Conserved Habitat Already Publicly 

Owned or Dedicated at Time of Plan Adoption* 88% 48% 

Percentage of Coastal Sage Scrub to be Protected 55% 62% 

Total Additional Land Needing Protection at 

Time of Plan Adoption 750 acres 90,170 acres 

Plan’s Projection of Land Acquisition Costs $8-9 million $262-360 million 

Local Government Share 750 acres 13,500 acres 

State and Federal Share n/a 13,500 acres 

Developer Mitigation/Exaction Share** Up to $7.5 million** 63,170 acres 

Number of Species Covered 39 85 
MAE EO eo eee a 

*In Orange County, includes lands designated for future dedication under existing development agreements. 

**The Orange County plan imposes coastal sage scrub mitigation fees on nonparticipating landowners that can be used 

to fund land acquisition or habitat management. This could generate revenues of up to $7.5 million. 

this species could provoke a “birds vs. economy” conflict like the northern spotted 

owl in the Pacific Northwest. Its fate was also seen as an indicator of conflicts to 

come as Southern California’s many diverse habitats became imperiled (see box 

17.10) (Pollak, 2001a). This regional landscape seemed ideal for testing a regional 

multispecies approach. 

The pilot program has been ambitious and complex, with a goal of reconciling 

the needs of ecosystems with development pressure in a highly urbanized 6,000- 

square-mile area containing a human population of 17.5 million. The pilot called 

for several subplanning areas shown in figure 17.12. Two of these plans were com- 

pleted by 2001: the Orange County Central-Coast NCCP (1996) and the San 

Diego Multispecies Conservation Plan (MSCP) (1997). Planning efforts continue 

(see http://www.dfg.ca.gov/necp/cssreg.htm). 

Table 17.3 gives some relevant data for the two completed p
lans. The San Diego 

MSCP is more comprehensive in terms of planning area, habitat area, areas need- 

ing protection, species covered, and total cost (see figure 17. 13). Land acquisition 

costs for implementation of the San Diego MSCP are estimated to be about 

$1/3 billion. Orange County and San Diego County plans are truly multispecies 

and regional in coverage. The Orange County NCCP has 200,000 acres and 

39 species, of which 15 are listed. The San Diego County MSCP has 800,000 acres 

and 85 species, of which 31 are listed. 

The cost of plan implementation is considerable, but California voters have 

supported the NCCP process. In 2000, they passed Proposition 12, the Safe 

Neighborhood Parks, Clean Water, Clean Air, and Coastal Protection Bond Act, 

wt 
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Figure 17.13 San Diego MSCP Conservation Targets. Source: State of California DFG (2003b). — 

which included $100 million that may be appropriated by the Legislature to the 

Wildlife Conservation Board for the acquisition of land for NCCP plans (the full 

$100 million was subsequently appropriated in the 2000-01 budget). In addition, © 

the Act provided $50 million for the Department of Parks and Recreation to 

acquire lands “that are a high priority for both the state parks system and for habi- 

tat purposes, with priority given to projects that protect habitat for rare, threat- 

ened, or endangered species pursuant to a natural community conservation plan.” 

(Pollak, 2001a) ¥ 

Daniel Pollak of the California Research Bureau prepared an evaluation of the 

NCCP process through 2001 at the request of Senator Byron Sher. Based on a his- 

torical review of the legislative history, development of the program and the two 

completed plans, the two-part study outlined achievements of the process to date, 

conclusions and lessons from the completed plans, and recommendations for 

future NCCPs (Pollak, 2001a, 2001b). 

Pollak (2001b) identified four important achievements of the process in moving 

beyond the limitations of single-species, project-by-project conservation: 



he California gnatcatcher has served as the 

: “poster child” of the state’s great experi- 

ment in ecosystem conservation. Although 

the 1991 NCCP Act aimed to broaden the single- 

species, project-by-project. approach of federal 

habitat conservation planning to a multispecies 

and regional ecosystem approach, the gnat- 

catcher served as a reminder that a single threat- 

ened species and its protecting rules remain the 

regulatory backbone of conservation efforts. The 

NCCP program floundered in its first few years as 

a result of political’ conflict between the many 

stakeholders in conservation and development. 

The controversy came to a head when the state 

Fish and Game Commission declined to list the Cal- 

ifornia gnatcatcher on its threatened and endan- 

gered list in 1993. Many thought this would dimin- 

ish the clout of any NCCP in the coastal sage scrub 

pilot program. However, in March 1993, Interior 

Secretary Bruce Babbitt announced that the gnat- 

catcher would be listed as threatened under the 

federal ESA. Under section 4(d) of the ESA, the U.S. 

BOX 17.10—The California Gnatcatcher: Much Ado About a Little Bird 
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FWS has great latitude to develop special regula- 

tions for species listed as “threatened,” and Babbitt 

stated that rules issued under section 4(d) would 

mesh the listing with the NCCP process. The take of 

gnatcatchers would be allowed as long as the take 

resulted from activities conducted in accordance 

with NCCP plans. During the interim period of plan 

development, the take would be allowed as long as 

it was in accordance with conservation guidelines 

developed by the NCCP Scientific Review Panel. In 

its August 1993 guidelines, the NCCP Panel rec- 

ommended that loss of coastal sage scrub in the 

planning region be limited to 5 percent of the exist- 

ing habitat during the planning process. This was 

formally adopted as federal policy when the final 

4(d) rule for the gnatcatcher was published in 

December 1993 (see the following table). 

The 4(d) rule did much to diffuse tension about 

the NCCP program, and the rule turned out to be 

one of the definitive events in the evolution of the 

NCCP pilot program. Interior Secretary Babbitt 

viewed the compromise as having national impor- 

tance: “We have to be able to point to one com- 

munity and prove they were able to, from start to 

finish, protect both a species and the local econ- 

omy.... This may become an example of what must 

be done across the country if we are to avoid the 

environmental and economic train wrecks we've 

seen in the last decade” (Pollak, 2001a, p. 25). 

The gnatcatcher 4(d) rule also put the federal 

government squarely in the center of the NCCP 

process. The U.S. FWS would hold the regulatory 

“hammer” and would become more intimately 

involved in plan development and approval. The 

new federal role also carried the promise of more 

federal funding, further bolstering optimism 

about the program. 

Source: Pollak (2001a). 

Interim Loss of Coastal Sage Scrub Under the Federal Gnatca
tcher 4(d) Rule 

County Coastal Sage Maximum Allowable CSS Loss Allowable Future 

Scrub (CSS) CSS Loss (5%) to Date CSS Loss 

Los Angeles 1,292 ie OS Sys 6 

Orange 30,125 1,506 1,064 442 

San Diego 120,327 6,016 1,472 4,544 

Riverside 162,031 8,102 593 7,509 

TOTAL 313,735 15,687 3,186 12,501 
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» Forward-looking planning. The NCCP process has encouraged planners 

to develop plans that look ahead for many years, addressing regional habi- 

tat conservation needs in relation to future growth and development, 

rather than simply reacting to a series of species versus development 

crises. 

= Large, interconnected reserve areas. The NCCP process has resulted in 

large habitat reserves with large blocks of habitat that strive to preserve or 

restore connectivity across a fragmented landscape. The reserves are 

based on comprehensive planning on a long-term, regional ecosystem 

scale, taking into account dozens of species, both listed and unlisted, and 

a variety of habitats. 

Framework for collaboration. The NCCP approach has created a frame- 

work for collaboration and brought to bear the energies and resources of 

many participants who would not normally work together. Development 

interests have modified project plans, contributed funding, or agreed on 

mitigation of development impacts. 

Regulatory streamlining and improved certainty. Local governments and 

landowners have received incidental take authorizations for a wide vari- 

ety of species, including species not yet listed as endangered. Under the 

NCCP approach, the permit holders and beneficiaries will have a more 

streamlined approval process, and assurances barring or limiting addi- 

tional regulatory requirements. 

Pollak (2001b) also noted issues that continue to plague the effectiveness in the 

NCCP process. 

Recurring Issues in the NCCP Program 

« The timing conundrum: To protect imperiled resources that could be lost 

without timely action, NCCP plans require a great deal of scientific data 

and knowledge that takes time and effort to gather. 

Never enough knowledge: There will always be insufficient baseline data 

and understanding about many key ecosystem variables, such as the size, 

demography, distribution, and genetic variability of populations, and of 

causal processes governing population sizes and ecosystem functioning. 

Decisions without standards: NCCPs will be forced to make decisions 

about plan design and incidental take with incomplete scientific informa- 
tion, standards, or criteria. 

Intersection of habitats and development pressures: Every place where an 
NCCP approach is applied will be where there are serious human threats 
to the ecosystems. 

Stakeholders grow impatient or dissatisfied: Developers and localities 
want reliable regulatory assurances, and conservation advocates will 

want strong, clearly defined habitat protection. 

Complex plans require long-term compliance and monitoring. 
Extensive long-term funding is required for implementation, land acqui- 
sition, and adaptive management. 
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= Adaptive management and monitoring are critical to offset limitations in 

existing knowledge. Few managers know how to monitor necessary 

resources, let alone adaptively manage them. 

Finally, Pollak (2001b) provides recommendations for future NCCP activities, 

which are relevant to all wildlife planning and management: 

a Invest up front in strong resource assessments. 

« Establish clear standards for species coverage. What standards should be 

met to consider that a species is adequately conserved? 

= Consider linking assurances to risks and conservation measures. For 

example, perhaps a species at high risk, or a species about which little is 

known, should not be the subject of a 75-year “No Surprises” guarantee 

without strong, guaranteed conservation measures. Regulatory assur- 

ances should be stronger when the permit holders are able to “front-load” 

their plans’ funding and conservation measures. 

Improve oversight and accountability. NCCP plans need reliable, coordi- 

nated oversight and enforcement to ensure that the many parties to these 

complex agreements fulfill their commitments. 

Strengthen confidence in the assurances. The NCCP program must main- 

tain the confidence of regulated parties that they will benefit from regula- 

tory streamlining and certainty. 

» Address interim development impacts. Given how long the NCCP process 

takes, what should be done to ensure that interim development projects 

do not compromise the resources needed for successful NCCP plans? 

« Realistically assess the capabilities of adaptive management. To what 

extent can adaptive management rectify gaps in our current knowledge 

or overcome mistakes in our initial plan design? 

Implement monitoring and adaptive management. How should monitor- 

ing and adaptive management be funded and coordinated? How can we 

more effectively ensure that it will be carried out in an effective and expe- 

ditious manner? 

ummary 

Land use planning for wildlife conservation and biodiversity has taken on new 

meaning in recent years, with increased attention in both urban and agricultural 

landscapes. Landscape ecology has contributed greatly to understanding the basic 

building blocks and management tools for habitat protection. Habitat core patches 

and functional corridors can help arrest the habitat fragmentation in converted 

landscapes, and retain or restore wildlife habitats. 

Implementation of the federal Endangered Species Act through habitat conser- 

vation planning has led to collaborative efforts to analyze and protect threatened 

habitats. The Natural Community Conservation Planning program in California is 
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developing multispecies and regional ecosystem approaches. Still, much improve- 

ment is needed in conservation planning to meet complex and competing objec- 

tives of financial and implementation feasibility, scientific reliability, and stake- 

holder acceptability. 

As interest in protecting natural areas in urban settings continues to increase, 

conflicts between habitat conservation and development pressures and property 

values will escalate. Lessons from habitat planning for listed species, especially as 

they are applied to multiple species in a regional context, will inform other com- 

munities wishing to enhance their urban biodiversity. 



Integration Methods for 

Environmental Land Analysis 

The preceding chapters addressed principles of soils, geology, hydrology, and ecol- 

ogy and how they affect and are affected by human use of the land. For example, 

certain soils are well suited for human-built structures, whereas others lack the 

necessary strength, are susceptible to movement, or have superior alternative 

value for agriculture. Some land areas are susceptible to geologic hazards due to 

slope, instability, subsidence, or seismic activity; others are prone to flooding or 

provide important aquifer recharge or watershed value. And certain land areas 

have important ecological features, including productive wildlife habitats or val- 

ued aesthetic qualities. One primary objective of environmental land use planning 

and management is to consider these natural factors in planning, designing, and 

regulating land development to avoid construction and damage costs and to pro- 

tect productive and valued natural systems. This chapter reviews some useful 

methods to integrate these considerations for use in decision making. 

The environmental land inventory involves gathering and usually mapping 

4 number of natural and often socioeconomic factors that have a bearing on land 

use. The inventory information can be displayed on hand-drawn maps or be 

entered into a computer data set of a GIS. The inventory itself can help guide 

development, or the information can be further analyzed. Rapid assessment is 

a term given to initial data gathering, usually at a general or coarse scale, from 

readily available information and secondary sources. Like environmental invento- 

ries, there is little analysis but some interpretation, and products take the form of 

hand-drawn or rudimentary maps and preliminary reports. 

Land suitability analysis combines inventory information to produce com- 

posite maps that display the relative suitability for a specific use (in siting studies) 

or a number of uses (in comprehensive planning). Both hand-drawn maps (using 

transparent overlays) and GIS maps can be used for land suitability analysis. 

These techniques are closely related; in fact, one builds on the other. Inventories 

can stand alone or serve as the database for GIS and land suitability studies. 

Human carrying capacity studies aim to determine the level or impact of 

human population that an area can support based on natural (e.g., land area, soils, 

591 
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etc.) and/or socioeconomic factors (e.g., water or sewer capacity). Variations of the 

carrying capacity model are used in “ecological footprint” studies and Limits of 

Acceptable Change studies for wilderness area management. Environmental 

impact assessment is a well-used technique for forecasting impacts associated 

with project development; it has many practical applications in the assessment of 

land use and development. Finally, build-out analysis is a form of impact assess- 

ment that is useful to portray visually the implications of full implementation of 

community land use plans and zoning ordinances. Figure 18.1 shows the potential 

relationships among these land analysis methods. 

The Environmental Inventory 

The environmental land inventory has become a routine task in land use planning. 

There are four objectives of the inventory: 

a. to provide a useful display of land information in maps; 

b. to “red flag” areas of concern for planners, citizens, landowners, and 

developers; 

c. to provide base data for siting and environmental impact studies; and 

d. to provide input for GISs and land suitability analysis. 

Typically, an inventory simply maps spatial information with little or no evaluation 

of the information. The components of the inventory will vary with the area being 

studied, its conditions, and planning objectives. Generally, maps are included on soils 

and geologic conditions or limitations, slope and elevation, watersheds and flooding 

potential, vegetation and habitats, and other natural factors. In addition, the inven- 

tory often includes information on the built environment such as land use, trans- 

portation systems, land ownership, storm and sanitary sewerage, and so on, and cul- 

tural information like historic and archaeological sites. : 

The data displayed in an environmental inventory comes primarily from avail- 

able sources, sometimes with interpretation and analysis. The previous chapters 

outlined a number of procedures for interpreting specific sources to produce 

inventory maps. Those sources include topographic maps, aerial photographs, soil 

surveys, geologic maps, floodplain maps, vegetation and habitat maps, and other 

locally produced maps and studies. Sometimes field studies may be necessary to 

validate the map information. Computer-based inventories can utilize Landsat 

digital imagery and other remote sensing as source information. 

The inventory information can be displayed on hand produced maps or, if it is in 
digital form, used in a GIS from which maps can be produced. A GIS can facilitate 
updating, analyzing, and aggregating the inventory information. 

The usefulness of the inventory depends not only on the completeness and 
accuracy of the information but on the quality of the graphic presentation. Useful 
maps should do more than simply display data; information should jump out at the 
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Geology 
Soils 
Topography 

Vegetation 
Wetlands Photos — 

Land Use/ Environmental 
Land Cover Data Inventory 

Raw or interpretive 
Socio- maps of base info 
Economic Data e.g., slope map 

soils suitability 
flood plain map 

Habitats watersheds 
Land Condition vegetation 

habitats 

Figure 18.1 Potential Relationship of Environmental Land Analysis Methods 

TABLE 18.1 

Sensitive Areas” 

Computer 

Cartographic 
Modeling 

Build-Out Analysis 
Environmental 
Impact Assessment 

Carrying Capacity 
Analysis Geographic 

Information 
System 

Land Suitability 
Analysis 

Factors Inventoried in “Growth Management for Blacksburg’s Environmental 

Sources of Information 

I. ENVIRONMENTAL INVENTORY 

Base Map 

Elevation 

Slope 

Geologic Hazards 

Watersheds, Floodplains, and Stormwater 

Drainage Capacity 

Erosion Potential 

Suitability of Soils for Septic Tanks 

Suitability of Soils for Agriculture 

Vegetation and Habitats of Specially Classified Species 

Historic Sites 

Visual Resources: Corridors, Viewsheds 

II. LAND USE AND GROWTH POTENTIAL 

Generalized Land Use 

Zoning 

Blacksburg Land Use Plan 

Major Land Owners; Properties with Use-Value Assessment, 

Agricultural Districts 

Sewer Availability 

Land Development Potential 

Uses 7 1/2’ Quad Map 

derived from USGS Quad 

derived from USGS Quad 

USGS 7 1/2’ Geologic Map 

FEMA Floodplain Maps, Blacksburg 

PW. Dept. 

SCS Soil Survey 

SCS Soil Survey 

SCS Soil Survey 

1”-200’ Aerial Photos; Natural 

Diversity Prog. 

Town Historic Inventory 

Field Study 

Town data 

Zoning ordinance 

Comprehensive Plan 

County, Town data 

Public Works Dept. 

Interpreted 

wr A O Ws 
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Soil Suitability for 
Agriculture 

Prime 

Good 

Poor 

Unsuitable 

| Primarily Developed 

5 mi, | mi. 

Town of Blacksburg 
and Open Soils.dwz \} 

Figure 18.2 Examples from Blacksburg’s Environmental Inventory. Sources: Anderson et al. 
(1981), Town of Blacksburg (2001). 

map user. Line weights, textures, colors, symbols, and text should be carefully cho- 

sen to provide emphasis, order, and readability. Major factors should be shown in 

the strongest colors or tones. For example, a critique of the map in figure 18.2a is 

that the color for prime land is too close to the color for unsuitable, and therefore it 

is hard to distinquish them. Maps should not try to present too much information. 

The following describes a few environmental inventory studies to illustrate the 

types of information gathered, the variety of data displays, and the use of the 
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Geologic Features 
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Sensitive Karst Area 
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Figure 18.2 (continued) 

inventory. An example of how an environmental inventory can be used in the 

development of a community comprehensive plan is given in chapter 7. 

Blacksburg, Virginia. In 1981, the Town of Blacksburg, a rural college town of 

30,000, conducted an environmental inventory in hopes of integrating informa- 

tion on “environmentally sensitive” areas into its growth management pro- 

gram. These were defined as (a) areas having environmental value (e.g., impor- 

tant habitats, prime agricultural soils, scenic areas) and (b) areas posing a natural 
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Percent of Impervious Cover 
by Subwatershed 

Less than 5% 

5% - 9.9% 

10% - 19.9% 

20% - 24.9% \ 

25% or Greater ; 8 - Upper Raritan- 
9 - Lower Raritan 3 is) 3 6 Miles 

Watershed Management Areas E*)  40- Millstone OB CBS 

Figure 18.3 Two Environmental Inventory Products for the Raritan Watershed. Source: RBWMP (2002). 

hazard to development (e.g., floodplains, steep slopes). In addition, the inventory 

included certain socioeconomic factors that reflected or created development 

pressures so that “environmentally critical” areas—those environmentally 

sensitive areas subject to development pressure—could be identified. In addition, 

the inventory was used to determine how well the town could accommodate 

future growth while protecting environmentally sensitive areas (Anderson, Conn, 

Loeks, and Randolph, 1981). Table 18.1 lists the maps produced as part of the 

inventory and the sources of information. Figure 18.2a and 18.2b illustrates two 

recent updates of the original maps, one showing soil suitability for agriculture, the 

other geologic features, fault lines, and karst areas. 
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Septic Systems Per Acre 
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Figure 18.3 (continued) 

One of the Blacksburg maps was an inventory composite, which combined 

information from several maps. The map indicates areas of steep slopes and flood- 

plains, areas with severe limitations to septic systems, and areas sewered or within 

easy sewer access. The acreage of currently sewered areas not subject to slope or 

flooding hazards was computed from the map and was found to well exceed the 

acreage required to accommodate even high projections of population growth. 

The report recommended a number of options the town could use to manage 

growth to protect environmentally sensitive areas, including encouraging infill 

development in existing sewered areas. In particular the consultants suggested 

that developers conduct a predesign environmental assessment to alert them- 

selves and town planners to potential problems. 
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The town incorporated much of the study’s information into its subsequent 

comprehensive planning. The inventory has had lasting value as it was used for 

baseline environmental data in Blacksburg’s award-winning 1996 Comprehensive 

Plan, discussed in chapter 7. 

Raritan Basin, New Jersey. The Raritan Basin Watershed Management Project 

(RBWMP) produced seven technical and two background reports to characterize 

and assess the 1,100-square-mile basin. Factors included in the inventory 

included soils, elevation, waters, water quality, riparian areas, wetlands, flood- 

plains, land use, impervious cover, groundwater recharge areas, septic system 

inventory, and others. The information served as the basis for a land suitability 

study discussed in the next section. Figure 18.3 shows inventory maps for imper- 

vious cover and septic systems per acre (RBWMP 2002). 

Rapid Assessment 

Rapid assessment was introduced in chapters:11 and 16. Sometimes referred to as 

“quick and dirty” and “back of the envelope” assessment, the goal of rapid assess- 

ment is to get a sufficient picture of the situation so that some action can be taken 

or plans for intermediate or advanced assessment can be made. Rapid assessment 

taps readily available information from secondary sources, like maps, photos, and 

Internet sources. It usually provides little analysis, although interpretation is nec- 

essary if it serves as a basis for action. Products include hand-drawn or rudimen- 

tary GIS maps, lists, and preliminary reports. 

There are several applications of rapid assessment. Chapter 10 discussed rapid 

watershed assessment, an approach developed for watershed groups by the Center 

for Watershed Protection. Chapter 16 described rapid ecological assessment used 

by The Nature Conservancy (TNC) to develop a quick sense of ecological protec- 

tion problems and opportunities in developing regions (Sayre et al., 2000). 

TNC’s Center for Compatible Economic Development (CCED) developed the 

Pathways program to build community initiatives for compatible economic devel- 

opment (CCED, 1998). TNC defines “compatible development” as the “produc- 

tion of goods and services, the creation and maintenance of businesses, and the 

pursuit of land uses that conserve the environment, enhance the local economy 

and achieve community goals.” The Pathways process shows that rapid assess- 

ment plays a very important role. 

The rapid assessment is done in three parts: environment, community, and 

economy. Box 18.1 gives the steps involved in the environmental assessment. It 
begins with a base map and a brief natural history of the area studies. Environ- 
mental inventories are conducted of natural resources, ecosystem communities, 

and plant and animal species. Priority lists are made for resources, communities, 
and species based on suggested criteria. Finally, perceived threats to the environ- 
ment are interpreted from the assessment. 

The procedures for the community and economic rapid assessments are simi- 
lar, although the information gathered is different. Based on the assessment, local 



Integration Methods for Environmental Land Analysis : 

BOX 18.1—Steps Involved in The Nature Conservancy’s Rapid 

Environmental Assessment 

Rapid Environmental Assessment Checklist for Ranking Environmental 

Elements: pf 

Be 

3. 

Secure abase map. _ 

Prepare a brief natural history. 

Identify renewable natural resources: 

Surface water, groundwater, air, forests, 

grasslands, farmland, fisheries, wildlife 

. Identify natural communities and 

Renewable natural resources: scope of distri- 

bution, abundance of resource; value to eco- 

logical health and well-being; importance or 

potential importance to the economy; ecolog- 

ical functions (e.g., salt marsh serves as nurs- 

ery for fish; wetlands help control flooding); 

other importance (e.g., aesthetic or cultural) 

Natural communities: high-quality example 

of the natural community; rarity of natural 

community type; potential contribution to 

larger-scale environmental integrity; scope 

or abundance of distribution; other impor- 

tance (e.g., aesthetic or cultural) 

Animal and plant species: rarity of the 

species; quality of the local occurrence; impor- 

tance for recreational uses; importance or 

potential importance for the economy; other 

importance (e.g., aesthetical or cultural) 

ecosystems. 

Forest, grassland, desert, mountain, subter- 
ranean, beach and dune, marsh and estuary, 

wetland, aquatic 

5. Identify species of animals and plants. 

Animals: mammals, migratory birds, resident 

birds, fish, reptiles, amphibians, arthropods 

(insects, spiders, crustaceans), other inverte- 

brates (mollusks, sponges, worms) 

Plants: trees, shrubs, wildflowers, grasses 

and sedges, ferns, mosses, and liverworts 

6. List the highest priority elements of the envi- 

ronment. 

7. \dentify threats to the environment. Source: TNC (1999). 

community groups are prepared to articulate community threats, opportunities, 

and visions; to set priorities; and to formulate action plans. 

Land Capability and Suitability Analysis 

Although environmental land inventories and rapid assessments can aid land plan- 

ning without extensive analysis, the ability to combine information on different vari- 

ables enhances their usefulness. For example, maps displaying locations of different 

natural hazards such as flooding, shrink/swell soils, steep slopes, and karst areas can 

be combined to show a composite of all natural hazards. Areas can be rated as poor, 

fair, or good for development based on the combination of hazards present. This 

composite or combination approach is the basis of land suitability studies. 

Abasic assumption of such studies is that land has an intrinsic suitability for par- 

ticular land uses that can be determined by combining information on individual 

factors. The objective of land suitability analysis is to determine the appropriate 
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locations for certain uses based on those intrinsic characteristics (McHarg, 1969). 

The appropriate location is determined by identifying the land’s natural features 

that indicate the vulnerability of certain areas to impact or damage as a result of 

development (e.g., habitats, resources, aesthetic values, erosion, slope stability), 

and those features that indicate the attractiveness of certain areas for development 

(e.g., absence of natural hazards, good soils for foundations, permeable soils for 

septic systems, road access, etc.). The analysis may involve information on natural 

features and information on the built environment such as proximity to highways 

and railroads, areas served by sewers and water, and existing land use. 

Strictly speaking, a distinction can be made between land capability and land 

suitability. Capability refers to the physical capacity of the land to support devel- 

opment whereas suitability refers to the physical capacity plus the social accept- 

ability and economic feasibility of development. It is often difficult to distinguish 

between capacity and acceptability, however, so related studies, whether they go 

beyond natural factors or not, are often called suitability studies. 

Land suitability studies involve different approaches, but some general character- 

istics apply to all. All involve the display of land information in individual maps and 

combine the information by overlaying the maps either by hand or in a GIS to forma 

composite. That composite map can present several possible results depending on 

the objectives of the study. Usually, it will identify the areas most attractive for a par- 

ticular use. 

Land suitability procedures can be applied to siting studies and compre- 

hensive planning. The objective of siting studies is to identify the best location 

for a specific use, such as a park, a landfill, a shopping center, a powerline, or a 

power plant. By combining in some fashion the maps containing information 

deemed important to that use, a composite can be produced to show the most suit- 

able alternative locations. The composite for a park might combine maps on vege- 

tation, unique habitats, slope, existing roads, and so on; for a landfill, it might com- 

bine maps on soils, slope, floodplains, existing land use, and other factors. 

Alternatively, the goal may be to develop a comprehensive plan identifying 

the most suitable locations for a variety of land uses, such as housing, commercial 

and industrial development, and open space. A composite map is made for each 

use, again combining the factors perceived as important to each, perhaps based on 

public or agency criteria. These resulting composite maps can likewise be overlaid 

to identify areas suitable for more than one use, thus identifying potential land use 
conflicts. The final land use plan may be based on the composite as modified by 
certain social, economic, or environmental issues that were not part of the map- 

ping procedure. 

Methods of Combination 

The basic procedure used in most land suitability studies is the same—determine 
objectives and data needs, develop inventory and data maps, and combine them to 
form a composite. However, several variations are worthy of description and com- 
parison. The following discussion below, drawn heavily from Hopkins (1977), out- 
lines these variations and some concerns and gives examples of their use. 
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Gestalt Method 

The Gestalt method of land suitability determination is different from the other 

methods in that it does not rely on the combination of specific factors to form a 

composite. Instead, using aerial photographs or site surveys, it divides the area 

under study into homogeneous units and implicitly specifies the units’ relative 

suitability for a particular use. The method assumes that the nature of the land 

can be described by its “Gestalt” or total appearance. The technique of terrain 

analysis developed by Douglas Way (1978) is essentially a Gestalt method. Using 

aerial photographs, Way’s procedure identifies the landform of the area under 

study and, using drainage characteristics, texture, tone, and other parameters 

interpreted from the photographs, divides the area into homogeneous units. Using 

rules of thumb, the procedure implicitly assigns the suitability of these units for 

development. 

The disadvantage of this method is that it is implicit, relying entirely on the per- 

ceptions, judgment, and experience of the analyst. The results may be difficult to 

explain, validate, or justify. But the technique is simple, essentially letting the pic- 

ture of the land determine its use; fundamental constraints for development can 

be identified. 

Ordinal Combination Method 

The ordinal combination method involves simple nonweighted overlays. Maps of 

specific factors such as slope, soils, and vegetation, are divided into classes of sim- 

ilar conditions or value (e.g., >15% slope). For a specific land use, a factor class 

may pose certain problems or opportunities for development. The classes are 

rated against one another in terms of their suitability for the specific use being 

investigated, and this suitability is indicated by a shade of gray or color. The darker 

the shade, the less suitable is the factor class for that use. After this is done for all 

the factors, transparent overlays of each factor map are produced. A composite 

made by overlaying these transparencies will show areas suitable for development 

in light shades and areas less suitable in dark shades. 

Ian McHarg popularized this technique in several notable land suitability 

studies in the 1960s, including the Richmond Parkway Study and the Twin 

Cities Metropolitan Area Study. In the Twin Cities Study, for example, McHarg 

and his associates used factors of geology, slope, and soils to determine the suit- 

ability for residential development. Factor values (e.g., classes of slope) were 

ranked according to their suitability for residential construction; those most 

suitable were specified for higher-density development, those less suitable for 

lower density. A composite of the three factors identified areas suitable for vari- 

ous residential densities. 

Until GIS came into use for many of the combination procedures, this hand- 

drawn overlay technique was the most used land suitability method. It has two 

inherent problems, however. First, it adds together factors influencing land suit- 

ability, assuming they are of equal importance, when in fact one may be more 

important to a particular use than another. Second, the ordinal method assumes 
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that individual factors are completely independent. However, some factors may 

act synergistically, combining to form limitations or values greater than the simple 

sum of their individual effects. For example, the occurrence of certain slope, soils, 

and underlying geologic materials together can result in severe slope stability prob- 

lems. But simply adding the individual effects of these values might not show such 

a severe limitation. 

Linear Combination Method 

The linear combination method for land suitability analysis attempts to solve one 

of the problems of the ordinal combination method by weighting factors by their 

relative importance. The method uses numbers to denote the relative suitability of 

factor classes and also to denote the relative importance of factors to the land use 

under question. By multiplying factor value numbers by the factor weights, com- 

mensurate scores can be assigned to each factor value. By “overlaying” factor 

maps a composite number can be determined for each distinct area by simply 



Integration Methods for Environmental Land Analysis = 603 

Land Area By Development Suitability Rankir 

No Suitability Data 
5,355.93 acres 

Most Suited 
yeas acres 

Land in the Upper Raritan Watershed Management Ari 
is suited to the pertinent elernents of community 
development in the following proportions: 

No Suitability Data: 1.79% 
Least Suited: 53.59% 

Moderately Suited: 38.07% 
MostSuited: 6.55% 

(1 Subwatershed boundary 

“S/ Strearns 

© Lakes 

Development Suitability 

88 Most suited to development: None of the six 
component layers have "Severe" ratings 
for a given grid cell 

Moderately suited to development: One to three 
component layers have "Severe" ratings 
for a given grid cell 

GB Least suited to development: Four to six 
component layers have "Severe" ratings 
for a given grid cell. 

Scale is 1: 250,000 
WM ONo suitability data: water feature or made land 

Figure 18.5 Development Soil Suitability Map for the Raritan Watershed. Source: RBWMP (2002). 

adding the weighted factor scores. While numerical overlays can be done by hand, 

they work especially well in GIS land suitability analysis. Hand-produced overlays 

can incorporate only a limited number of factors, but computer GIS-based quanti- 

tative linear combination can accommodate a large number of factors. Ease of use 

permits iterative combinations using different weights to show the sensitivity of 

the analysis to the weights assigned (see figure 11.15). 

Intermediate Factor Combination Method 

The linear combination method, though very useful, does not solve the factor 

interdependence problem. The intermediate factor combination method aims to 

do this by initially combining interactive factors (e.g., slope, soils, and geology) into 

intermediate interpretive maps (e.g., slope stability). These interpretive maps are 

then used in the same way factor maps are used in the linear combination method. 
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Examples of Land Suitability Analysis 

Figures 18.4 and 18.5 illustrate two product maps from recent land suitability proj- 

ects. The first is an example from California’s comprehensive housing suitability 

analysis conducted to identify development projections and constraints through 

2020 (California Department of Housing and Community Development, 2000). 

In addition to assessing housing needs, the study mapped physical and environ- 

mental constraints, including flood-prone areas, steep slopes, water features, wet- 

lands, and prime farmlands. Developable lands were those undeveloped lands that 

were free of those constraints. This analysis was done for each county, and figure 

18.4 gives the suitability map for Santa Clara County. This map is a constraint map 

in which limiting factors for development are shown directly on the map rather 

than being combined to show a development rating. This is often preferred in suit- 

ability studies so that the reviewer can see where specific constraints are located. 

See CHCD (2000) for several other examples. 

Figure 18.5 gives a composite map showing development suitability based on 

soils factors in the Raritan Basin Watershed. Six soils factors, including ratings for 

foundations, roads, septic system drainfields, and lawns and landscapes, were 

mapped and overlayed to produce the development suitability map. The ordinal 

combination did not weight the factors. Development suitability was rated based 

on the number of soils factors that had a severe rating. According to this analysis, 

only 7 percent of the watershed is “most suited” to development (no severe rating 

for any of the six factors), 38 percent is “moderately suited” (severe rating for one 

to three of the factors), and 54 percent is “least suited” (severe rating for four to six 

of the factors) (RBWMP 2002). 

Human Carrying Capacity Studies ; 

Assessment of an area’s carrying capacity is a land analysis approach related to land 

suitability. Carrying capacity was first applied to wildlife and range management; 

capacity was defined as the maximum population of a particular species that a habi- 

tat can accommodate (Dasmann, 1964). As introduced in chapter 16, carrying 

capacity involves the level of population or development that can be sustained in an 
area without adversely affecting that area beyond an acceptable level. It is charac- 
terized by the asymptote of the S-shaped growth curve shown in figure 18.6a. 

The shape of the growth curve is based on environmental resistances the popu- 
lation confronts during its growth. For natural populations, the resistances relate 
to losses due to factors like predation, disease, and competition for food. For 
human populations, they relate to costs of development, costs to offset the adverse 
effects of development, costs of adding infrastructure (e.g., water supply), public 
opposition, and controls on development. Theoretically, the resistances are ini- 
tially small, and there is increasing growth early; but as population grows, environ- 
mental resistances increase and greater resources are required to overcome them, 
Growth slows as resources required for the next increment of growth increase, 
until growth stops when the costs of obtaining the next increment is greater than 
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the benefits of growth it allows. In natural systems, uncertainty and innovation 

resulting from adaptation and succession act to modify carrying capacity (figure 

18.6b). In human systems, technological innovation can change the capacity for 

growth (figure 18.6d). 

In natural systems, the resources expended to overcome resistances for the sake 

of growth are generated internally, and thus growth rates are usually self-regulated. 

However, in human systems, the costs can also come from external sources (e.g., 

subsidies for water and sewage systems), and these do not act to regulate growth. In 

addition, the human system does not depend on the natural system for survival. As a 

result, human population often grows beyond the carrying capacity without incur- 

ring the costs of growth and causes deterioration of the environment. Thus, human 

carrying capacity must be socially determined, and growth must be socially con- 

‘trolled if deterioration beyond an acceptable level is to be avoided (see figure 18.6c). 

A variety of limiting factors can be investigated in carrying capacity studies 

depending on‘local conditions. Factors that can determine an area’s carrying 

capacity or ability to support growth include total land area, soil limitations for sep- 

tic systems, sewer capacity, stormwater drainage capacity, water supply capacity, air 

quality and meteorological conditions, water quality, visual quality, even school or 

hospital capacity. 

The application of the carrying capacity concept in managing human systems 

hinges on two determinations: first, the level of adverse effect that is “unaccept- 

able,” and second, the threshold of population or development at which that level 

is reached. The approach is complicated by two considerations. The first is that 

determining what is “unacceptable,” that is, what a community is willing to put up 

with in terms of the effects of population growth, is largely based on the values of 

the community. Thus determining the human carrying capacity, although it is 

based on certain scientific information, is ultimately a judgmental act, requiring 

community involvement through the planning and political process.! The Sanibel 

Island case (see sidebar) shows that even when a community tries to base a popu- 

lation threshold on environmental and infrastructure factors, it is determined 

more by political negotiation than by technical information. 

1. The case of Los Angeles offers a nice example of the concepts of human carrying 

capacity. A number of natural factors in the LA area affect its capacity to support human 

population. In the early part of this century, water supply was a limiting factor to growth, 

which determined a level of carrying capacity. Through intervention, however, increasing 

amounts of water were imported into the basin, elevating that limit and increasing growth 

capacity. Developable land is constrained by natural hazards associated with slope stability, 

beach storm potential, seismic hazards, and forest fire potential, yet many residents c
hose to 

develop and live in such areas, finding the hazards “acceptable” compared with the benefits 

of living there. By imposing a strict grading ordinance in unstable slope areas, the city was 

able to reduce the damage hazard and thus increase the carrying capacity. Finally, air qual- 

ity is perhaps LA’s most significant environmental constraint. The air emissions resulting 

from the area’s population, development, and lifestyle exceeded the capacity of the air basin 

to absorb them. Yet local governments in the LA basin have chosen not to limit growth to the 

air basin’s carrying capacity but have “accepted” the level of air degradation associated with 

higher levels of development. They await technological improvements
 (e.g., electric or fuel 

cell cars) to allow the carrying capacity to “catch up” to the basin’s population. 
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SIDEBAR 18.1 Controlling Population Based on Carrying Capacity: Sanibel Island, 
Florida \n November 1974, the citizens of Sanibel Island incorporated the island 

as a city and initiated an effort to manage growth and development to avert storm 

damages and to protect the island’s natural values. The new city hired Wallace, 

McHarg, Roberts, and Todd, and a citizens’ organization hired the Conservation 

Foundation; the two groups coordinated work on an inventory of the island’s nat- 

ural systems. With the inventory in hand the city developed a plan based on the 

island's carrying capacity. 

The carrying capacity was based on two limiting factors: the assimilative capac- 

ity of the island’s wetlands to absorb pollutants and the capacity of the causeway 

linking the island to the mainland for evacuation of residents in the event of a hur- 

ricane. Based on projected impacts of different levels of development (from 6,000 

to 24,000 units, compared with 4,000 existing units at the time), the Planning 

Commission recommended 6,000 units as the island’s carrying capacity. Through 

the political process of public hearings, another 1,800 units were provided, for a 

capacity of 7,800 units or 3,800 above existing levels. The plan distributed these 

units to the various ecological zones of the island based on their tolerance for devel- 

opment. Specific performance standards were also adopted to minimize the 

impacts of these developments (Clark, 1976). 

A second complicating consideration is that human intervention can increase 

the population limit for a given level of acceptable quality. Increasing the popu- 

lation carrying capacity can occur in two ways. First, the capacity of some impor- 

tant or limiting factor can actually be expanded, for example, by importing water 

or annexing land. Second, the effect each additional person has on the factors of 

interest can be reduced (a) by changing behavior to a more conserving lifestyle 

(e.g., use of bicycles rather than automobiles creates less air pollution), or (b) by 

technological improvements (e.g., water conservation devices, land use designs 

that reduce runoff). 

From Population Levels to the Attribute-Indicator-Threshold Approach 

This latter issue raises questions about defining human carrying capacity in terms 

of a population limit. What is important is not necessarily the overall population, 

but the effect that population has on the environment or on one or more factors of 

interest. Figures 18.6e and 18.6f show the carrying capacity curve not in terms of 

population but in terms of a specific environmental attribute of interest (e.g., air 

quality, water supply, visual quality) measured by a specific indicator (e.g., pollu- 

tant concentration, gallons per day capacity, visibility in miles). The carrying 

capacity is given by the acceptable threshold for that factor measured by that indi- 

cator. As figure 18.6f shows, innovation resulting from behavioral changes (affect- 

ing what each person does) and technological mitigation (affecting the impact of 

what each person does) can reduce the effect of a given growth of population on 

that indicator. 

Whereas some applications of human carrying capacity have been based on an 

acceptable population threshold (like the Sanibel Island example), more recent 



Environmental Land Use Principles and Planning Analysis 

attempts have recognized that the overall objective is to control not population 

numbers per se, but rather the effect of that population on specific environmental 

factors or resources of interest. This offers a good illustration of the well-known 

environmental impact equation popularized by Barry Commoner: 

| = PAT > Impact = Population x Affluence x Technology 

This means that the impact on the environment is not just a matter of population 

levels. It also depends on the level of affluence of that population (as measured by 

the impact per person associated with lifestyle and consumption) and on the mitiga- 

tion of impact that technology provides. For example, the impact on water supply 

depends not only on the number of people (population) but also on the average use 

per person (water-consuming lifestyle) and on technology used to mitigate the 

impact (water conservation devices like low-flow showerheads and toilets). 

Using impact thresholds instead of population has become the basis for carry- 

ing capacity studies. This threshold approach is the basis for the Limits of 

Acceptable Change method for wilderness area management and for environmen- 

tal management in the Lake Tahoe Basin, both discussed later. 

The approach first identifies a number of important environmental compo- 

nents, resources, or variables. The variables may involve the natural environ- 

ment (air quality, water quality, fish and wildlife habitat, noise, etc.), human- 

built infrastructure (water supply, sewage capacity, road capacity, etc.), or 

community perceptions (visual quality, congestion, etc.). For each component, 

one or more indicators are identified that measure the quality of the component. 

For example, for the variable water quality, the indicator may be the concentration 

of a specific pollutant, water clarity measured by Secchi disk test, dissolved oxygen 

content, or all three. 
Specific thresholds for these variables are determined from scientific study 

(e.g., for healthful air quality) and/or community involvement (e.g., for visual 

quality). Specific programs and/or regulations are then developed to ensure 

achievement or compliance with the thresholds. 

This variable-indicator-threshold approach has certain advantages over 

applying a population threshold. It better matches the objectives of the human 

carrying capacity concept to control the effect of population rather than the popu- 

lation per se. It provides for human and technological innovation to reduce the 

impacts per person. And it is far more systematic and far less arbitrary, which sup- 

ports its use and protects it from legal challenge. 

Environmental Thresholds in the Lake Tahoe Basin 

The Lake Tahoe area of California and Nevada (figure 8.7) exhibits exceptional 
environmental amenities, and, perhaps for that reason, it has experienced extreme 
development pressures. A long history of attempts to manage growth and the envi- 
ronment culminated in the 1986 Tahoe Regional Plan (Tahoe Regional Planning 
Agency [TRPA], 1986). A brief history of the planning effort and the plan itself are 
described in chapter 8. The carrying capacity concept and the use of environmental 
thresholds played an important part in the environmental management of the basin. 
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» Environmental Land Use Principles and Planning Analysis 

The TRPA defined environmental threshold carrying capacity as “an environ- 

mental standard necessary to maintain a significant scenic, recreational, educa- 

tional, scientific, or natural value of the region or to maintain public health and 

safety within the region” (TRPA, 1982). The process used to develop the thresh- 

olds employed considerable public participation. It involved the following six steps: 

1. Identify the environmental components or variables for which thresh- 

olds would be established. ; 

2. Identify variables affecting the components. 

. Determine which measures would be appropriate as threshold indicators. 

4. Determine the acceptable threshold level for each appropriate 

indicator. 

5, Evaluate mechanisms to achieve each threshold to see if it is meaning- 

ful and possible. 

6. Adopt the thresholds. 

ies) 

The environmental variables for which indicators and thresholds were estab- 

lished are given in figure 18.7, along with selected thresholds. Thresholds took 

three different forms: a numerical standard or quantifiable level that can be 

monitored; a management standard or nonquantifiable level of quality for 

which certain actions are prescribed; and a policy statement or decision to carry 

out a chosen course of action. Threshold statements could thus be made about 

variables that do not lend thefnselves to quantitative measurement. In addition, by 

including policy statements and management standards, the thresholds, once 

adopted, offered considerable guidance to the development of the regional plan 

(see chapter 8). A major challenge of the plan was that many of the adopted 

numerical threshold standards were already exceeded. The plan had to provide 

actions to improve quality while still accommodating some additional develop- 

ment. Monitoring the thresholds in 2001 showed that some are being met and 

some are not, some are improving and some are not (see table 8.2). 

Limits of Acceptable Change 

For decades the federal resource agencies have struggled with the challenges of 

providing for mandated multiple uses of the public lands while managing these 

lands’ natural conditions. For example, recreational overuse of the national parks, 

national forests, and other lands often damages the resource and diminishes the 

natural experience of users, especially in wilderness areas. The Park Service has 

tried to use the carrying capacity concept to determine appropriate levels of recre- 

ation use to achieve their mandate of serving the greatest number of people while 
still protecting the natural ecosystems. The 1978 National Parks and Recreation 
Act required the Park Service to determine each park’s “visitor capacity,” the 
amount of use that allows for quality experiences while not resulting in unaccept- 
able impacts to the park’s significant resources (National Park Service, 2001). 

After many attempts to quantify visitor carrying capacity and manage visitor 
population, the agencies have turned to the threshold approach. Stankey et al. 
(1985) developed the Limits of Acceptable Change (LAC) process for wilderness 
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area planning in the national forests. A variation of this method, the Visitor Expe- 

rience and Resource Protection (VERP) framework was developed for the national 

parks (National Park Service, 1997). Both rely on determining acceptable thresh- 

olds or desirable future conditions and formulating planning and management 

actions to achieve these thresholds or conditions. 

For wilderness areas, the LAC process aims not to prevent any human-induced 

change to the wilderness, but rather to decide how much change will be allowed to 

occur and where and what actions are needed to control that change. LAC 

requires deciding what kinds of natural resource conditions and social experience 

conditions are acceptable, then prescribing actions to protect or achieve those 

conditions. The LAC process consists of nine steps in four major components 

given in the following list. Implementing the process requires considerable 

resource inventory as well as public (user) participation to determine desirable 

conditions and thresholds. By emphasizing conditions, impacts, and thresholds 

rather than numbers of users, LAC and VERP apply the carrying capacity concept 

in an objective and systematic way that can achieve desirable resource and social 

results through management actions. 

Limits of Acceptable Change Process for Wilderness 

Area Management 

I. Identify Issues, Concerns, Opportunities 

1. Identify area issues and concerns. 

2. Define and describe recreational opportunity classes (based on recre- 

ational opportunity spectrum from pristine to primitive to semiprimi- 

tive nonmotorized to roaded natural), including resource, social, and 

management descriptions for each. 

II. Determine Present Condition of Wilderness Area 

3. Select indicators of resource conditions (e.g., trail erosion, campsite 

scars) and social conditions (e.g., solitude, noise). 

4. Inventory existing resource and social conditions. 

5. Specify measurable thresholds or standards for the resource and social 

indicators selected for each recreational opportunity class. 

III. Determine Action Plan 

6. Compile information from components I and II and identify alterna- 

tive opportunity class allocations. 

7. Identify what management actions would be needed to meet thresh- 

olds for each alternative allocation from 6. 

8. Evaluate and select a preferred alternative. This will be the action 

plan. 

IV. Implement and Monitor the Action Plan 

9. Implement actions for the preferred alternative and monitor condi- 

tions. (Source: Stankey et al., 1985) 

The Ecological Footprint 

The concept of the ecological footprint is like the inverse of carrying capacity. 

Whereas carrying capacity tries to measure the capability of an area to support 
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and sustain a population within acceptable limits, the ecological footprint tries to 

measure the corresponding area of productive land and aquatic ecosystems 

required to produce the resources used, and to assimilate the wastes produced, by 

a defined population wherever on Earth that land area might be located (Rees, 

1996; Wackernagel and Rees, 1995). It accounts for the fact that unlike most nat- 

ural habitats, human settlements are not contained ecosystems. Our communi- 

ties import energy, food, water, and material resources from around the world, and 

export wastes far beyond their borders. For example, Rees (1996) calculated the 

ecological footprint of an average citizen in his hometown of Vancouver, British 

Columbia. Based on the average Canadian food diet, wood and paper consump- 

tion, fossil energy consumption, and corresponding carbon emissions, each Van- 

couverite requires 4.2 hectares of land to support these needs. With a population 

of 472,000, Vancouver has an ecological footprint of 2 million hectares, 174 times 

its city area of 11,400 hectares. Based on these per capita needs of 4.2 hectares, 

the population carrying capacity of Vancouver’s area would be just 2,500 people. 

The ecological footprint concept is useful for recognizing the impact of our pat- 

terns of consumption in a world of limited resources. Rees (1996) advances the 

measure as an indicator of community sustainability, but poor community-specific 

data often limit its effectiveness. 

Environmental Impact Assessment in Land Use and Development 

Environmental impact assessment (EIA) is one of the most mandated and useful 

tools in environmental planning. Created initially by the National Environmental 

Policy Act of 1969, the method has been adopted by half of the states in the United 

States and by foreign governments around the world. Its major applications are in 

large planning and resource development projects conducted, funded, or 

approved by a government agency. Still, the method has useful applications in land 

use and development and is used by several localities and states to assess the envi- 

ronmental impacts of development projects. 

The objective of EIA is simply to identify and predict the impacts of prospective 

actions or projects so that that information can be used in the development design 

and ultimately the approval of the project. Usually, mitigation measures are identi- 

fied to offset or reduce the impacts, and these are incorporated into the final 
design. In its evolution over 25 years, two uses of EIA have emerged. First, EIA is a 
“planning tool,” a rational means of gathering and analyzing information intended 
to influence management and development decisions. Second, EIA is a “political 
tool,” a means of influencing the attitudes of top officials, a mechanism that has 
increased the status and strategies of project opponents. After all, the EIA intends 
to “hang out dirty laundry,” to clearly identify the impacts, including negative 
aspects of a proposal. Ortolano and Shepherd (1995) note: “the ultimate purpose 
of the EIA is not just to assess impacts; it is to improve the quality of decisions.” 
This is done through both planning and political negotiation. 

Ortolano and Shepherd (1995) go on to describe potential effects of EIA on 
project development. As shown in box 18.2, they include effects on projects and on 
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Box 18.2—Possible Effects of Environmental Impact Assessment 

Possible Effects of EIA on Projects 

» Withdrawal of unsound project 

« Legitimization of sound project 

= Selection of improved project location 

= Reformulation of plans 
a Redefinition of goals 

= Mitigation of project impacts 

Dropping damaging elements of proposed 

project _ 

Minimizing adverse effects by scaling down 

or redesigning project 
Repairing or restoring environment 

adversely affected 
Creating or acquiring environments similar 

to those adversely affected 

EIA as an Impetus for Administrative 

Change 

» Often increases access of citizens, NGOs, and 

other agencies to information on project 
a Enhances interagency coordination 

a Affects power relations between ministries, 

increases power of environmental agencies 

Source: Ortolano and Shepherd (1995). 

administrative actions. One desirable project effect is that information on environ- 

mental impacts be considered from the very beginning in planning and design. 

“With-Without” Analysis: Impact Variables, Indicators, and Thresholds 

In conducting an EIA, it is important to assess the environment systematically. 

Generally, the assessment focuses on indicators of change. The following list 

defines impact variables or important components of the environment, indicators 

of change, and thresholds or standards for those indicators. This framework is the 

same one used in the threshold (or impact) approach to carrying capacity dis- 

cussed earlier. 

Environmental Impact Variables, Indicators, and Thresholds 

» Impact Variables: Components of the environment that are important 

(e.g., water quality) 

= Impact Indicators: Measures that indicate change in an impact variable 

(e.g., dissolved oxygen) 

=» Impact Thresholds or Standards: Values of impact indicators above or 

below which there is a problem; used to evaluate the impact (e.g., 5 ppm 

minimum of dissolved oxygen) 

EIA aims to predict future change in impact indicators that are likely to result 

from the proposed action. “With—Without” (W-W/O) analysis is used to do this 

(see figure 18.8). The future change of a selected indicator is predicted with the 

proposed action and plotted on the graph. It is important to know the change that 

actually results from the action, so it is necessary to also plot the change in the 
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Figure 18.8 Environmental Impact Assessment “With-Without” Analysis 

indicator that would result if the action were not undertaken. The “without” line 

plots this change. The “impact” of the proposed action is the difference between 

the “with” and “without” lines, not the difference between the “with” line and 

today’s value or baseline. 

The figure also illustrates the use of thresholds or standards in the evaluation of 

impacts. If the accepted threshold or standard for the indicator is Threshold B, 

neither the “with” or “without” would approach it, and the impact may be deemed 

of minor importance. However, if the standard is Threshold A, the “without” case 

would not exceed the threshold, while the “with” case would. Therefore, the 

impact of the proposal is far more significant. 

The EIA Process 

The following list gives an outline of a generalized EIA process. It begins with an 

early scoping exercise intended to gather key parties and stakeholders to design the 

process and identify key issues, impact variables, and impact indicators. The process 

is designed to be flexible so that it can be adapted to the individual case at hand. 

Scoping, data studies, and impact identification come early in the process. Predic- 

tion of impacts is really the heart of the process and generally the most important. 

Many of the techniques discussed in previous chapters can be used for data studies, 

impact identification, and impact prediction. For example, peak discharge analysis, 

channel erosion and capacity analysis, soils suitability mapping, DRASTIC, well- 

head protection, vegetation, wetland and habitat inventories, and other methods are 

especially useful. In addition to prediction, however, evaluation and presentation of 

impacts are also critical because interpretation, discussion, and negotiation about 

impacts will determine how decisions are affected by the EIA. 

Generalized Environmental Impact Assessment Process 

1. Scoping: Design the process; draft work program; identify issues, 

impact variables, parties to be involved and methods to be used. 
2. Baseline Data Studies: Collect initial information on baseline condi- 

tions and important impact variables, which may include socioeco- 

nomic as well as environmental parameters. 
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3. Identification of Impacts: Concurrent with baseline studies, identify 

and screen impacts of alternative actions: variables, indicators, and 

thresholds. 

4. Prediction of Impacts: Estimate the magnitude of change in important 

impact variables and indicators that would result from each alternative 

using W-W/O analysis. Employ project outputs, simple algorithms, 

simulation models as needed. 

5. Evaluation of Impacts and Impact Mitigation: Compare indicator 

impacts to thresholds; determine relative importance of impacts to 

help guide decisions; evaluate plans for mitigation of impacts. 

6. Presentation of Impacts: Present impacts of alternatives in concise and 

understandable format. 

Use of EIA in Land Development 

As mentioned, in the United States, EIA is required of major federal government 

actions affecting the environment. It is also required of government agency actions 

in about half the states. Five of those states require EIA for all “public” actions, so 

EIA extends to the actions of local governments. In Washington State, those local 

actions specifically include permitting decisions of private land development. In 

other states, some localities have incorporated EIA into their development review 

process. Washington’s State Environmental Policy Act (SEPA) process illustrates 

how EIA can be used effectively in assessing and mitigating environmental impacts 

of development (State of Washington, 1998). 

The SEPA process begins with a threshold determination. If the proposed proj- 

ect is not exempt (e.g., building a single house is exempt), the threshold determi- 

nation depends on whether the expected impact is significant or not. This is a crit- 

ical decision, because if the proposal’s impact is declared significant, the applicant 

must prepare a costly and time-consuming environmental impact statement 

(EIS). The applicant must prepare an assessment form to provide information for 

this determination. The checklist asks for responses on the project’s description 

and its impact on a list of environmental variables or elements. The lead agency 

evaluates the checklist responses and often asks for more information or negoti- 

ates with the applicant before making the threshold determination. 

If the agency declares that the proposal will likely pose a significant environ- 

mental impact, the applicant must prepare an EIS. A draft is prepared for 30-day 

public review, followed by a final EIS that responds to comments received. Based 

on the EIS, the lead agency must decide whether the proposal, including impact 

mitigation, should be permitted under SEPA. Even if the proposal meets existing 

zoning and other local ordinances, it can still be ruled in violation of SEPA because 

of excess environmental impact. Therefore, project approval becomes a “discre- 

tionary” decision based on environmental impacts rather than simply a “ministe- 

rial” decision based on meeting local codes. Local officials have two 
points of lever- 

age on local development proposals. First, early in the process in the threshold 

determination, they can offer a nonsignificant impact determination in exchange 

for project design changes or mitigation measures that lessen the environmental 
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impact. Second, and more obvious, they can grant a permit only if certain mea- 

sures or changes are included in the proposal. 

Common Problems in EIA Implementation 

The following list shows a number of perennial problems that limit the effective- 

ness of EIA to achieve its objectives. These are taken from a wide range of experi- 

ence, primarily in U.S. federal implementation as well as that in other countries 

(Ortolano and Shepherd, 1995). The major concerns are that EIA comes too late 

in the planning process, EIA information is not integrated into decisions, and 

cumulative impacts that extend beyond an individual project are not assessed. 

Efforts should be made to generate information early so that it can be integrated 

into planning decisions and to consider impacts beyond.the project’s primary 

effects (Randolph and Ortolano, 1976). Despite these limitations, EIA has 

emerged as one of the most useful tools for environmental planning and project 

assessment. Phillips and Randolph (2000) found that effective EIA and NEPA 

compliance and ecosystem management can go hand in hand for federal agencies. 

Perennial Problems in EIA Implementation 

(Ortolano and Shepherd, 1995) 

» EJA requirements are often avoided. 

» EIA is often not carefully integrated into planning. 

= EJA doesn’t ensure environmentally sound projects. 

» EIA is done primarily for projects, not programs or policies. 

» Cumulative impacts are not assessed frequently. 

= Public participation in EIA is often inadequate. 

» Proposed mitigations may not be implemented. 

= Postproject monitoring is rarely conducted. 

» Assessments of risk and social impacts are often omitted from EIAs. 

Build-Out Analysis 

Build-out analysis was developed at the Center for Rural Massachusetts as a 

method to assess the impacts of community plans and zoning ordinances. As 
shown in figure 18.9, communities will build out over time. Build-out analysis 
applies existing rights provided by the zoning ordinance, builds it out, shows it 

visually in maps, then assesses the environmental and social impacts. 

Build-out analysis is essentially EIA, not of a project, but of a large-scale com- 
munity vision. Conceptually the analysis is quite simple. It follows the steps given 
in the following list. After preparing a base map of environmental features and 
existing development, the analysis takes the zoning ordinance and shows on the 
map the virtual implementation of the densities and uses allowed. The use of GIS 
can greatly facilitate this step. The resulting build-out map can show dramatically, 
both visually and through impact assessment, what the existing ordinance will 
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Figure 18.9 Incremental Build-out of Longmeadow, Massachusetts: 1942 (bottom), 1957 

(middle), 1987 (top). Source: Jeffrey Lacy, Manual of Build-Out Analysis, 1990. Courtesy, Center 

for Rural Massachusetts, University of Massachusetts-Amherst. 
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mean in terms of future development. The analysis can be very useful in prompt- 

ing public discussion about current plans and ordinances. 

Steps in Build-Out Analysis . 

1. Develop base map including environmental inventory; identify existing 

developments and unbuildable areas (extremely steep slopes, flood- 

plains, etc. 

2. Overlap zoning map indicating development types and densities. 

3. For each zone, build out development according to the allowed density 

following the existing patterns of development for those densities. 

4, Produce a build-out map showing this development. 

5. Determine the impacts associated with the build-out, including water 

demand, sewage flows, school population, road traffic, and environ- 

mental impacts (e.g., habitats, open space, agricultural lands, stream 

corridors, aquifer recharge, well heads, impervious surface and peak 

discharge and baseflow). 

6. Conduct a public workshop to solicit comment on the build-out analy- 

sis and potential need for revision of the comprehensive plan and zon- 

ing ordinance. 

Build-Out Analysis in Massachusetts's Community Development 

and Preservation Planning 

In December 2002, Massachusetts was the first state to be awarded an EPA Smart 

Growth Award for its Community Preservation Initiative and build-out analysis 

program. In 1999, the state launched its Community Preservation Initiative “to 

empower communities to develop a vision and plan for their future.” The Initiative 

was followed a year later with Executive Order 418 that provided state assistance 

for community development plans. The Community Preservation Act was enacted 

in September 2000. It allowed localities to establish a local fund for open space, 

historic preservation, and affordable housing and provided state matching funds. 

Build-out analysis was one of the analytical centerpieces of the community 

preservation programs. The Department of Environmental Affairs, working with 

the 13 regional planning agencies and private planning firms, provided a full build- 

out analysis for each of Massachusetts’s 351 cities and towns, GIS data layers and 

orthophotomaps for each community’s own study, and tools for alternative futures 

planning and fiscal impact assessment. 

Each build-out analysis used local zoning and land use maps, zoning and subdi- 

vision ordinances, and other data to produce three GIS maps and an impact 

report. Specifically, the products included the following: 

1. Orthophotomap: base map image and GIS DOQQ data “clipped” for each 
locality at the same scale as build-out maps, providing a zoomable aerial 
view to check other map accuracy and locate community features. 

2. Map 1: Zoning and Absolute Development Constraints: includes 
lands already developed, permanently protected (e.g., conservation 
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Figure 18.10 Build-out Map 1 for portion of Amherst (MA): Zoning and Absolute Development Constraints. Source: 

Commonwealth of Massachusetts (2003). 
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Figure 18.11 Build-out Map 2: Developable Lands and Partial Constraints. Source: Commonwealth of Massachusetts 

(2003). 
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easements), and other absolute constraints to development (e.g., 100- 

foot buffers under the Massachusetts Rivers Protection Act [MRPA]). 

Land available for development appears in white (see figure 18.10 for a 

portion of Amherst). 

3. Map 2: Developable Lands and Partial Constraints: includes lands 

available for future development (white areas in Map 1). In color, the 

map distinguishes each zoning district. Partial constraints are those 

included in the zoning district ordinances (e.g., minimum lot sizes) 

and other partial constraints (e.g., second 100-foot buffer under 

MRPA) (see figure 18.11). 

4. Build-out Tables: data provided in Map 2 for each zoning district 

including acres available for development and calculations on buildable 

area, commercial space, dwelling units, water demand, solid waste, 

new roads, number of students (see figure 18.11). 
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Zoning Districts 

Low Density Residence 

Outlying Residence 

Neighborhood Residence 

General Residence 

Fraternity Residence 

Village Center Residence 

Village Center Business 

Limited Business 

General Business 

Commercial 

Office Park 

Professional Research Park 

Light Industrial 

Educational 

Flood Prone Conservancy 

Figure 18.11 (continued) 

5. Map 3: Composite Development Map: simplifies the information on the 

first two maps by showing in purple all areas available for development, 

in yellow all areas unavailable for development, and in a shaded pattern 

all of the partial constraints that limit growth (see figure 18.12). 

6. Summary Build-out Statistics: aggregates the build-out tables to reveal 

total impacts of build-out (see table 18.28 

For Amherst, build-out according to existing plans and zoning would add about 

12,500 residents in 4,652 units, 2.779 new students, 1.3 million gpd of water use, 

93 miles of new roads, and 6,500 tons of solid waste. 

The program is described in detail in The Buildout Book (Commonwealth of 

Massachusetts, 2002). The build-out methodology is described at http://www/ 

state/ma/us/mgis/buildout.htm and the build-out maps and analyses and GIS data
 

layers for each city and town are available at http://commpres.env.state.ma. 

us/content/buildout.asp. 
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Figure 18.12 Build-out Map 3: Composite Development. Source: Commonwealth of Massachusetts (2003). 
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TABLE 18.2 Summary Build-out Statistics for Amherst, Massachusetts 

(Additional Development and Impacts) 

Developable land area (sq ft) 331,648,523 

Total residential lots 4,632 

Comm. /industrial buildable floor area (sq ft) 4,846,298 

Comm./industrial water use (Gal/day) 363,472 

Dwelling units 4,632 

Future residents 12,599 

Residential water use (Gal/day) 944,950 

Municipal solid waste (tons) 6,463 

Nonrecycled solid waste (tons) 4,596 

Students 2,779 

New roads (miles) 93 

Summary 
SS ee eee ES 

Previous chapters presented a wide range of techniques used to gather and ana- 

lyze environmental information for use in planning and management. Rarely are 

these methods used alone. More often, planners, publics, and decision makers 

need to make sense of the results of these analyses and to integrate them into com- 

prehensive or holistic assessments. 

The methods presented in this chapter aim to provide this integration. The envi- 

ronmental inventory simply assembles spatial data in an understandable form, 

without analysis, so the user can make his or her own conclusions. Rapid assess- 

ment aims to gather and interpret information quickly as a basis for immediate 

action or to identify needs for intermediate or advanced assessment. Land suitabil- 

ity analysis takes baseline information further, combining sometimes diverse spa- 

tial data to assess the land’s intrinsic capability for different uses. It can be used to 

screen sites for a particular use, gauge vulnerability of sensitive areas for certain 

uses, evaluate development pressure, and develop comprehensive land use plans. 

Carrying capacity is an ecological concept originally used for wildlife and range 

management. It has had considerable appeal for managing human settlements 

but proved ineffective when used to estimate appropriate popula
tion levels. When 

applied to the impacts of population growth, however, the concept became more 

useful. Instead of an optimal level of population, this approach sets acceptable lev- 

els of thresholds of impact measured by indicators of change or condition in 

selected environmental and socioeconomic attributes. The “impact threshold” 

approach to carrying capacity has been used effectively in managing 
development 

in the Lake Tahoe Basin and in managing visitor use in wilderness areas. 

Environmental impact assessment is one of the most used environmental 

analysis methods in the world. Despite its limitations, EIA has been a consistent 

source of environmental information for federal decision making. Its use in com- 

munity land use and development is limited, but states like Washington and Cali- 

fornia, which use EIA routinely in local land use and development planning and 
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decisions, have proven its potential value. EIA needs to occur early in the develop- 

ment process to be effective. 

Build-out analysis is simply EIA for land use plans and zoning ordinances. It 

assumes a site or community will realize the full density of development permitted 

by ordinance and builds it out. When shown in map form along with impact analy- 

ses, the visual image of a community’s future by right as well as assessment of its 

environmental and community impacts, can spur planners, citizens, and elected 

officials to question existing plans and seek more environmentally compatible 

alternatives. Massachusetts has employed build-out analysis through GIS as a key 

element of its community preservation planning program. 
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California gnatcatcher, 584, 587f 

Calthorpe, P, 38; regional planning, 40, 136-37f, 170; sustain- 

able design, 115-17); transit-oriented development 118-20f 

Calthorpe Associates: participatory design, 68-69f; regional 

planning, 137-39f; St. Croix Valley (MN), 125-26f; tradi- 

tional neighborhoods, 121f; Twin Cities (MN), 122, 174 

Cameron/Holmes Run (VA), 306-9f, 573-74f 

Campbell, J.B., 291f 

Campbell, S., 12 

Candidate Conservation Agreement, 578b 

Canopy Cover at Edge of Pavement (CCEP) method, 534 

Cappiella, K., 445-46f 

Carrying capacity: ecological, 513b; in environmental manage- 

ment, 9, 11, 49; habitat studies, 563; human studies, 

591-93, 604-12tf 

Carson, R., 7, 13 

Center for Excellence in Sustainable Development, 136 

Center for Rural Massachusetts, 127f, 616-18f 

Center for Watershed Protection: lake protection, 444—46f; 

stormwater management, 459-63; stream restoration, 474; 

watershed planning, 255-58f 

Channel erosion, 363; assessment, 412-14, 427-33¢f; control, 

457, 459t, 470-72, 474-77bf 

Channelization, 208-10f 

Channel Protection Volume (CP,), 438, 462-64. See also 

Stormwater 

Charrettes, 66-67 

Chattanooga (TN), 526, 528 

Chattooga Conservancy, 310-11f 

Chesapeake Bay Program, 170, 195-96, 307, 549, 573 

Chicago (IL), 143, 361; urban forestry, 525, 527f; Wilderness, 

100, 571-74f 

CITYgreen, American Forests, 379f, 526-28f 

Civic environmentalism, 33 

Civil society, 4-6, 54 

Clark County (VA), 153-54t 

Clark County (WA), 189f 

Clean Water Act, 197, 254; and nonpoint source pollution, 

439-41; and wetlands, 538, 542, 545-47. See also Water; 

Watershed; Wetlands 

Clinton administration, 254, 542 

Cluster development, 41, 92-94f, 120-1, 126-28f, and wellhead 

protection, 506; and zoning, 143, 151, 156-57b, 158-59f 

Coastal Barriers Protection Act, 197 

Coastal Conservancy (CA), 553 

Coastal ecology, 549-51, 551-53 

Coastal zone: hazards, 215-20f, 551; hazard mitigation, 

219-25f; management, 197, 219-25f, 549-54. See also Cali- 

fornia 

Coastal Zone Management Act, 439-40, 549-54 

Colby, M., 9-12f 

Collaboration, 13; and habitat conservation, 588; and planning, 

16-17, 27, 30, 33-44, 53, 55-61, 74. See also Participation 

Collaborative conservation and development, 91—-93f 

Collaborative environmental management, 33-34, 51-52, 

53-55, 60-61t, 71-74 

Colorado: and green building, 135; land conservation, 83, 

97-99; and New Urbanism, 122t; and wildfires, 241 

Columbia River, 189 

Command and control, 33, 54 

Community-based environmental protection (CBEP), 33-34, 

51, 53, 69 ) 
Community Land Use Evaluation (CLUE), 204-5 

Community-sensitive design, 110-17bf 

Compact development, 111; design of, 113-17bf, 119f, 120-129f; 

market for, 109-10. See also Cluster development; Transit- 

oriented development (TOD); Walkable communities 

Compatible economic development, 598-99b 

Comprehensive/General Plan, 32, 143-48f; and land suitability, 

600; planning framework, 48-50 

Concurrency, 151, 164; in Florida, 194. See also Infrastruc-. 

ture for development 

Cone of depression, 484—85f 

Conflict resolution, 27, 31; in collaborative planning, 55-56; in 

land use disputes, 47;'techniques, 66-67. See also Collabo- 

ration 

Conn, W.D., 22-23, 596 

Connecticut, 83-84 

Conservation corridors; 82, 566-68f. See also Buffers; Riparian 

lands; Wildlife habitat 

Conservation easements, 81, 88-91. See also Purchase of 

development rights (PDR) 

Conservation Fund, The, 76, 84-85, 95 

Conservation movement, 13 

Conservation Reserve Program, 79-81, 196, 352-53, 546 

Conservation subdivision design, 41, 92-94f, 126-28f. See also 

Cluster development; Compact development 

Continuity equation, 412, 430 

Corbett, J., 26, 113-17f, 263. See also Village Homes (Davis, CA) 

Corbett, M., 40, 95, 113-15f, 117, 118-19f. See also Village 

Homes (Davis, CA) 

Core habitat, 556-61f 

Corps of Engineers, 207, 211, 470, 546-47 

Corridors: and green infrastructure, 98-102f; and landscape 

ecology, 513-14f; and wildlife habitat, 557-63f, 566-68. See 
also Greenways 

Cost-benefit analysis, 21, 23 

Coughlin, R., 153-54f, 50 
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Cowardin, L., 535f 

Cow in creeks syndrome, 402, 443 

Craul, P, 351, 355, 359b, 361b 

Creek overlay district, 154-56f, 302. See also Blacksburg (VA); 

Fairfax County (VA) 

Critical areas, 195-96, 596 

Cryptosporidium, 487 

Cultural heritage, 38, 41, 47, 111, 128, 139-40 

Curve number (TR 55), 379-83t. See also TR-55 

CyberTracker software, 410-11f. See also Monitoring 

Dasmann, R., 604 

Data accuracy, 277 

Davis (CA), 113, 141 

Decentralized wastewater systems, 343 

Deep ecology, 10 

Delaware, 83-84 

Denver (CO), 361 

Design: concepts of sustainable, 110-13, 115-17b; conserva- 

tion subdivision, 127—-29f; greenway, 96-97t; participatory, 

67-69f; and planning, 16-17t, 32, 48, 50; practice of sus- 

tainable, 113-15f, 117-26f; and stormwater management, 

441f; and stream restoration, 47 1-75f; urban, 16-17t, 37, 

48, 137; of wildlife corridors, 570 

Development density, 38-39, 107 

Development design. See Design 

Development impact fees, 143, 151, 158 and Smart Growth, 

167; and stormwater management, 438-41 

Development trends, 106-10 

Diamond, J., 562 

Dillon’s Rule, 146-48 

Diversity, 512b; indices, 565-66. See also Biodiversity; 

Ecology 

Dominican Republic, 518-21f 

Douglas, B., 219 

Drainability, soil, 320-22 

Drainage density, 367 

DRASTIC, 23, 489, 492-500tf, 502, 504-6 

Drought, 242-43 

Duany, A., 40, 50; and New Urbanism, 115-17; and traditional 

neighborhood design, 120-21; and transect planning, 121 

Dune systems, 215-16f, 515, 552 

Dunne, T., 484 

Earth First, 72 

Earthquakes, 43, 225, 233-37f. See also Seismic hazards 

Ecological economics, 21, 33 

Ecological engineering, 253, 442. See also Bioengineering 

Ecological Footprint, 592, 611-12 

Ecological niche, 512b 

Ecological productivity, 510-51 2b 

Ecological restoration, 252-53 

Ecological succession, 510-11b, 556 

Ecology, 509-13b; and wildlife habitat, 555-63f. See also 

Landscape: ecology 

Economics, 33, 185, 191, 314; environmental, 20-22. See 

also Indicators 

Ecoregions, 250f 

Ecosystem management, 33, 52, 78, 555; applications of, 

265-66; and The Nature Conservancy, 249-52: principles of, 

244-47f; on private lands, 248-49; on public lands, 247-48 

Ecosystems, 4, 509-13. See also Ecology; Ecosystem man- 

agement; Landscape: ecology 

Ecotones, 556-57f 

Edge city, 38 

Edges, 556-57f. See also Buffers 

Edwards Aquifer (TX), 483f, 489, 580; and overlay zoning, 

154-55f, 503; sole source aquifer program for, 501 

Electromagnetic spectrum, 287f 

Electronic networks, 66-67. See also Participation 

Eminent domain, 89-90 

Endangered Species Act, 46, 80, 197; conservation tool con- 

tinuum, 575-78b; mapping, 279f; and Oregon salmon 

recovery, 267-71; species listing under, 575-77. See also 

Habitat Conservation Planning; Natural Community 

Conservation Planning (NCCP) 

Energy consumption/conservation, 47, 1 11, 113. See also 

Green building; Green development; Transportation; Vil- 

lage Homes (Davis, CA) 

Environmental data and information, 30, 49; considerations 

and pitfalls, 276-79f. See also Environmental field data; 

Environmental inventory; Geographic information sys- 

tems (GIS) Mapping; Rapid assessment 

Environmental field data, 312-13. See also Monitoring 

Environmental impact assessment and statement, 23, 29, 

592; common problems of, 616; principles and process of, 

612-15f; in Washington State, 185, 194-5, 615-16 

Environmental inventory, 49, 592-97; Groundwater 488, 

Habitats, 563-66b; Urban forests, 530-34f; Vegetation, 

514-17, Watersheds (delineating), 506b, Wetlands, 545, 

548. See also DRASTIC; Environmental field data; Land 

Evaluation and Site Assessment (LESA); Monitoring; 

Rapid assessment; Soil: suitability 

Environmental justice, 47 

Environmentally sensitive lands, 110-11, 595-96. See also Agri- 

cultural land; Aquifer: recharge; Coastal zone; Natural haz- 

ard mitigation; Riparian lands; Wetlands; Wildlife habitat 

Environmental management, 3-7, 9-15 

Environmental Systems Research Institute (ESRI); ArcIMS, 

297; ArcGIS, 299-301f, 305-7f, 333, 410-1 1f, 526; data 

download, 297-98; digital soils data, 333; hazard mapping, 

206; virtual campus, 306 

Ephemeral stream, 368 

Erodibility Index, 354-56 

Erosion: beach, 215-19f; agricultural, 357-58f; and sedi- 

ment control, 359-61); soil, 322-23, 330, 35 1-61; urban, 

359-61. See also Erodibility Index; Universal Soil Loss 

Equation (USLE) 

Estuaries, 395-96, 398 

Ethics, environmental, 7-9, 13-4, 54 

Eutrophication, 395 

Evaluation: comprehensive methods, 23-26t; partial tech- 

niques, 22-23t; of participation, 64-65; in planning p
rocess, 

18-19. See also Coastal zone: management; Environmental 

impact assessment and statement; Land Evalua
tion and 

Site Assessment (LESA); Urban forestry; Wildlife habitat 

Exactions. See Development impact fees 

Externalities, 20-21 

Fairfax County (VA), 263; Environmental Quality Corridor, 

154-56f 

Fair Growth, 142 
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Fannie Mae Foundation, 142 

Farmland protection. See Agricultural land conservation 

Farmlands Protection Act, 344 

Federal Emergency Management Agency (FEMA), 202-7, 

210-13, 219-25, 243, 470. See also Coastal zone: hazard 

mitigation; Floodplain: management; Natural hazard miti- 

gation; National Flood Insurance Program 

Federal Interagency Stream Restoration Working Group 

(FISRWG) 364f, 367f, 370f, 384f, 468-74, 481f, 510, 

558f, 560f, 565-66 

Fee-simple acquisition, 88t 

Filter strip, 454, 461, 523f. See also Buffers; Vegetation 

Firewise Communities, 241-42 

Fleissig, W., 165 

Flood hazard mitigation, 206-1 0tbf. See also Floodplain: 

management, zoning; National Flood Insurance Program; 

Stormwater: management; Wetlands 

Flooding, 43, 201, 206-7f, 457 

Floodplain: hydrologic, 370t; management, 96, 209-11f; 

maps, 213-16f; topographic, 370f; zoning, 210-1f 

Floodplains, 209-16f, 370-71f, 374, 472-74f 

Flood profile, 213-14 

Floodway, 202, 210-13f. See also Floodplain: maps 

Florida: growth management, 164, 193-94; and land conser- 

vation, 79, 85; and New Urbanism, 122t; wetlands protec- 

tion, 547-48 

Floyd County (VA), 263-64 

Forest: canopy, 526-8tf; health, 524; land, 524-28. See also 

Urban forestry 

Forester, J., 30-2 

Fort Collins (CO), 164 

Frece, J., 191-93f 

French, S., 205-6 

Frontier economics, 9-11t 

Fulton, W.: land conservation, 77, 83, 84-85t, 103-4, 166; 

regional city, 38, 40, 136-37, 140, 170 

Functional connectivity, 557-63, 566-68. See also Corridors 

GAP analysis, 250-1f, 276, 563-64b 

General Accounting Office (GAO), 441, 575 

Geographic information systems (GIS), 30, 48, 68, 100, 113, 

250, 275, 279, 288, 290, 296, 532; applications of, 

305-11f; build-out analysis, 618-22; fundamentals, 

300-6f; growth of, 299-300; land suitability 591-93, 

601-2; power and pitfalls, 310-12; rapid ecological assess- 

ment 518-21f; slope maps, 340-41f; soils maps, 333-34f 

Geologic hazards, 43, 225, 595f. See also Seismic hazards; 

Slope: stability 

Geologic map, 225-26f, 492 

Geomorphology, 368-7 1f 

Georeferencing, 280-82f 

Georgia, 79, 268; Greenspace program, 82; growth manage- 

ment, 185 

Giardia lamblia, 487 

Glacier Peak (WA), 240-41f 

Global Positioning Systems (GPS), 313, 410f 

Global warming, 364 

Godshalk, D., 203-4 

Goldstein, B., 247 

Good, J., 552-54 

Gordon, S. 334-35 

Grand Forks (ND), 97, 207 

Great Lakes, 398-99 

Great Lakes Joint Commission, 170 

Great Lakes Remedial Action Plans, 264 

Green alleys, 449f 

Green building, 47, 134-36, 143, 165, 168. See also Austin 

(TX); Boulder (CO) 

Green Built Colorado, 135 

Green development, 134-36 

Greenfields, 40-1 . 

Green infrastructure, 82, 95-96, 98-102 

Green Map System, 71f 

Greenways, 95-99f. See also Boulder (CO); Green infrastructure 

Greyfields, 41, 128-31f 

Griggs, G., 230 

Groundwater, 44, 46, 396; assessment, 488-99f; contami- 

nation, 342, 486-88¢tf, 506-7; fundamentals, 480-86¢f; 

monitoring, 488, 506-7; recharge, 363, 457, 541; source 

protection, 500-7f. See also Aquifer; DRASTIC; Wellhead 

protection 

Growth management, 5, 39, 50, 141; and land conservation, 

103-4; nonregulatory tools, 165-68, 604, 616; and plan- 

ning, 143-48f; regulatory tools, 149-64 tf; tools, 142-43b. 

See also Oregon; Maryland; Takings 

Habitat Conservation Planning 47, 80, 197, 575-83tb. See 

also Endangered Species Act 

Habitat fragmentation, 557-63f, 566-68. See also Land- 

scape: ecology 

Habitat niche, 512, 555-56 

Habitat Suitability Index, 566 

Hamilton to New Baltimore (OH) Groundwater Consortium, 

503-4f 

Hardin, G., 13 

Hart, M., 294 

Hartford (CN), 143 

Hawaii, 185 

Hazardous wastes, 45 » 

Healthy communities, 44, 106 

Highly erodible soils, 354-56 

Hirschman, D., 276-79f, 486 

Hollis, L., 77, 83t, 84+85t, 103-4, 166 

Holst, D., 263 

Home Rule, 146-48 

Hopkins, L., 600 

Houston (TX), 230 

Howard, Ebenezer, 112, 113 

Human health, 4, 44-45, 145; and groundwater contami- 

nation, 487 

Hurricane damage, 216-25f 

Hydraulic conductivity, 343, 494 

Hydraulic radius, 384f, 428f, 433 

Hydric soils, 318-19, 540 

Hydrogeologic settings, 494-97ft. See also DRASTIC 
Hydrograph, 371-74f 

Hydrologic cycle, 364f 

Hydrophylic plants, 540 

Hydrologic unit codes (HUC), 257f 

Impact fees. See Development impact fees 

Impaired waters, 396-99f 



Impervious surfaces, 45, 295f, 308-9f, 314t, 363, 438, 

441-42; and groundwater recharge, 486; and stream flow, 

373-75t, 377, 380-3t; and stream integrity, 405-6f 

Implementation, 18-20; plans, 50; by stakeholders, 60-1, 69, 74 

Incidental take permit, 574-82. See also Endangered Species 

Act; Habitat Conservation Planning 

Index of Biological Integrity, 313 

Index of Watershed Indicators, 259-60 

Indicators: in carrying capacity, 607—11tf; community, 

313-15t; in environmental impact assessment, 613-15f; 

species, 555, 565 

Infiltration, 367 

Infrastructure for development, 39, 48, 50, 166-67, 173, 178 

Innes, J., 54 

Institute for Environmental Negotiation, 72 

Institutional arrangements, 261-65 

Integrated pest management (IPM), 447 

Interagency Workgroup on Wetland Restoration, 544 

Intermittent stream, 367 

International Association of Fish and Wildlife Agencies, 578b 

International Society of Arboriculture, 530-34, 536-38 

Invasive species, 524, 563 

Island biogeography, 562 

Izaak Walton League, 69-70, 400 

Jefferson County (CO), 83 

Kansas, 242 

Kareiva, P, 582 

Karst, 225; geologic hazard, 231-33f; groundwater, 485-86f 

Kemmerly, P, 233 

Kent, R., 311-12 ; 

King County (WA), 82, 141; comprehensive plan, 146—48f; 

purchase of development rights, 166; transfer of develop- 

ment rights, 164; urban growth boundary, 161 

King Farm (Rockville, MD), 122-24f 

Lacy, J., 617 

Lag time, 372-74f 

Lahars, 240f 

Lake Barcroft (VA) Watershed Improvement District, 263 

Lakes, 395, 398, 44446. See also Stormwater: management 

practices 

Lake Tahoe, 149, 164, environmental thresholds, 608—10¢; 

regional planning, 179-84f. See also Tahoe Regional Plan- 

ning Agency 

Land acquisition, 22, 39, 50, 506, 553; and conservation by 

government, 79, 81-83f, and growth management, 142-43, 

165-66, 168, 174; by land trusts, 84-866; tools, 87-91tf 

Land and Water Conservation Fund, 79, 81, 196 

Land conservation, 75-77; by government, 77-83; by land 

trusts, 83-87; tools for, 87-103; and Smart Growth, 

103-5. See also Conservation easements 

Land Evaluation and Site Assessment (LESA), 23, 343-51 

Landfills, 46, 321, 487, 489 

Landsat, 290-3f, 518f 

Landscape: corridor, 98-102, 513-14, 557-63f, 566-68f; ecol- 

ogy, 258, 509-14f, 557-63f; matrix, 513, 557-62f; mosaic, 

513, 557-62; patch, 513, 557-62. See also Corridors 

Landslides, 43, 225-29f 

Land Trust Alliance, 84-87tb 
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Land trusts, 75, 76, 77, 83-87tb. See also Land conservation 

Land use/land cover, 282-85f, 308f, 515 

Land use planning. See Planning 

Lang, R., 38, 108-9f 

Lava flows, 240f 

Law: administrative, 29; common, 28; environmental, 28-29; 

property, 28-29. See also Takings 

Leedy, D., 568 

Leopold, A., 7, 112 

Leopold, L., 484f 

Level spreader, 456-58f 

Liebig’s Law of the Minimum, 512 

Lighthouse Project, 333 

Lillesand, T., 287f 

Limits of Acceptable Change (LAC), 610-11b 

Lindblom, C., 18, 33 

Liquefaction, 321 

Littoral drift, 215 

Live fascine, 477f. See also Stream bank: restoration 

Local government: comprehensive planning, 48-50; 

143-48f; growth management, 141-43; land use regu- 

lation, 150-65tbf; nonregulatory tools, 165-68 

Locally unwanted land uses (LULUs), 47 

Loeks, C. D., 596 

Loma Prieta earthquake, 233, 236f 

Los Angeles (CA), 605 

Louisiana, 342 

Low impact development (LID), 436-38, 441-45t, 461. See 

also Stormwater 

Lucas case, 149, 221-23f 

Lucustrine wetlands, 535f 

MacArthur, R., 562 

MacKaye, Benton, 112 

Macroinvertebrates, 69, 408, 422-26bf 

Maine, 84, 185 

Manning equation, 385-87, 412-13, 427-33 

MapFinder, 285, 291 

Mapping, 68, 70-71, 280-85f. See also Geographic informa- 

tion systems 

Margerum, R., 60 

Marine waters, 396 

Market forces, 5 

Marsh, W., 516-17f 

Maryland, 86, 91, 95, 104, 161, 166, 265, 552; GreenPrint 

program, 100-2f; purchase of development rights, 82-83, 

Smart Growth management, 184-87, 191-93f, 195, 197 

Maryland Environmental Trust, 86, 102 

Massachusetts, 143, 185, 342; build-out analysis, 616-23f; 

land conservation, 83-84; wetlands protection, 547-48t 

Massachusetts Rivers Protection Act, 620 

McHarg, Ian, 95, 112, 113, 174, 601, 607 

McPherson, E., 524 

Meadows, D., 8 

Mercalli Intensity Scale, 237 

Metropolitan Washington Council of Governments, 255f, 

374f 

Mexico City, 229-30, 233 

Miami (FL), 366 

Michigan, 185; wetlands, 547-48t 

Minneapolis (MN), 120-21f, 536 
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Minnesota, 185, 265, 342 

Missouri, 342 

Mitigation: banking, 546-47; and ecological restoration, 253; 

environmental impact, 579; habitat conservation, 542-47; 

hazard, 202 

Monitoring: habitat conservation, 589; with remote sensing, 

293-95f; water and stream, 69-70, 406-10t, 417-25¢f. 

See also Adaptive management 

Mono Lake (CA), 28 

Montana, 84, 86 

Montana Land Reliance, 86 

Montgomery County (MD), 82, 141; green infrastructure, 

101-2f; transfer of development rights, 163-64 

Montgomery County (VA); Land Evaluation and Site Assess- 

ment, 347-50tf; listed species, 575, 577t; soil survey, 

329-30tf 

Mount St. Helens, 239 

MrSID, 296 

Multiple Yield and Sustained Yield Act, 198 

Myers, D., 107, 109-10f 

Nash, R., 13, 14 

Nashville (TN), 361 

National Aerial Photography Program, 288 

National Association of Home Builders, 109, 134 

National Audubon Society, 28 

National Biological Information Infrastructure (NBII), 307 

National Drought Mitigation Center, 242 

National Environmental Policy Act (NEPA), 21, 29, 62, 

198-99, 247. See also Environmental impact assessment 

and statement 

National Estuarine Sanctuary Program, 550 

National Flood Insurance Program, 80, 197, 243; coastal 

flooding, 219-23; floodplain management, 210-11f 

National Forests, 42; and collaboration, 72-73; ecosystem 

management, 247-49; management planning, 198-99. 

See also Public lands 

National Governors Association, 186 

National Land Trust, 91-92 

National Mapping Program, 285 

National Marine Fisheries Service, 271, 545, 575, 580, 582. 

See also Endangered Species Act 

National Oceanic and Atmospheric Administration, 470, 

550-51. See also Coastal Zone Management Act 

National Parks and Park Service, 76, 78-79, 470, 610; man- 

agement planning, 198-99. See also Carrying capacity; 

Public Lands 

National Pollutant Discharge Elimination System (NPDES), 

439 

National Research Council, 252-3, 315, 470, 539-40 

National Resources Inventory (NRI), 46, 344, 352-53f; wet- 

lands, 541. See also Agricultural lands; Erosion 

National Spieleology Society, 232f 

National Water Quality Inventory, 397f 

National Watershed Forum, 261-62 

National Wetlands Inventory, 539f 

National Wildlife Federation, 5, 13, 46 

Natural Community Conservation Plan (NCCP), 583-89. See 

also Endangered Species Act; Habitat Conservation Plan- 
ning 

Natural drainage, 113-14. See also Stream: restoration 

Natural hazard mitigation, 4, 43-44, 75, 76, 96, 200-6; 

coastal hazards, 215-24; flooding, 206-15; seismic haz- 

ards, 233-40; slope stability, 225-29; support problems, 

229-33; wildfires, 241-42 

Natural Resources Conservation Service (NRCS), 257, 439; 

conservation corridors, 523-24, 558-81, 563-69; land 

conservation, 79, 81, 103, 196; soils, 326, 333, 344-45; 

stream restoration, 469, 474 

Natural Resources Defense Council, 6, 13, 14, 143, 172 

Nature Conservancy, The, 6, 14, 42, 76; compatible economic 

development, 598-99); ecoregional planning, 249-52f, 

307-10f: habitat conservation, 564b, 575, 580; holdings, 

83-86t; rapid ecological assessment, 518-21f 

Nebraska, 242 

Negotiation, 31. See also Collaboration 

Nelson, C., 142, 205-6, 239 

Nevada, 79, 85, 179-84 

New Hampshire, 84 

New Jersey, 83-84, 91, 547-48; growth management, 

184-87. See also New Jersey Pinelands 

New Jersey Pinelands, 176-79 

New Madrid (MO), 234 

New Mexico, 85 

New Urbanism, 39-40, 48, 115, 139; Charter of the, 115-17; 

Congress for the, 40, 108-10f, 115-17; projects, 120-26 

New York, State of, 84, 185; stormwater management, 449f, 

451f, 458-60t, 461-65f. See also Adirondack Park Agency 

New York City, 112, 143, 174, 268 

No-net-loss policy, 542, 552. See also Wetlands 

Nonpoint source (NPS) pollution, 363, 391-93, 514-15b; 

control of, 434, 439-41; and impaired waters, 396-99¢f; 

sources of, 400-5t. See also Stormwater; Total maximum 

daily load (TMDL); Water: quality 

North Carolina, 100, 122, 265 

Northridge earthquake, 205-6, 233 

Northwest Environment Watch, 189f 

Noss, R., 565, 582 

No Surprises Assurances, 578, 581-82. See also Endangered 

Species Act 

_ Nutrient management, 446-47 

Oakland (CA), 236, 241 

Office of Ocean and Coastal Resources Management, 550-52 

Oklahoma, 500f 

Olmstead, F L., 95-96, 112 

O’Looney, J., 303, 305 

1000 Friends of Minnesota, 164f 

1000 Friends of Oregon, 189 

Open channel flow, 386 

Open space planning, 95-102. See also Green infrastructure; 

Greenways 

Orange County Central-Coast NCCP (CA), 584-85 

Oregon, 79, 94, 122; forest canopy, 526, 528; growth manage- 

ment, 160, 184—85, 186-91; natural hazard mitigation, 

204, 241; wetlands, 547-48. See also Oregon Plan for 

Salmon and Watersheds 

Oregon Plan for Salmon and Watersheds, 265, 267-72 

Orthophotoquads, 288-89f, 293, 296 

Ortolano, L., 612, 616 



Overlay analysis, 303. See also Geographic information sys- 

tems (GIS) 

Overlay zoning, 143, 151, 154-56f, 158, 168; for wellhead 

protection, 506 

Palustrine wetlands, 535f 

Parks and recreation planning, 95-96. See also Green infra- 

structure; Greenways; Open space planning 

Participation: process, 61-65; public/citizen, 26-27, 30, 50, 

53; tools for, 65-69. See also Collaboration; Design; Partic- 

ipatory planning; Social capital 

Participatory planning, 16-17, 18-19, 26-27, 48. See also 

Collaboration; Design; Participation; Social capital 

Peak discharge, 372; assessing, by Rational method, 376-79; 

assessing, by TR 55, 378-91; and impervious surface, 

373-76f. See also Stormwater 

Pedestrian pocket, 118 

Pennsylvania, 82-83, 91, 129, 195 

Percolation rate, 318, 322 

Perennial stream, 367 

Performance zoning. See Zoning 

Permeability; of soils, 318, 321; and aquifer recharge, 480-82 

Petaluma (CA), 164 

Phased development, 143, 151, 164, 181-82. See also Boul- 

der (CO); Tahoe Regional Planning Agency 

Phillips, C., 199, 246-48, 266, 616 

Phoenix (AZ), 83 

PhotoFinder, 291 

Photo simulations, 68, 125f, 131f 473f. See also Price, S. 

Phytoremediation, 352 

Piezometric/potentimetric surface/potential, 481f, 

483-85f 

Planned Unit Development (PUD), 160 

Planning, 16-18; adaptive, 18, 33-34; advocacy, 18, 32, 51-52; 

district, 49-50, 144—45; environmental planning, 16-17; 

functional, 50, 14445; incremental, 18; land use, 48-50, 

442; open space, 95-102; parks and recreation, 95-96; par- 

ticipatory, 18, 26-27, 48, 61-69; process, 17-20, 19b, 42, 50, 

57, 63, 97b, 138-39, 253-55, 275-76, 509, 525f, 567-69; 

rational-comprehensive, 18, 33; regional, 40, 116-17, 

136-38, 170; rural planning, 41-42, 92-93; transect, 121. 

See also Participation; Site planning 

Planning process. See Planning 

Police power, 5, 28-29. See also Property rights protection; 

Takings; Zoning 

Politics, 26, 31. See also Collaboration; Participation 

Pollak, D., 585-89 

Porosity, 319, 480 

Porous pavements, 454 

Portland (OR), 100, 137-38, 160, 189-90. See also Oregon; 

Planning; Urban growth boundaries 

Precipitation, 364-65 

Price, S., 125f, 129, 131f, 139, 472, 473f. See also Photo sim- 

ulations 

Prime farmland, 324-25, 343-44 , 594f. See also Agricultural 

land; Land Evaluation and Site Assessment (LESA) 

Prince George’s County (MD); 436-37t, 447f, 460-62t. See 

also Low impact development (LID) 

Proffers, 158 

Project Impact (FEMA), 206 

Index = 

Property rights protection, 28-29, 33, 54, 76, 87, 149-50, 

551. See also Police power; Takings 

Property taxes, 88, 93-94 

Proximity analysis, 302f. See also Geographic information 

systems (GIS) 

Public lands, 42, 78-79, 198-99. See also U.S. Bureau of 

Land Management (BLM); National Parks and Park Ser- 

vice; U.S. Fish and Wildlife Service; U.S. Forest Service 

Public Participation GIS (PPGIS), 304, 310-11 

Public trust, 28 

Public water systems, 500 

Public workshops, 66-67. See also Collaboration; Partici- 

pation 

Purchase of agricultural conservation easement (PACE), 91 

Purchase of development rights (PDR), 81-83, 88, 91, 

93-94t, 163f 

Pyroclastic flow, 240f 

Queries, 302. See also Geographic information systems (GIS) 

Radburn (NJ), 112 

Rainfall distribution types, 391 

Ramapo (NY), 164 

Rapid assessment, 18, 258-59t, 276, 518-21f, 591, 598-99b. 

See also Compatible economic development 

Raritan Watershed (NJ), 596-97f, 603-4f 

Raster format, 302, 303. See also Geographic information 

systems (GIS) 

Rational-comprehensive planning. See Planning 

Rational Method, 376-79. See also Peak discharge 

Recovery Plan, 578. See also Endangered Species Act 

Recreation, 95-103, 540. See also 

Planning 

Rees, W., 612 

Regional City, 40, 170 

Regional Earth Science Application Center (RESAC), 294f 

Regional planning. See Planning 

Regulations, 5, 282-89, 31, 80; coastal zone, 551-53; endan- 

gered species, 575-89; environmental impact, 612-16; 

groundwater, 506; growth management, local, 142-44, 

150-65; growth management, regional, 171-72, 175-76; 

growth management, state, 1 79-84; threshold standards, 

609-10, wetlands, 536-38. See also Takings; Zoning 

Remote sensing: aerial photos, 

287-89f; fundamentals, 285-87; monitoring, 293-96tf; 

and rapid assessment, 518-21f; satellite data, 290-92f. 

See also Aerial photographs; Landsat 

Resource Conservation and Recovery Act, 129 

Resource Protection Areas (VA), 307, 573 

Resources for the Future, 45 

Restoration: coastal, 553; ecological, 252-53; habitat, 

562-63; stream, 441-42, 467-78f; wetland, 544 

Rhode Island, 184-87 

Richardson, J., 148 

Richmond (CA), 472, 473 

Richter Scale, 234 

Riley, A., 370, 469-70 

Riparian buffers. See Buffers 

Riparian lands, 82, 373, 522-24, 556; restoration, 467-78 

Risk, 43, 200-1. See also Natural hazard mitigation 
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Riverside (CA), 584 

Roanoke (VA), 489, 526 

Robertson, D., 248, 266 

Rocky Mountain Institute, 135 

Rosgen, D., 370-1f 

Roth, R., 231 

Runoff, 367-70; assessing, 376-91tf; effects of land use, 

371-76f; and groundwater, 488; pollution, 400-4tf. See 

also Nonpoint source (NPS) pollution; Peak discharge; 

Stormwater: management; Watershed 

Runoff coefficient (Rational Method), 376-79 

Runoff coefficient (Simple Method), 404 

Runoff pollution. See Nonpoint source water pollution 

Rural planning. See Planning 

Safe Drinking Water Act (SDWA), 500-1 

Safe Harbor Agreement, 578. See also Endangered Species Act 

Saffir-Simpson Hurricane Scale, 217 

Salmon, 267-72 

Saltwater intrusion, 484 

Salveson, D., 542-44f, 547-48t 

San Bruno Mountain (CA), 575 

Sand filter, 453-54, 459-63 

San Diego (CA), 584-89 

San Francisco (CA): Bay Conservation and Development 

Commission; 171-73f, 552-54; seismic hazard mitigation, 

236-37f; slope stability, 228-29f. See also Association of 

Bay Area Governments 

Sanibel Island (FL), 605-7 

San Joaquin Valley (CA), 230-1 

San Juan Preservation Trust, 86 

San Mateo County (CA), 514-16f 

Santa Clara County (CA), 499f, 602-3f 

Satellite data and imagery, 290-96f, 298, 518-21f, 526-28f. 

See also Landsat; Remote sensing 

Sayre, R., 282f, 518-21f 

Scale, 277, 280-1f. See also Mapping 

Schueler, T.; stormwater management, 403-5, 444-46; water- 

shed management, 255-59f, 261. See also Center for Water- 

shed Protection; Metropolitan Washington Council of Gov- 

ernments; Stormwater; Watershed management 

Scoping: in environmental impact assessment, 614; in plan- 

ning process, 18-9, 275 

Scott, T., 558, 562-63 

Seattle (WA), 366 

Seismic hazards, 43; earthquake, 233-39f; volcanic, 239-41f. 

See also Natural hazard mitigation 

Septic systems, 173, 321-22, 340-43, 445, 487 

Shared capital, 54. See also Collaboration; Participation; 

Social capital 

Sher, B., 586 

Shoreline protection, 215-24, 444-46, 541 

Shrink-swell, 320-22 

Sierra Club, 5, 13, 14 

Simple Method, 403-4. See also Nonpoint source(NPS) pol- 

lution; Schueler, T. 

Sinkholes, 231-33f. See also Karst 

Site planning, 67-69f, 91-93f, 115-25f; and natural hazards, 

210f, 216f, 219-25f, 230, 236-39f; and regulations, 

156-60f; and stormwater management, 442-46f, 

446-57f. See also Design; Low-impact development; Plan- 

ning; Sustainable communities 

Sliding scale zoning, 151, 153-54 

Slingerland, G., 582 

Slope: analysis, 282, 335-41f; map, 227; stability, 43, 

225-29bf, 515. See also Natural hazard mitigation 

Smart growth, 39, 47, 110, 122, 139-40; and biodiversity, 

573; and land conservation, 103; management 141-42; 

Maryland, 191-93f; Matrix, 165, 167; in states, 183-86; 

Twin Cities (MN), 174t. See also Growth management 

Smith, A., 294 

Smith, T., 240, 248, 579-80 

San Diego Multiple Species Conservation Plan (MSCP), 

584-86 

Social capital, 34, 54-55. See also Collaboration; Shared capi- 

tal 

Society for Ecological Restoration, 252-53t 

Soil: compaction, 325-26, 351-52; erosion, 322-23f, 330, 

351-61 tf; fundamentals, 317-25tf, 344-62tf; and ground- 

water, 492-94; quality, 318-19, 325-26f; stability, 

320-21t; suitability, 328-34b¢f; survey, 326—-35t, 345, 492; 

urban, 351-52. See also Erosion; Land Evaluation and 

Site Assessment (LESA) 

Soil and water conservation districts, 81 

Sonoma County (CA), 166 

Sonora Desert, 250-51f 

South Africa, 410 

South Carolina, 221-23, 257 

Southern California Multispecies NCCP 584—-85f 

Species richness, 512, 564-66. See also Diversity 

Spectral reflectance, 286-87 

SPOT satellite, 290 

Sprawl, urban, 36-40, 54, 106-8, 194. See also Growth man- 

agement; Smart growth 

Sprawl Watch Clearinghouse, 104 

Springs, 481. See also Groundwater 

Stafford Act, 203-4 

Stakeholders, 18-19, 26, 27, 30, 34; in comprehensive plan- 

ning, 50-52; involvement, 55-61; in land conservation, 

78, 96; in sustainable design, 138; in watershed manage- 

ment, 254; in urban biodiversity, 574. See also Collabora- 

tion; Participation 

Stankey, G., 610-11 

State Conservation Agreement, 578. See also Endangered 

Species Act 

Stewardship, 102-3 

Stillwater (MN), 125f 

Storage equation, 464 

Stormwater: computer models, 375; conveyance/open chan- 

nels, 448, 456-58f, 459-63t; detention, 446-57, 459-67; 

infiltration, 448, 454-6, 459-63; management, 209, 

434-8, 441-66; management practices, 447-67; ordi- 

nances, 436-38; ponds, 448, 450-51, 459-67; treatment, 

441, 447-65; utilities, 438; wetlands, 448, 451-53, 

459-63. See also Nonpoint source (NPS) pollution; 

Runoff; Watershed 

Stratigraphy, 483 

Stream: classification, 370-1; meander, 368-70, 472-74; 

restoration, 96, 434, 441-42, 467-78tf; walk, 407-9. See 

also Riparian lands; Runoff; Stormwater; Watershed 
Stream bank, 363; assessment, 406-12, 41 7-20tf; restoration, 

469-78. See also Bioengineering; Erosion; Monitoring 

Stream channel capacity, 427-33tf. See also Natural 

drainage; Stream: restoration 



Streamside biosurvey, 408-1 0f, 422-26f 

Subdivision ordinances, 142—43, 150, 152, 

Subsidence, 229-31f 

Suitability: habitat, 563; land use, 591-94, 599-604; soil, 

328-34 

Superfund program, 45, 129 

Sustainable communities, 106, 115. See also Community- 

sensitive design; Design; Indicators; Planning; Smart 

growth 
Sustainable design. See Design 

Sustainable development, 12. See also Sustainable communi- 

ties 

Swales, 456-58, 460-63. See also Stormwater 

Tahoe Regional Planning Agency, 179-84¢f, 608-10t 

Takings, 29, 94, 149-50, 221-23. See also Law; Police power; 

Property rights protection; Regulations; Zoning 

Tax Incentives, 22; in growth management, 167; in land con- 

servation, 80, 88-92 

Tax policies, 39, 50; in growth management, 143, 165-68, 174 

Tectonic plates, 233-34f 

Tennessee, 184-87, 268 

Tennessee Valley Authority, 170 

Tephra, 240 

Terhune, I.L., 1 

Terra satellite, 290-92 

Texas, 79, 122, 216, 230, 242, 483, 489, 401, 506. See also 

Austin (TX); Edwards Aquifer (TX) 

Thresholds, environmental: in community indicators, 

313-15t; in environmental impact assessment, 612-14f; 

in Lake Tahoe, 179-84tf, 604-12f. See also Community 

indicators 

Tiered approach, 270-71, 276 

Time of concentration, 376-79f 

Tomlin, D., 303f 

Topography, 282, 235—-40f 

Tornado alley, 242 

Total maximum daily load (TMDL), 260, 441-42. See also 

Nonpoint source (NPS) pollution; Water: quality 

Toxic pollution, 45 

Traditional neighborhood development (TND), 120-26f 

Transect planning. See Planning 

Transfer of development rights (TDR), 93-94, 143, 151, 

162-64f, 168, 177-78f, 183-84. See also Montgomery 

County (MD); King County (WA); Lake Tahoe; New Jer- 

sey Pinelands (NJ) 

Transit-oriented development (TOD), 118-20f, 137. See also 

Calthorpe, P 

Transportation, 39, 96, 106, 112, 116; and sustainable com- 

munities, 117-21 

Tree Protection, 535-38 

TR-55, 378-91if, 414-16, 459, 465-67, 462, 526. See also 

Peak discharge; Runoff; Stormwater 

Trust for Public Land, 76, 84-85, 87-90t, 95 

Twin Cities (MN), 112; Metro Council, 100, 122, 125-26f, 

139, 161, 166, 172-74t, 601 

Underground storage tanks, 487 

Unified Soil Classification System, 321-22t 

Universal Soil Loss Equation (USLE), 352-57tf 

Urban biodiversity, 103. See also Diversity; Habitat Conserva- 

tion Planning; Urban wildlife 

Index 

Urban containment. See Urban growth boundaries 

Urban design. See Design 

Urban forestry, 96; canopy analysis, 526-28?f; inventories, 

530-34f; management, 534-38; ordinances, 536-38; 

planning, 528-30 

Urban growth boundaries, 40, 110, 137-38, 151, 167; Port- 

land (OR), 138f; King County (WA), 148f; Boulder (CO), 

160-62f; Twin Cities (MN), 174; Oregon, 188-89f 

Urban scils. See Soil 

Urban wildlife, 568-75; See also Habitat Conservation Plan- 

ning, Urban biodiversity, Wildlife habitat 

U.S. Bureau of Land Management (BLM), 76, 77, 198-99, 

247 

U.S. Council on Environmental Quality, 38 

USDA Agricultural Capability Classification, 324-25, 343, 345 

USDA National Sedimentation Laboratory, 356 

USDA Textural Classification, 323-24f 

U.S. Department of Agriculture (USDA), 317, 323-25, 

343-44, 440, 447, 465-68, 474, 523-24, 547. See also 

Natural Resources Conservation Service; U.S. Forest Ser- 

vice 

U.S. Department of Interior, 541, 547, 583. See also U.S. 

Bureau of Land Management; National Parks and Park 

Service; U.S. Fish and Wildlife Service; U.S. Geological 

Survey 

U.S. Environmental Protection Agency (EPA), 5, 51-52, 352, 

375; Project XL, 73; brownfields, 129-34; Environmapper 

Storefront, 297-98; groundwater, 489, 500-1, 506; and 

on-site wastewater, 340-43; Smart Growth Award, 618; 

urban heat island, 514; water quality, 392-93, 396-99, 

438-41, 461; wetlands, 546-47; volunteer water monitor- 

ing, 70, 408; watershed protection approach, 253-55, 

259-61. See also Total maximum daily load (TMDL); Non- 

point source (NPS) pollution; Clean Water Act; Safe 

Drinking Water Act 

U.S. Fish and Wildlife Service, 246, 297, 470; habitat conser- 

vation, 564, 570, 575-84, 587; wetlands 534. See also 

Endangered Species Act 

U.S. Forest Service, 42, 72-73, 198-99, 241, 470; ecosystem 

management, 246-49, 265-66; forest health, 524-25; 

urban forestry, 531-33, 538; wildfire, 202, 241-42. See 

also National Forests; Urban forestry 

U.S. Geological Survey, 470, 515; maps and remote sensing, 

282-86, 288-93, 296-98tbf; natural hazards, 225-26, 

233-36tbf, 240-41; watersheds, 257. See also Mapping; 

Remote sensing 

U.S. Housing and Urban Development, 144, 470 

U.S. Supreme Court, 143, 149, 164, 546 

Utah, 139 

Vadose zone, 481, 492-94t 

Values, environmental, 4, 6-9, 21, 22, 54. See also Ethics, 

environmental 

Van der Ryn, S., 115 

Vancouver (BC), 612 

Vancouver (WA), 189f, 526 

VARGIS, Inc., 292, 296 

Vector format, 301f, See also Geographic information systems 

(GIS) 

Vegetation: benefits, 514-15; buffers, 521-24bf; inventories, 

514-17¢f. See also Buffers; Landscape ecology; Urban 

forestry 
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Vegetative buffers. See Buffers; Corridors 

Veni, G., 232 

Vermont, 83-84, 91, 185, 341 

Village Homes (Davis, CA), 113-15f, 134 

Virginia, 122, 185, 252, 254-55, 304, 307, 484-85, 506-7; 

Chesapeake Bay program, 195-96; stormwater manage- 

ment, 446-53, 456-57, 461. See also Blacksburg (VA) 

Visitor Experience and Resource Protection (VERP), 611 

Visualization, 303-5f, 306-9f 

Visual surveys, 69-70f 

Walkable communities, 117—26tf. See also Cluster develop- 

ment; Compact development; Sustainable communities; 

TND; Transit-oriented development 

Washington, State of, 86, 146, 161, 165; environmental 

impact statements, 194-95, 615-16; growth management, 

184-87, 189-90f; volcanic hazard, 240-41f; water quality 

standards, 396-97, 552-53; watershed management, 269 

Washington (DC), 526 

Waiter: pollutants, 392—95t; beneficial uses 395—400tf; qual- 

ity, 44-45, 392-95, 541, 549; quality indicators, 399-400; 

Quality Standards (WQS), 396-97¢; source protection, 

500-1; supply, 242-43, 260, 363, 500-1. See also Estuar- 

ies; Groundwater; Lakes; Nonpoint source (NPS) pollu- 

tion; Stream; TMDL; Watershed; Wetlands 

Water balance, 364-67f 

Water Erosion Prediction Project (WEPP), 357 

Water Quality Volume (WQ,),403, 438, 440, 459-64 

Water table, 481 

Watershed: assessment, 258-60); classification, 258-59; 

delineation, 368-69b 

Watershed management, 33, 51-52, 470-72b, 244; applica- 

tions, 267-72; institutional arrangements, 261-64; princi- 

ples, 253-58. See also Oregon Plan for Salmon and Water- 

sheds; Water 

Watershed Protection Approach, 51, 254-55 

Way, D., 601 

Wellhead protection, 488, 501-7f 

West Virginia, 342 

Wetland Reserve Program, 80-81, 196, 541, 546, 

Wetlands, 46, 80, 96, 215, 538—49btf; constructed, 448, 

459-63f, 539—40, 543; mitigation, 542-47bt; restoration, 

543; stormwater, 451-53, 459-63. See also Mitigation; 

Wetland Reserve Program 

Wetted perimeter, 384f 

Wildfire hazards, 44, 200, 241-42, 524 

Wildlife habitat, 46, 75-76, 79, 80, 81, 85, 86, 92, 149; coastal, 

549, evaluation, 563-66; principles, 510-11, 555-63f; 

Green infrastructure, 95—103f; riparian, 467, 472, 475, 

478; wetland, 541. See also Endangered Species Act; Habi- 

tat Conservation Planning; Habitat fragmentation; Habitat 

~ niche; Habitat Suitability Index; Landscape: ecology 

Wildlife Habitat Management Institute, 565 

Willamette Valley (OR), 188—-90f, 271, 526, 528. See also 

Oregon; Portland (OR) 

Wilson, E. O., 562 

Wisconsin, 265, 552 

With-without analysis, 613-14f 

Witten, J., 481-83f, 484f, 502-3f 

Wondelleck, J., 55, 57-60 

Working landscapes, 4, 76, 82-83, 91, 96, 98, 102-3f; tools to 

conserve, 92—95tf. See also Agricultural land; Forest 

Yaffee, S., 55, 57-60, 246, 248 

Yaro, R., 126-27 

Yellowstone Ecosystem, 247 

Young, J., 13 

Zahm, D. 61-62, 65-67 

Zinn, J., 79, 546 

Zipper, C., 231 

Zone of contribution, 502f. See also Wellhead protection 

Zone of influence, 502f. See also Wellhead protection 

Zoning, 48, 50, 93-94, 521; in Adirondack Park, 175-6; and 

build-out analysis, 616-23f; conditional, 158; conservation, 

156-58f; conventional, 150-52f; flexible, 160; and ground- 

water protection, 506; and growth management, 142-44b; 

overlay, 154—56f; performance, 158-60; sliding scale, 

151-52¢; and sprawl, 37-39. See also Growth management; 

Police power; Regulations; Smart growth; Takings 
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Planning/Environment/Landscape Architecture 

Environmental Land Use Planning and Management is a unique new textbook that presents a 

diverse, comprehensive, and coordinated approach to issues of land use planning and manage- 

ment and their impacts on the environment. It builds on recent advances in environmental 

science, engineering, and geospatial information technologies to provide students with the foun- 

dation they need to understand both natural land systems and engineering approaches that can 

mitigate impacts of land use practices. While offering a base of knowledge in planning theory 

and natural science, its primary emphasis is on describing and explaining emerging approaches, 

methods, and techniques for environmental land use planning, design, and policy. 

Advance Praise for Environmental Land Use Planning and Management: 

“John Randolph provides a splendid, comprehensive source for the environmental aspects 
of land use planning. Anyone sian Bt to prepare a land use plan should start with this 
useful book.” 

—Frederick Steiner, Dean, School of Architecture, University of Texas at Austin 

“Planners, decision-makers, engineers, environmental advocates, and ecologists alike will benefit 

from the wide range of concepts, methods, approaches, and perspectives Randolph synthesizes in 
this book. He skillfully weaves ecology, landscape architecture, engineering, planning, political 

science, GIS, and economics together to define environmental problems and to analyze emerging 
management solutions through technical, political, and social lenses, with countless examples and 
case studies. This is a ‘must have’ book for practitioners, educators, and students alike.” 

—Cheryl K. Contant, Professor and Director, City and Regional Planning Program, Georgia Institute of Technology 

“Environmental Land Use Planning and Management is a welcome tool for defining a practice that ~ 

draws on many professions. John Randolph’s text fills a void in education and guidance of those 
who design land futures in light of natural resource constraints and opportunities in both the pri- 

vate and public sectors. This book will change the way we teach environmental planning.” 

—Bruce Stiftel, Professor of Urban and Regional Planning at Florida State University 

John Randolph is Professor of Environmental Planning and Director of the School of 
Public and International Affairs at Virginia Polytechnic Institute and State University in 
Blacksburg, Virginia. 
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