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1.0 Introduction

Source: https://freshwaterwatch.thewaterhub.org/content/ecosystem-services

Figure 1.0 Type of Ecosystem Services

• Tangible or Intangible goods that derive from ecosystem function 
and processes that benefit human directly and indirectly. 

The outskirts of Muar, Johor- Provision & Cultural
Service

Foothills of Mt Kinabalu, Sabah – Regulating, 
Cultural and Supporting services

Gunung Senyum Pahang (Smiling 
Mountain Recreational Park)
Cultural services

Supporting service provide natural habitat 
to living organism as well as maintaining 
genetic diversity and nutrient cycle. 



2.0 Problem Statement

Urbanization and Increasing Population 

-Overpopulation -> shortages of all resources, climate changes, war and social conflict, habitat fragmentation, limited 
space and overcrowding (IPS, 2014).

-Urbanization -> energy consumption and carbon emission (Liddle, 2013)

-Rapid urbanization - > habitat fragmentation, reduction of cultivated fields and natural amenities, as well as 
deprivation of open space for recreational uses (Shrestha, York, Boone, & Zhang, 2012)

As development escalates with demand, 
natural resource such as forest lands are 
replaced with commercial plantation, 
infrastructures and housing to 
accommodate the excessive growth in 
human population and industrial 
development. Unrestrained development 
and urbanization has appeared to further 
degrade the condition of environment in 
sustaining life on Earth. This phenomenon 
is happening in most of the developing 
countries, and one of it is Malaysia in the 
tropical region (Foo & Hashim, 2014). 

In beginning, forest cover is converted to agricultural land and also built-up areas to cater 
human needs and economic growth. Later, agriculture land also threatened by urban sprawl due 
to the increasing need of new housing area, commercial floor and industrial land (Abdullah & 
Nakagoshi, 2007; JPBD, 2010). LULC changes have appeared to worsen the condition of 
environment (Foo & Hashim, 2014). More critically, inappropriate planning also further 
contributed to calamity such as flood and erosion (Tan-Soo et al., 2014; Foo and Hashim, 2014). 



2.0 Research Gap

Figure 2: The number of ecosystem services’ studies across the globe 
Source: Seppelt et al. 2011

-Reviewed more than 50 literature Qua & Quan from 1990s to 2010s 

-landscape and urban planning, ecological economics, population and environment, urban forestry and urban greening, 
landscape ecology, biological conservation, land use policy and others.

-Identify relevant literatures through using the keywords of ecosystem services, biodiversity, land use (land cover), trade-
offs, scales, model and urban-rural gradient.

Figure 3: Regulating services (n=141), the second is provisioning services (n=71), 
then cultural services (n=58) and supporting services (n=30)
Source: Malinga et al. 2014



In landscape (land use) planning, landscape changes 
influence the functions of ecosystem properties and thus 
affecting the service supplies. Usually, the affection is 
not limited to specific service alone but multiple 
ecosystem services (bundle) provided by that ecosystem 
(De Groot et al., 2010). When the ecosystem services respond 
differently to landscape changes, this is where the trade-
offs emerge.

*Many study has focused on ES service on single service alone (see Figure 3).  Little studies has emphasized on trade-offs. 
• Nelson et al. (2009) : water quality, soil conservation, storm peak management, carbon sequestration, biodiversity conservation and market value of 

commodity production

• Raudsepp-Hearne et al. (2010): focused on the relationship of 12 services (see pp. 5243) 

• Grêt-Regamey et al. (2013) : air temperature regulation, water consumption and habitat services 

However, most of them did not evaluate the weightage should be given to each service. For example which service should 
be given more priority than the others or there are equally important? 

Therefore, this study aims to evaluate the trade-offs of ES from provision service, cultural service and regulating service. 



Research Aim

The aim of this study is to investigate and map the value of ecosystem services (provision, regulating, cultural) in a detail 
context (plot/village scale) at urban-rural gradient town within a tropical landscape. By assessing different ES can assist in 
making its trade-off explicit, thereby broaden the room for a more sustainable city planning  and policy innovation. To 
achieve the research aim two research objectives are formulated. 

Research Objectives

First objective is to identify the linkages of land-use dynamic to ecosystem services in an urban-rural gradient’s town. The

objective is further segregated into two sub-objectives.

i. To identify the changes of land use at urban, suburb and rural areas within plot scale.

ii. To evaluate the ecosystem services including temperature, recreation, and food provision within the selected study areas.

Second objective is to evaluate the change of landscape patterns affect the bundle of ecosystem services (temperature, 

recreation and food provision) and its trade-offs. The objective is further segregated into two sub-objectives also.

i. To develop a new projected landscape patterns according to conserve, develop and planning trend 

ii. To differentiate the trade-offs and synergies of ecosystem services between temperature, recreation and food provision

3.0 Aim and Objectives



The selected parameters are also related to the environmental problems of developing country. For example, urbanization 
and rapid development that positively increase air temperature (Bowler, 2010); reduction of cultivated fields as well as 
deprivation of open space for recreational uses (Shrestha et al., 2012).

(i) Mapping of the temperature map can assist stakeholder to foresee the change of temperature between urban, 
suburban and rural areas. This also indirectly improve their awareness about the benefits of nature provided. 

(ii) Mapping of recreation map allows the stakeholder to improve the existing green spaces for recreational uses. 
Therefore, providing more opportunity and promote public interest for outdoor engagement. 

(iii) Mapping of food provisioning also an important factor to self-sustain and for commodity purposes.

4.0 Significance and Scope of Study



5.0 Hypothesis

In the resources constraint system, it is difficult to sustain all the

ecosystem services. This study evaluate the deviation of

services provision within three different gradient including

urban, suburb and rural areas.

It is assumed that urban area will generate highest air

temperature and provide lowest recreational opportunity as well

as food supply. In contrast, rural area will generate lowest air

temperature and provide moderate recreational opportunity and

food supply. While suburb area is assumed to have moderate in

both air temperature and recreational opportunity but with

highest food supply.



6.0 Conceptual Framework

The evaluation of landscape and system 
dynamics can be run by using InVEST, albeit 
the pattern has high level of complexity. 
InVEST consists a suite of models that use 
land cover patterns to estimate ecological, 
social-cultural and economic values of 
ecosystem services provided by the natural 
capitals (Nelson et al. 2009). In general, 
InVEST model can be used to predict the 
provision of ecosystem services across space 
and time (Figure 3.4.2).

InVEST and Bundle of Ecosystem Services

The flower diagrams illustrated three 
hypothetical landscapes and its trade-off: a 
natural ecosystem (left), an intensively 
managed cropland (middle), and a cropland 
with restored ecosystem services (right). 
Source: Foley et al. (2005)



The idea of InVEST simulation is profound but the prognostic model is presented on single factor only. In this circumstance, 

we integrated the InVEST model and the conceptual framework (Foley et al., 2005) and produced a new version of idea as 

shown in Figure 3.4.4. 

LULC 

LULC

Conserve Trend

Development Trend

Planning Trend

Projected Landscape Pattern Trade-off or Synergies

Temperature

Commodity Production

Recreations Opportunity



5.0 Methods

Study areas

Summary of Conurbation, Area and Population (Source: JPBD, 2010, pp5-39)

-Lumut & Setiawan No data

Potential Site Potential Site

All data are extracted from Geo-Portal 
JPBD

-Muar and Manjung more 
diverse landscape pattern

-Muar is selected to be the study area 
due to data availableness from MPM, 
2010 and Google Map 2015.



Methodological Design
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Figure 4.4.1: Percentage of urbanization from a to l : Bandar Maharani (39.19%), Jalan Bakri 

(23.83%), Parit Bakar (14.23), Sungai Terap (13.17%), Parit Jawa (10.43%), Seri Meranti 

(9.12%), Sungai Balang (8.80%), Sungai Raya (8.63%), Ayer Hitam (6.18%), Jorak (4.66%), 

Bukit Kepong (1.97%) and Lenga (1.61%).   
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Assess ES Based on 
Latest LULC data

C

Regulating Service ( 
Temperature Map)

Cultural Service ( Recreation 
Provision Map)

Provision Service( Commodity/ 
Food Provision)

Building Height

Tree (Height & Density)

Surface Material (Grass, Concrete, Alsphalt, Sandy, Loamy)

Wind (Speed, Direction, roughness length)

Humidity (Specific & Relative)

Identify on site

Initial air Temperature

Metrological 
department

LULC Map

Accessibility (road/path)

Envimet- Simulation
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Water Proximity
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Viewsheds

Naturalness

Identify on site and self 
produce

RTD (MPM) & Literature

GIS Spatial Analysis
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Identify on site

Market Survey/ 
Literature

GIS Spatial Analysis

DEM



Urban Area - Raster format; Cell size = 5

Assess ES Based on 
Latest LULC data

C



7.0 Results

i. To identify the changes of land use/ cover at urban, suburb and rural areas within the plot scale.

LULC
Area(h

a)
%

Agriculture 41.17 8

Barren land 28.80 6

Built-up area 216.25 45

Forest 74.71 15

Open &

recreational

space

56.91 12

Road 68.16 14

LULC
Area(h

a)
%

Agriculture 42.19 9

Barren land 21.11 4

Built-up area 219.11 45

Forest 70.81 15

Open &

recreational

space

64.10 13

Road 68.68 14

LULC
Area(ha

)
%

Agriculture 410.14 84

Barren land 1.74 0

Built-up area 11.96 3

Water body 3.82 1

Open &

recreational

space

45.21 9

Road 13.13 3

LULC
Area(ha

)
%

Agriculture 381.05 78

Barren land 11.74 2

Built-up area 13.35 3

Water body 3.82 1

Open &

recreational

space

62.34 13

Road 13.70 3

LULC
Area(ha

)
%

Agriculture 304.43 63

Barren land 80.36 17

Built-up area 1.30 0

Forest 77.42 16

Open &

recreation

space

15.70 3

Road 6.79 1

LULC
Area(ha

)
%

Agriculture 302.52 62

Barren land 97.46 20

Built-up area 1.30 0

Forest 61.96 13

Open &

recreation

space

16.66 3

Road 7.10 2



Site visit to identify the current condition and type of LULC

Rural Landscape

Suburb Landscape

Urban Landscape



Year 2015 2016 2017 2018

Semester 1 2 3 4 5 6 7 8

Literature Review

Subject Study

Identify Problems

Identify Research Gap

Formulation Aim and 

Objectives

Publication: Conference 

Paper/ Scopus

Research Methodology/ Design

Data Collection (GIS)

Framework Development

Data Analysis and Interpretation

(OB 1)

Publication: Conference 

Paper/ Scopus

(OB2 & OB3)

(OB4)

Publication: Journal IF

Thesis Writing 

8.0 Milestone

Currently at this stage


