tasdearAUdNTus IR Nasan s At aan9 1 U s lamnauszaetl w.A. 2531-2550
waznisaaaziunig ldUselaminauluawanlag lfuiudnase ag-a

o o =

v
Usnuguinineilaa) Samdngyiesnil

3

a A
WIBASIYEN DeIg A

IngninusiiudrunilsnesnisAneaunangaslsy o inenAansum g
ananaglanNand  NARTNBTIIANEN
ANEAINENANERT  ARNIAINTDINUNAINENAE
TnsAnm 2554
A1AN5I0I9YAINIINMNIN AT
Y 9 Y <3 a a o’nf/l 1= = Aq Y a [YRY
unAagotazududoyantiu@uvesineniinusawailinmsnm 2554 1lduims luadeilygrgma (CUIR)
I Y Aan Y a A S 1 o Aa a o

Wuududeyavestidadvesinerinusndeiunatiugdiainerde

The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository (CUIR)

are the thesis authors' files submitted through the Graduate School.



FACTORS AND THEIR RELATIONSHIPS AFFECTING LAND USE CHANGE DURING
1988-2007 AND PREDICTING FUTURE LAND USE BY CLUE-s MODEL
IN HUAI THAP SALAO WATERSHED, CHANGWAT UTHAITHANI

Mr. Katawut Waiyasusri

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Earth Sciences
Department of Geology
Faculty of Science
Chulalongkorn University
Academic Year 2011

Copyright of Chulalongkorn University



Thesis Title

By
Field of Study

Thesis Advisor

FACTORS AND THEIR RELATIONSHIPS AFFECTING LAND
USE CHANGE DURING 1988-2007 AND PREDICTING FUTURE
LAND USE BY CLUE-s MODEL IN HUAI THAP SALAO
WATERSHED, CHANGWAT UTHAI THANI

Mr. Katawut Waiyasusri

Earth Sciences

Assistant Professor Sombat Yumuang, Ph.D.

Accepted by the Faculty of Science, Chulalongkorn University in Partial

Fulfillment of the Requirements for the Master’s Degree

........................................................ Dean of the Faculty of Science

(Professor Supot Hannongbua, Dr.rer.nat)

THESIS COMMITTEE

........................................................ Chairman

(Professor Thanawat Jarupongsakul, Ph.D.)

........................................................ Thesis Advisor

(Assistant Professor Sombat Yumuang, Ph.D.)

........................................................ Examiner

........................................................ External Examiner

(Assistant Professor Sunya Sarapirom, Ph.D.)



psgal lhaae: Tadtuazanuduiuindnasensaauudasnslduss leniausswnd w.a.
2531-2550 uazn1smapzunsilslenavlueuanlng duusnass AQ-lag u?mmzimﬁywﬁfmﬁu
LARN ﬂ-i”wfquﬁﬂmﬁ. (FACTORS AND THEIR RELATIONSHIPS AFFECTING LAND USE CHANGE
DURING 1988-2007 AND PREDICTING FUTURE LAND USE BY CLUE-s MODEL IN HUAI THAP
SALAO WATERSHED, CHANGWAT UTHAI THANI) & fitfins~aneniinusvan :

HALAT. aNtR  eglileq, 206 wii.

o

AngAnmTafe AN NAN R UEN N Nasan1si At aans U s Tamin Aus wuanall w.A. 2531-2550

o o = o o

Tutnuguinficeriugan Aamdngiaanil lHviannsdne teelddeya 3 Ussindsznaufon deyandnniisiae

q al

v

sruLANIauIMANRAIaniuazdiayaainnisdiassasing dayaainnisdismaniaauin uazdayaainnis

AwnsnzilutiesdiFnas uenaininisfnuddadeliinanziudneurnisidlssleninaulueuaning 14

1 1 v
cala A

o Aﬂl [ v a = o '8 v s
wuURNaedAg-led Wednaesgtuuunisldlsylaninaunenaasiindu uarduamziaaaziunisldlssle g
aa & Ao ) ) \ o o
NARIUNUNAINANILFARZTINIATIATNAIAL

nsdaseiztuuunisldssleminanluguindicaiuiaasendnatl w.a. 2531-2550 lHannisuila
ANUNNE IALNTTLIUNTINIFNTARAZN1792NNNAGUIN ANHLTN AT AN AN LAz uanaNA LT BuaLWA Jan1s
a - LA Ay = = " | a = a e o
Aimszinudvunthinisdasundasninngs dauluniiianisidasuidastsomneunatseaguin ey
£ o a % U 09/ £ o/ d] | d’l ‘ﬂl U I:/ £ s k2 o
WA (Maesz1n) wartidninsdueanteguiieitiaadadununsuguuitn (Meviuaan uasie i)

¥
a A

= co o o o ealal . = Py ca  Wygvy S
nsaAsitladsuazAudunusidnanan1ailasuulasni sl dss laninau 16155 eyadanung

al
¥

WNeadies lHun szAuaugereniilsuma panaindu Enianidulaaeds szaziiaainaniin szaewngann
auu srazvaInuyling uazanuiaRy N1M1N193ATITITNITNA0RYIARARN  NANIIALATIZINLLN N
sananaliulasunlasaniunt Widuuiinemnsnssd Wasanidadbsyevinsannouuaziladasyeziieann
gupuilugadalififanisasuula
o A e‘d‘& A o ¥ o (dl
nsanamziuansuzns MilssTaminauluewanlagliuuuanassng-las THanans 2 nwmenisnin
wansinariis WLl w2570 e nsulasuulasgluuunisldss Temiauluennlaelilinsinnusaeuianaying
o " a0 A& 4 . - - .
waznnlasudasgluuunislseleminaulueanlneAn1siivuate LIRaYINE HAN1TTLATIZENLAN NN
wan190in 1 wudnunthldlfanauuasiuatnamninivasivesdensy 63 209WUITIMNA (AMnTatas 68 11l
2550) WUNFLIAEULLAILITNAINBUNANTBIGNTTLIART TULANWMANNTAIN 2 NUNMTIANTUTIR9LILILNNG
WselomimAuguauuaz@elgnainetsnnsen mMsneidiesaiudn uaziisnunziueanaesguiniios iy
3 = e=ln o = o & o o s & 4 Yo o o o a
laan fayauazuaiiasziin lfarnnisAnenluaiell awnsnirfeya@enun i dwivaduayunisandulaly

nsiniy AaenuazatuannsasuulasgUuuunislddss leminaulununquindisaiuiaa duszdnsnn

¥ 1
v A aa o

\w A a o a PRy o
EHWQLﬂugﬂﬁ?TNWNL ﬂﬂuﬂﬂulﬁj\‘iw 'V]'meL'Quiuﬂ']ﬁ‘ﬂqLuuﬂqﬁ‘wmﬁluslu@uqﬂm

AAITN RIEMEN meledeldn
#1173 lanAngns aeieTa 8. NUFNHINENTINUEUAN

YnnsAnmwn 2554



# # 5272238523 : MAJOR EARTH SCIENCES
KEYWORDS : GIS AND REMOTE SENSING / LAND USE CHANGE / CLUE-s MODEL / THAP SALAO
WATERSHED

KATAWUT WAIYASUSRI : FACTORS AND THEIR RELATIONSHIPS AFFECTING LAND USE
CHANGE DURING 1988-2007 AND PREDICTING FUTURE LAND USE BY CLUE-s MODEL IN
HUAI THAP SALAO WATERSHED, CHANGWAT UTHAI THANI. ADVISOR : ASST. PROF. SOMBAT
YUMUANG, Ph.D., 206 pp.

GIS and remote sensing data interpretation, field investigation, and laboratory analysis were
carried out to investigate dynamic spatial patterns of land use changes and to identify driving factors that
caused land use changes during 1988-2007 in Huai Thap Salao watershed, Changwat Uthai Thani.
Besides, the purpose of study was to simulate model of land use changes using CLUE-s model to predict
the future land use change in current.

Dynamic spatial patterns of land use changes in Huai Thap Salao watershed during 1988-2007
were detected from remote sensing interpretation and field surveys that were complied into a GIS
database. Various maps were constructed from those relevant parameters derived from the database.
Deforestation which the major change was mostly found in the central part (Huai Rabam stream) and the
eastern part (Huai Thap Salao and Huai Rang stream) of Huai Thap Salao watershed.

The affecting parameters, namely elevation, slope, mean annual precipitation, distance to
streams, distance to roads, distance to villages and soil textures were analyzed by logistic regression
analysis. The result revealed that the forest land had been changed to agriculture land and were related to
the distance to villages and the distance to roads in Huai Thap Salao watershed during 1988-2007.

The CLUE-s model was simulated from two scenarios, namely, scenario without restriction area
and scenario with reserved area in 2027. Without restriction area, the result revealed that the highest rate
of deforestation would be 63% (from previously 68% in 2007) and mostly in the central part of Huai Thap
Salao watershed whereas with reserved area, it revealed that the mostly increased land use category
would be urban and built-up land surrounding Amphoe Lan Sak in the eastern part of Huai Thap Salao
watershed. The final results from this research can be used as a spatial data for decision making in
handling, monitoring, and controlling the land use and forest management in order to enhance the land

use and forest management efficiency.
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CHAPTER |

INTRODUCTION

Deforestation in Thailand is mainly caused by human activities and is a major reason
of the degradation of the forest resources in the last 50 years. In 1961, Thailand issued the
economic and social development plan of the nations for the first time. It impacted the large
expansion of settlements, industries, and agriculture areas causing the invasion of the
upstream forests. In the year 1961, forests in Thailand covered an area of about 273,600
km® and they were left only 129,600 km® in the year 1998 (the Office of Surveying and Map,
Department of Forestry, 2002) It meant that throughout 37 years the forest areas were
decreased as an area of about 144,000 km” and the average decreased forest areas were
3,840 km® per year. The impacts from these decreased forest areas have caused both
direct and indirect effects on other resources (soil, water, air, etc.) in both of quantity and

quality terms which will consequently effect on human life in the country as well.

1.1 Rationale

Huai Thap Salao watershed also faced with problem of deforestation for agriculture
areas, especially in Khao Hin Lek Fai village, Tambon Rabam, Amphoe Lan Sak, Changwat
Uthaithani where people migrated to the area and built settlements since 1978 (Sutee
Sadee, 2007). The first waves of settlements in the area were compacted as clusters in
limited areas. The main economic activities in the area were depended on agricultures and
forests but there was the problem of inappropriate land use planning in this basin area
which was caused the degradation of natural resources (Prachumporn Niratsayakul, 1999).
Besides, the problem of soil erosion was also caused from the rainfall and surface runoff in
the slope areas too. Moreover, in the dry season there was the problem of water shortage
for agriculture activities (Office of Natural Calamity and Agricultural Risk Prevention, 2007).
So the understanding of patterns and affecting factors for land use changes are necessary

for the sustainable management of land use planning of Huai Thap Salao watershed. These



required information have not been studied by a systematic approach with the application
of remote sensing technology in conjunction with Geographic Information Systems (GIS) for

sustainable development in Huai Thap Salao watershed yet.

In general, land use changes was originated by evidence from empirical case
studies that identified both proximate causes and underlying forces of tropical deforestation
suggested that no universal link between cause and effect existed (Geist and Lambin,
2002). Rather than providing support for dominant theories of global deforestation
(neoclassical, impoverishment, political ecology), analysis of these studies showed that
tropical forest decline was determined by different combinations of various proximate
causes and underlying driving forces in varying geographical and historical contexts.
Besides, the study land cover and land use change process and its implication for
environmental condition and ecosystem functioning was conducted by Gonzales (2009), it
was essential to identify and recognized the services provided by the ecosystem. Remotely
sensed data together with GIS increase the capability to analyze the human impact on the
environment in quantitative, qualitative and spatial form (Jensen and Kiefer, 2007). The main
goal of this study was to generate the land cover and land use multi-temporal information.
Land use planning was the primary discipline to approach sustainable way of management.
The Conversion of Land Use and its Effects at Small regional extent modeling framework
(CLUE-s) was developed to simulate land use change using empirically quantified relations
between land use and its affecting factors in combination with dynamic modeling of
competition between land use categories (Verburg and Veldkamp, 2004). Every year of
simulation a land use prediction map was created. It was an important tool in studying land
use in the future, or track land use changes for various agencies to solve problems and
making a plan for land use management. The results of some scenarios based on main
relevant settings were applied to conclude the main outputs, source of information and tools
for decision makers for sustainable environmental management and land use planning was

conducted by Orékan (2005).



This thesis addresses to study the spatial patterns of land use changes in Huai Thap
Salao watershed, Changwat Uthaithani during 1988-2007, to identify affecting factors that
caused land use changes and to simulate models of land use changes as well as
extrapolate to predict the CLUE-s model of the future change in Huai Thap Salao

watershed, Changwat Uthaithani.

1.2 Objectives

The purposes of this study are

® To investigate dynamic spatial patterns of land use changes during 1988-2007
in Huai Thap Salao watershed.

® To analyze and identify affecting factors that caused land use changes in Huai
Thap Salao watershed.

® Simulating and extrapolating land use changes by the CLUE-s model for
predicting of the future scenarios in Huai Thap Salao watershed under different

scenarios.

1.3 Scope and limitation

In this research Landsat 7TETM+ satellite images data was not available to use to
analyze of land use patterns during 1988-2007 in Huai Thap Salao watershed because of
the Scan Line Corrector (SLC) in the ETM+ instrument failed on May 31, 2003, that caused
some areas to be imaged twice and others that were not imaged at all. So the analysis of
land use changes in this research was especially conducted from Landsat 5TM of resolution

30 meters to study land use patterns during 1988-2007 in the study area.

Beside, the CLUE-s model was only simulated from two scenarios, namely, scenario
without restriction area and scenario with reserved area in Huai Thap Salao watershed.

Whereas the third scenario of the CLUE-s model that was used economic factors were not



addressed in this research because the economic data was not available and too complex

to be simulated and extrapolated.
1.4 Location of the study area

The study area is conducted in the Huai Thap Salao watershed, situated in
Changwat Uthaithani that is in the west of Central Thailand (Figure 1-1). The extents of the
coordinates of the study area are approximately defined as 520000 E, 1450000 N in the
northwestern edge and 580000 E, 1690000 N in the southeastern edge in Universal
Transverse Mercator projection with 47 North zone in WGS 1984 ellipsoid (Figure 1-2). The
total study area is about 766.85 kmz, covering path 130 row 49 of LANDSAT-5 TM. lIts
elevation ranges from 50 to 1600 meters above average mean sea level. The geographical
features of the study area consist of high mountainous and narrow flood plain areas.
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Figure 1-1Geographic setting of the study area.
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1.5 Expected outputs

The expected outputs of this thesis consist of:

® |and use and land use change maps during 1988-2007 in Huai Thap Salao
watershed.

® Relationships between affecting factors that caused land use changes in Huai
Thap Salao watershed.

® Spatial allocation maps of the future scenarios simulated and predicted from
land use changes during 1988-2007 by the CLUE-s model in Huai Thap Salao

watershed.

These results should supply planners and decision-makers with adequate and
understandable information for a more effective planning with appropriate strategies for
reducing and mitigating land use changes and related phenomena in a long term risk that
may be repeatedly occurred in the study area as well as in other areas of similar
geographical conditions. Therefore, the land use changes were investigated to study the
possibly potential changes in land use with a view to identifying more sustainable systems
of natural resources management. Meanwhile, to reduce the impact on the over-exploitation
of resources is also a key issue for the better quality of people life in Huai Thap Salao

watershed.

1.6 Research methodology

To accomplish the aims of this thesis, the research involves four sequential steps

are designed. Each of which is described as follows:

1.6.1 Preparation
This step includes:

® |iterature review of the related researches in the study area, western Thailand,

and other countries.



Acquisition and study of the previous basic data acquisition, i.e. satellite images
of medium resolution (Landsat 5TM), topographic map, land use map, and soil
map to understand the topography, land use, and agronomy of the study area

as general background information.

Intensive comprehension on the conceptual framework of land use changes,
deforestations and CLUE-s model especially the criteria to evaluate land use

changes occurrence.

1.6.2 Field investigation

The field investigation and direct observation were carried out as follows:

Reconnaissance to understand and recognize the limitation in the study area for
preparing the data and related plan that would be used in further steps of the
field investigation.

Intermediate field investigation to conduct ground-truth to inspect the

correctness of the analyzed results from the remote sensing image analysis and

interpretation.

1.6.3 Laboratorial studies

The laboratorial analysis is conducted as follows:

Thematic (GIS and remote sensing) data preparation. These inventory data
consist of topography (slope, elevation), land use and land cover. Software of
geographic information system (GIS) and remote sensing (ArcGIS 9.2 and
ERDAS IMAGINE 8.7) are applied in developing, manipulating, and analyzing
the digital data.

Interpretation of medium resolution satellite images (Landsat 5TM) that were
acquired during 1988-2007. This sub-step was conducted to develop the new

data (e.g. deforestation). These inventory data were also checked from ground-



truth information from brief field traverses to inspect the accuracy in the
intermediate field investigation.

® | and use changes analysis in Huai Thap Salao watershed is conducted. This is
preliminary land use changes by logistic regression analysis to present the
spatial relationship between what types of land use changes are taking place
and explores the relevant factors that drive land use changes (as theoretically
mentioned) in Huai Thap Salao watershed. The CLUE-s model was used to

predict the future scenarios under different scenarios.

1.6.4 Synthesis, discussion and conclusions
This step includes:

® Synthesizing, discussing and concluding deforestation occurrence in Huai Thap

Salao watershed.

In order to accomplish the objectives of this research, the schematic diagram

illustrating the present methodology system was designed as shown in Figure 1-3.
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DISCUSSIONS AND CONCLUSIONS

Figure 1-3 Schematic diagrams illustrating the research methodology system.
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1.7 Components of the thesis

This thesis comprises five chapters including this introductory Chapter 1. Chapter 2
is initiated with the definition and terminology of deforestation and driving factors of land use
changes research. The applications of the remote sensing, geographic information system
(GIS) and Global positioning system (GPS) in land use changes are briefly reviewed. The

previous investigations from the related technical literatures are also presented.

Since the possibilities and limitations of the proposed methodology can only be
evaluated critically when field data are available. Data preparation and interpretation in
terms of types of input data and data production stage is given in Chapter 3. In this chapter,
data input from thematic data pre-processed with the application of geographic information

system (GIS) and remote sensing techniques are produced and interpreted.

Following the data preparation and interpretation stages, land use change analysis
of Huai Thap Salao watershed by the statistic approach is proposed in Chapter 4. Identify
affecting factors that caused land use changes by logistic regression analysis to present
the spatial relationship between what types of land use changes and the relevant causes.
Besides, the affecting factors of land use changes are then indicated. The approach of
CLUE-s model was simulated from two scenarios, namely, scenario without restriction area

and scenario with reserved area in 2027 are also proposed in this chapter.

In Chapter 5 the attention is firstly focused on discussing of dynamic spatial patterns
of land use changes describing the results of deforestation processes. Secondly, affecting
factors were caused land use changes in Huai Thap Salao watershed are discussed.
Thirdly, the predicting future land use conditions to forecast possible land use patterns
based on the affecting factor in the past and in the current situation are also discussed.

Finally, conclusions and recommendations in this research were discussed.



CHAPTER I

LITERATURE REVIEW

In this chapter, the definition and terminology of deforestation and affecting factors
of land use change researches and the applications of the remote sensing, geographic
information system (GIS) and Global positioning system (GPS) in land use changes are
briefly reviewed. Besides, the CLUE-s model structure and the previous investigations from

the related technical literatures are also presented.

2.1 Definition and terminology

There are many definitions about deforestation. For example, the Food and
Agriculture Organization-FAO in the documentation for the Convention to Combat
Desertification (2001) defined as “The conversion of forest to another land use or the long-
term reduction of the tree canopy cover below the minimum 10 percent threshold”. While
the United Nations Framework Convention on Climate Change - UNFCCC (2003) defined as
“the direct human-induced conversion of forested land to non-forested land”. Lambin et al.
(2004) defined the meaning of the deforestation as “The term can thus be viewed as a
process of destroying forests (the removal of trees) by human beings and their replacement
by agricultural systems”. The United Nations Environment Programme-UNEP (2002) defined
the meaning of the deforestation as “specifically excludes areas where the trees have been
removed as a result of harvesting or logging, and where the forest is expected to
regenerate naturally or with the aid of silvicultural measures”.

It comes out from the above definitions that land use and land cover are not the
same although they may overlap. It can be stated that the term "land cover" refers to the
biophysical state of the earth’s surface and immediate subsurface. It includes biota, surface
water, ground water, soil, topography and human-made structures (Braimoh and Vlek,

2004), whereas land use refers to the intended employment and management underlying
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human exploitation of a land cover. It is characterized by the arrangements, activities and
input people undertake in a certain land cover type to produce, change or maintain it (Di

Gregorio, 2005).

2.2 Affecting factors of land use changes

Affecting factors can be simply defined as causes or factors responsible for land
use and land cover changes - LUCC (Braimoh and Vlek, 2004). A precise meaning of the
"drivers" or "determinants" or "affecting factors" of land use change is not always clear
(Briassoulis, 2000). Therefore, two principal distinctions are made regarding the origins of
the drivers of land use and land cover change on one hand, and the factors and processes
that contribute to land use change and, through certain human actions, cause land cover
and environmental change on the other hand.

Concerning the first distinction, two main categories are almost distinguished:
biophysical and socio-economic affecting factors cited by Orékan (2007). The “bio-physical
affecting factors” include characteristics and processes of the natural environment (weather
and climate variations, landform, topography, and geomorphologic processes, volcanic
eruptions, plant succession, soil types and processes, drainage patterns, availability of
natural resources) while “socio-economic affecting factors” comprise demographic, social,
economic, political and institutional factors and processes (population and population
change, industrial structure and change, technology and technological change, the family,
the market, various public sector bodies and the related policies and rules, values,
community organization and norms, property regime).

On the other hand, Lambin (2004), took into account a variability that exists in the
land cover types, the physical environments, the socio-economic activities and the cultural
contexts associated with land use change to distinguish four categories of affecting forces

of land use changes. These are factors that:

Affect the demands that will be placed on the land, i.e. population and

affluence.
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Control the intensity of exploitation of the land: through technology.

Are related to access to or control over land resources: the political economy,
and

Create the incentives that motivate individual decision-makers: the political
structure, attitudes and values.

Therefore, the author suggested for identifying the causes of land use change to
first understanding how these different factors interact in specific environmental, historical
and social contexts to produce different uses of the land.

The next subsections focus specifically on the forces that drive respectively land
use and land cover changes (LUCC) and deforestation in Tropical regions as one of the

main component of global environment.

2.3 Affecting factors of land use changes in Tropical regions

The development of land use change models to generate projections requires, first,
a good understanding of the major causes of these changes in different geographical and
historical contexts (Lambin and Geist, 2002). Numerous factors of change have been
identified from selective land use changes studies that focus on the tropical regions. The
most cited drivers in selected case studies corresponding to six different tropical countries
(included regions) can be summarized as follow in Table 2-1 (Orékan, 2007). The six case
studies were selected based on geographical location to which are referred the numbers 1

to 6 as a follow:

1) Serneels and Lambin (2001) Kenya

2) Mertens and Lambin et al. (1997) Cameroun
3) Gobin et al. (2002) Nigeria

4) Braimoh (2004) Ghana

5) Verburg and Veldkamp (2001) China

6) Verburg and Veldkamp (2004) Philippines
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Table 2-1 Affecting factors of land use change extracted from selected case studies in

tropical regions (Orékan, 2007).

Affecting factors

Case study references

1 ‘ 2 ‘ 8 ‘ 4 ‘ 5 ‘ 6
Demography
Population density X X X X
Urban population X
Labor force density X
Agricultural labor force density X
Climate
Range in precipitation X
Total precipitation X
Average temperature (temperature) X
Agro-climatic zone X
Economy and infrastructure
Distance to city (or towns) X X X
Distance to river (or river) X X
Distance to stream X
Distance to road (or road) X X X X
Distance to water X X
Distance to forest/non forest X X
Market accessibility (or distance to market) X X
Distance to settlements X
llliteracy X
Income X
Geomorphology
Mean altitude (or altitude/elevation) X X X X
Mean slope (or slope) X X X
Aspect X
Soil
Land tenure (or land status) X X X
Suitability for agriculture (aptitude) X X X
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The table shows that demography and accessibility are the most dominant affecting
factors which 66% and 50% of the case studies cited these affecting factors as explanatory
factors of land use changes in their respective study areas. This observation is confirmed
by Lambin and Geist (2002) who stressed that the relevant drivers are: population growth,
change in population structure and migration; intensification of agriculture, seeking an
increased productivity; improvement of accessibility; changes in life styles and rural-urban
interactions; demands for energy, products and amenities (consumption patterns, tourism);
extreme events and variability in biophysical conditions; macro-economic drivers; national
policy measures and directives, opening to external economy and economic integration;
external drivers (globalization, trade regimes, international agreements), etc.

In conclusion, these interrelations can be summarized with some interconnections
between various drivers and land use change through the following equation:

Land use = f (pressures, opportunities, policies, vulnerability, and social
organization) with

Pressures = f (population or resource users, labor availability, quantity of
resources, and sensitivity of resources)

Opportunities = f (market prices, production costs, transportation costs, and
technology)

Policies = f (subsidies, taxes, property rights, infrastructure, and
governance)

Vulnerability = f (exposure to external perturbations, sensitivity, and coping
capacity), and

Social organization = f (resource access, income distribution, household
features, and urban-rural interactions)

With the functions f having forms that account for strong interactions between
causes of land use change.

Besides, understanding these interactions could result in improving modeling of the

changes in land cover in tropical regions.
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2.4 Components of deforestation assessment

2.4.1 Causes and factors

It is important at the outset to carefully distinguish between the “underlying causes”
of deforestation and forest degradation, about which there might be divergent views, and
the “actual factors”, which could be part of the area of objective observation. For instance,
in dealing with deforestation in developing tropical countries, the expansion, by means of
clearing, of the different forms of subsistence agriculture, of cash cropping, or of ranching
are all evident factors. The underlying causes are the triggering mechanisms for these
factors. In the case of the first factor, we might say that the farmers' poverty obliges them to
clear more land in order to enable them to buy the inputs that would allow them to produce
more on less land, and that their poverty is itself engendered by their difficulty to sell what
they produce, as a result of the insufficient farm price supports, due to the low priority given
to the farming sector. We can go back a long way in this manner to find the underlying
causes, with the increasing risk however of uncertainty, subjectivity and ideological posing.

We will therefore limit ourselves to studying the factors (Lanly, 2003).

Knowing what to measure and account for at the level of a forested hectare is an
important starting point. However, what will really matter in the context of emission
reductions will be the overall carbon flows coming from forests and the means to account
for these at the national level. Globally, deforestation occurs in most countries (for example,
removal of forest cover for urban uses), but considerable area also returns to forests,
whether naturally, from seeding or through planting. Generally, this is land that had been in
agriculture or pasture that is no longer cultivated. Thus the global net change in forest cover
is the sum of all positive and negative changes in forest area in terms of increasing and

decreasing as shown in Figure 2-1 (FAO, 2006; Martin, 2008).
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Deforestation
Matural disasters

Figure 2-1 Forest change dynamics (FAO, 2006; Martin, 2008).

2.4.2 Affecting factors of tropical deforestation

As considered in above sections, a number of drivers of land use changes can be
distinguished. Lambin (2004) showed that deforestation results from slash-and-burn
cultivation, either by landless migrants or traditional shifting cultivators, government-
sponsored resettlement schemes, fuel wood gathering and charcoal production, conversion
of forested areas for cattle ranching, inefficient commercial logging operations, provision of
infrastructure, and large-scale, uncontrolled forest fires of an exceptional nature.

By classifying the causes of deforestation, Geist and Lambin (2001) distinguished
three categories of drivers namely: proximate, underlying and other causes.

“Proximate causes” are defined as human activities (land uses) that directly affect
the environment and thus constitute proximate sources of changes. They are seen to
operate at the local level (i.e. test sites). Proximate causes are grouped into three broad
classes: agricultural expansion (e.g.: expansion of cropped land and pasture), wood
extraction (e.g. fuelwood extraction, charcoal production) and expansion of infrastructure
(e.g. settlements, transport, public services). Proximate causes of deforestation are
generally thought to be driven by a combination of underlying affecting forces such as
population growth, poverty, land hunger, shifting cultivation in large tracts of forest (Geist
and Lambin, 2001), inequitable social conditions, property-rights regimes, inappropriate

technology, international trade relations, economic pressures, etc.
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“Underlying affecting forces” (or social processes) are seen as complex of social,
political, economic, technological, and cultural variables that constitute initial conditions in
the human environmental relations that are structural (or systemic) in nature. Explanations

collected from literature result in five classes of drivers:
Demographic factors (human population dynamics or population
pressure).
Economic factors (commercialization, development, economic growth
or change).
Technological factors (technological change or progress).

Policy and institutional factors (change or impact of political-economic

institutions, institutional change), and

Complex of socio-political or cultural factors (values, public attitudes,
beliefs, household behavior).

“Other causes” category is composed of pre-disposing environmental factors (land
characteristics such as soil quality, topography, features of the biophysical environment),
biophysical drivers and social trigger events.

In regard to the above development, it comes out that there are some relations
depicted between different drivers. The relative importance of each cause varies widely in

space and time.

Figure 2-2 Forest cleared for rice production, Indonesia (FAO, 2006).
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Figure 2-3 Tropical forest removed for plantation of rubber or oil palm, Malaysia. (FAO ,

2006).

2.4.3 Deforestation processes and spatial patterns

Specific sequences of events leading to deforestation are commonly assumed to
leave unmistakable footprints. Processes such as agricultural expansion by subsistence
farmers, cattle ranchers, agro-enterprises, etc., wood extraction by local users, outside
logging companies, etc., or infrastructure expansion in the form of roadside clearing, river-
bound colonization, etc., are associated with spatial patterns of the forest-nonforest
interface. Across the tropical belt, a few characteristic spatial deforestation patterns were
recognized and categorized in terms of geometric, corridor, fishbone, diffuse, patchy and

island patterns as shown in Figure 2-4 (Geist and Lambin, 2001)
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Geometric Corridor Fishbone

Large-scale clearings for modern Roadside colonization by
Planned resettlement schemes
sector activities spontaneous migrants
Diffuse Patchy Island patterns

Smallholder traditional High population density areas

Periurban area

subsistence agriculture with residual forest patches

Figure 2-4 Typologies of the Forest-Nonforest spatial patterns and deforestation processes

(Geist and Lambin, 2001).

Geometric pattern of deforestation

The geometric pattern of deforestation, commonly associated with large-
scale clearings for modern sector activities, is related here to activities such as large-scale
commercial (plantation) agriculture, large-scale pasture creation for cattle ranching, estate
settlement agriculture, and industrial forestry plantation settlements as shown in Figure 2-5
(Mertens and Lambin, 1997). A case has been found Southeast Asia (Malaysia, Indonesia)
and a mainland South America (Brazilian Amazon, Mexico and the Napo Region of

Ecuador, Peru and Columbia).
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Figure 2-5 Geometric pattern of deforestation in Brazilian Amazon (NASA, 2010).

Corridor pattern of deforestation

The corridor pattern of deforestation, commonly associated with roadside
colonization by spontaneous migrants, is related here to cases in which spontaneous
colonization coincides with roadside deforestation as shown in Figure 2-6 (Mertens and
Lambin, 1997). Corridor cases were found to be regionally widespread in Latin America
(Amazon lowlands of Brazil, Bolivia and Ecuador, coastal sites of both the Dominican
Republic and Honduras, various frontier regions in Costa Rica), Asia (North and East
Thailand, Indonesian Kalimantan, and various sites in upland Vietnam), and in Africa (East

Cameroon, Southern Malawi).

Figure 2-6 lllegally logged to clear land for soya plantation, Amazon, Brazil (NASA, 2010).
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Fishbone pattern of deforestation

The fishbone pattern of deforestation, commonly associated with planned
resettlement schemes, is related here to cases of colonization, transmigration and
(re)settlement as shown in Figure 2-7 (Mertens and Lambin, 1997). A case has been found
Amazon lowlands of Brazil: Para State (Xingu River Basin, Tailandia and Altamira towns and
surrounding areas), Rondinia State (Theobroma area, central parts), and Acre State (Pedro

Peixoto area).

Figure 2-7 Fish bone pattern of deforestation, shown here in Brazil, has been surpassed by

large, block clearings typical of industrial forest clearing (NASA, 2010).

Diffuse pattern of deforestation

The diffuse pattern of deforestation, commonly associated with smallholder
traditional subsistence agriculture, is related here to cases of traditional shifting cultivation
and permanent cultivation by smallholder for predominantly subsistence needs (i.e. no
slash-and-burn-agriculture practiced by colonizing settlers). Diffuse cases were found to be
regionally widespread among all continents, originating from Latin American countries
(Honduras, Ecuador and especially Mexico and Peru), from Asian countries (Nepal, China,
Indonesia, Malaysia, Samoa Islands, and Philippines), and from Africa (Madagascar,

Cameroon), with next to all of them under humid climates (Mertens and Lambin, 1997).
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Figure 2-8 Palm oil plantations in the remote tropical nation of Papua New Guinea.

Patchy pattern of deforestation

The patchy pattern of deforestation, commonly related to high population
density areas with residual forest patches, is associated here to case of exceptionally high
population density, which is different from island or corridor cases (Mertens and Lambin,
1997). Cases show wide distribution among the continents in Asia (Thailand, India, Nepal,
Philippines) in Latin America (Guatemala, Dominican Republic, Honduras, Brazil and
Columbia) and Africa (Southern Malawi, Upland Kenya and Southern Congo-Zaire). All
patchy cases are located in midland, highland and foothill zones under varying climates

and types of forest (dry, humid, transitional).

Island patterns pattern of deforestation

The island pattern of deforestation, commonly associated with periurban
areas, has been related here to cases of deforestation occurring around (semi)urban
settlements and not associated with other spatial patterns (also including peri-urban
situations) as shown in Figure 2-9 (Mertens and Lambin, 1997). Cases show wide
distribution among the continents in Africa (Northern Nigeria, Southern Malawi, Southern
Madagascar), in Asia (Indonesian Java, Cebu island of the Philippines, Sarawak of
Malaysian Borneo), and Latin America (Central Costa Rica, Southern Mexico, Tucuma and

Paragominas town areas in Para State of Brazilian Amazon).
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Figure 2-9 Tierras Bajas deforestation, Bolivia (NASA, 2010).

2.5 Geo-Informatics

The geo-informatics is included remote sensing (RS), geographic information
system (GIS), and global positioning system (GPS). They are defined as multi-disciplinary
science of geo-informatics to measure, record, process, analyze, represent, and visualize

geo-spatial data.

2.5.1 Remote sensing

2.5.1.1 Definition

Remote Sensing can be defined as the instrumentation, techniques and
methods to observe the Earth's surface at a distance and to interpret the images or
numerical values obtained in order to acquire meaningful information of particular objects
on earth. Three definitions of remote sensing are given below:

Remote Sensing is defined as “instrument-based techniques employed in
the acquisition and measurement of spatially organized (for the Earth, most commonly
geographically distributed) data/information on some properties (spectral; spatial; physical)
of an array of target points (pixels) within the sensed scene that correspond to features,

objects, and materials, doing this by applying one or more recording devices not in
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physical, intimate contact with the item(s) under surveillance; techniques involve amassing
knowledge pertinent to the sensed scene (target) by utilizing electromagnetic radiation,
force fields, or acoustic energy sensed by recording cameras, radiometers and scanners,
lasers, radio frequency receivers, radar systems, sonar, thermal devices, sound detectors,
seismographs, magnetometers, gravimeters, scintillometers, and other instruments” (NASA,
2010)

Remote sensing is the science and art of obtaining information about an
object, area, or phenomenon under investigation (Lillesand et. al., 2008).

Remote sensing is a tool or technique similar to mathematics. Using sensors
to measure the amount of electromagnetic radiation (EMR) exiting an object or geographic
area from a distance and then extracting valuable information from the data using
mathematically and statistically based algorithms is a scientific activity”. It functions in
harmony with other spatial data-collection techniques or tools of the mapping sciences,
including cartography and geographic information systems (GIS) (Clarke, 2001; Jensen et.

al., 2007).

Figure 2-10 Process of Remote Sensing (Canada Centre for Remote Sensing, 2008).
Note: A) Energy source to illuminate the target; B) Interaction of the radiation with the earth’s atmosphere;
C) Radiation-target interactions; D) Data reception; E) Data transmision; F) Data processing; G) Data

application
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2.5.1.2 Remote sensing Techniques

Basic concept of remote sensing focus on the facts that everything on the
Earth above 0 Kelvin generates electromagnetic energy. An object reflects, absorbs
sunlight or emits its own internal energy according to its atomic and molecular vibration.
Human eyes are restricted to see only visible reflected light (wavelength between 0.4-0.7
zm). Remote sensing uses sophisticated equipment to record invisible light such as
infrared, thermal infrared and microwave radiation.

Remote sensing system may be classified into two systems, passive remote
sensing and active remote sensing. (Jensen and Kiefer, 2007)

Passive remote sensing is sensors detect natural radiation that is emitted or
reflected by the object or surrounding area being observed. Reflected sunlight is the most
common source of radiation measured by passive sensors. Examples of passive remote
sensors include film photography, infrared, charge-coupled devices, and radiometers.

Active remote sensing is emits energy in order to scan objects and areas
whereupon a sensor then detects and measures the radiation that is reflected or
backscattered from the target. RADAR is an example of active remote sensing where the
time delay between emission and return is measured, establishing the location, height,

speeds and direction of an object.

Generally, remote sensing works on the principle of the inverse problem.
While the object or phenomenon of interest (the state) may not be directly measured, there
exists some other variable that can be detected and measured (the observation), which
may be related to the object of interest through the use of a data-derived computer model.
The common analogy given to describe this is trying to determine the type of animal from its
footprints. For example, while it is impossible to directly measure temperatures in the upper
atmosphere, it is possible to measure the spectral emissions from a known chemical
species (such as carbon dioxide) in that region. The frequency of the emission may then be
related to the temperature in that region via various thermodynamic relations (Lillesand et.

al., 2008).
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The quality of remote sensing data consists of its spatial, spectral,
radiometric and temporal resolutions as shown in Table 2-3 (Jensen and Kiefer, 2007).
Spatial resolution
The size of a pixel that is recorded in a raster image — typically pixels may
correspond to square areas ranging in size length from 1 to 1,000 meters (3.3 to 3,300 ft).
Spectral resolution
The wavelength width of the different frequency bands recorded — usually,
this is related to the number of frequency bands recorded by the platform. Current Landsat
collection is that of eight bands (Table 2-2), including several in the infra-red spectrum,
ranging from a spectral resolution of 0.07 to 2.1 #m. The Hyperion sensor on Earth
Observing-1 resolves 220 bands from 0.4 to 2.5 zm, with a spectral resolution of 0.10 to
0.11 Lm per band.
Radiometric resolution
The number of different intensities of radiation the sensor is able to
distinguish. Typically, this ranges from 8 to 14 bits, corresponding to 256 levels of the gray
scale and up to 16,384 intensities or "shades" of color, in each band. It also depends on the
instrument noise (Figure 2-11).
Temporal resolution
The frequency of flyovers by the satellite or plane, and is only relevant in
time-series studies or those requiring an averaged or mosaic image as in deforesting
monitoring. This was first used by the intelligence community where repeated coverage
revealed changes in infrastructure, the deployment of units or the modification/introduction
of equipment. Cloud cover over a given area or object makes it necessary to repeat the

collection of said location.
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Figure 2-11 Radiometric resolution of Satellites characteristics.

Table 2-2 Spectral resolution of Landsat 7ETM+ and 5TM sensors (Geoscience Australia,

2009).

Band Spectral Range EM Region Generalised Application Details

Number (in Microns)

1 0.45 - 0.52 | Visible Blue Coastal water mapping, differentiation of vegetation from soils

2 0.52 - 0.60 | Visible Green .Assessment of vegetation vigour

3 . 0.63 - 0.69 | Visible Red .Chlorophyll absorption for vegetation differentiation

4 1 0.76 - 0.90 | Mear Infrared -Bicmass surveys and delineation of water bodies

5 1.55- 1.75 Middle Infrared -Vegetation and.snil moisture measurements; differentiation
between snow and cloud

6 10.40- 12.50 Thermal Infrared Thermal mapping, soill moisture studies and plant heat stress
measurement

7 2.08 - 2.35 | Middle Infrared -Hydrothermal mapping

] 0.52 - 0.90 I Green, Visible Red, Near ”Large area mapping, urban change studies

(panchromatic) Infrared
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Table 2-3 The quality of remote sensing data (Geoscience Australia, 2009).

: Swath Spatial > ;
Satellite Sensors Subsensors - Bands P _ Altitude | Orbit Repeat
width Resolution
Landsat 5 5 Z sun 16 days or
Mutispectral scarner, (MSS) 185 KEm | 1-5&7 +6 30-129m 05 Km Synen 233 oibite.
Thermatic Mapper, TM
Landsat 7 Enhance Thermeatic Magper i o o Sun 16 days or
Plus_[ETW) 183 Km | 1-5&7+E+8 15-30m 05 Km smchronous | 233 orbits.
Terra, EOS-AMI1 Advanced Spacebornz
Thermal Emission and Visibie and hear 5 Sun =
Relection Radiometer InfrarediVNIR) EL K 1z 13Km Ll Synchronous 150y
[ASTER)
Shortwave Infrared
SWIRY £0 Km 4to9 30 Km
Therrnal Infiarzd (TIR) | €0 Km 10t 14 90 Km
Moderate Rescluton Imaging L o
Spectroradiometer (NODIS) Zisuke |zt DL
Aqua EOS-PN1 Moderate Resoluton Imagi S
d aging 2 i . Sun
Spzciroradiometer (MODIS) ZEall S U LA fakin Syncironous (e
ALOS, Advanced Land
(Observing Satellte Panchromatic Remote Sensing 5
Insirument for Steromapping 35.70Km 25m £92 Km o 43 days
synchronous
IPRISM)
Advanced Visable and Near
Infrared Radiometer typz 2 70 Km o4 10m
(AVNIR-2)
Phased Array tyse L-band 0.7
Synihetic aperture radar K;'r' 2 Radar 10-100m
{PALSAR)
INOAA Advanced Very High R
Resolution Radiometer 2299 Km 1t s B33 Km ek 9 days
{AVHRR)
reat. Synthetic Aperiure Radar
Radarsat-1 i Radar 24 days

2.5.2 Geographic information system

2.5.2.1 Definition

Geographic information system (GIS), a new technology, is becoming
essential tools for analyzing and graphically transferring knowledge about the world. There
are many definitions about geographic information system. For example, the United States
Geological Survey-USGS (2007) defined as “a computer system capable of capturing,
storing, analyzing, and displaying geographically referenced information; that is, data
identified according to location. Practitioners also define a GIS as including the procedures,
operating personnel, and spatial data that go into the system”. While Briggs (2010) noted
that geographic information system can be defined as “a software systems with capability

for input, storage, manipulation/analysis and output/display of geographic (spatial)
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information”. Skrdla (2005), however; defines the meaning of the geographic information
system as “management of information with a geographic component primarily stored in

vector form with associated attributes.”

2.5.2.2 Geographic information system Techniques

GIS uses spatial-temporal (space-time) location as the key index variable for
all other information. Just as a relational database containing text or numbers can relate
many different tables using common key index variables, GIS can relate otherwise unrelated
information by using location as the key index variable. The key is the location and/or extent
in space-time.

Any variable that can be located spatially, and increasingly also temporally,
can be referenced using a GIS. Locations or extents in Earth space-time may be recorded
as dates/times of occurrence, and X, y, and z coordinates representing, longitude, latitude,
and elevation, respectively. These GIS coordinates may represent other quantified systems
of temporal-spatial reference (for example, film frame number, stream gage station, highway
mile marker, surveyor benchmark, building address, street intersection, entrance gate,
water depth sounding, POS or CAD drawing origin/units). Units applied to recorded
temporal-spatial data can vary widely (even when using exactly the same data, see map
projections), but all Earth-based spatial-temporal location and extent references should,
ideally, be relatable to one another and ultimately to a "real" physical location or extent in
space-time (Bettinger and Wing, 2004).

Related by accurate spatial information, an incredible variety of real-world
and projected past or future data can be analyzed, interpreted and represented to facilitate
education and decision making. This key characteristic of GIS has begun to open new
avenues of scientific inquiry into behaviors and patterns of previously considered unrelated

real-world information.
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2.5.2.3 Components of GIS Database

Traditionally, there are two broad methods used to store data in a GIS for
both kinds of abstractions mapping references: Spatial data and Attribute data (Clarke,
2001). Sutton et al. (2009) explains that spatial data is usually represented on maps as one

of two type of spatial primitive: raster data and vector data

Raster data are stored as a grid of values, or pixel or fixed size cells having
digital values, covering a certain area, provided by satellite images, scanned maps and
digital terrain modeling. Raster data display information that is continuous across an area.

Vector data is stored as a series of x,y coordinate pairs inside the
computer's memory. Vector data is used to represent points features represent spatial data
existing at a single location, lines represent linear features and polygon features represent
enclosed homogeneous areas or regions. A polygon is a series of line segments connected

to form an enclosed area.

Thes candlar wiess of e woid M ndlere aparinl an o Tha vecio e o he e

Figure 2-12 Spatial Data in GIS Database (Indiana University, 2005).
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Attribute data is an object’s description which may be graphical, such as a
symbol, point, line or polygon, or it could be test describing specific nature of an object, i.e.
number of inhabitants, production volume, and population density. The attribute data is
stored in a relational database, with the spatial data kept in a standard hierarchical

database (Clarke, 2001).

2.5.3 Global positioning system

Global positioning system (GPS) has permitted convenient, inexpensive, and
accurate measurement of absolute location. GPS has greatly enhances the usefulness of
remote sensing data. These instruments now are inexpensive, easy to use, and can be
employed in almost any area on the earth’s surface.

A Global positioning system receiver consists of a portable receiving unit sensitive
to signals transmitted by a network of earth-orbiting satellites. These satellites are
positioned in orbits such that each point on the earth’s surface will be in view of at least four,
and perhaps as many as twelve, satellites at any given time. A system of 24 satellites is
positioned at an altitude of about 13,500 miles, to circle the earth at intervals of 12 hours,
spaced to provide complete coverage of the earth’s surface (Earth Science Australia, 2010).

These satellites continuously broadcast signals at two carrier frequencies within the
L-band region of the microwave spectrum. Although at ground level these signals are very
weak, they are designed so that they can be detected even under adverse condition (e.g.
severe weather or interference from other signals). The frequency of each of these carrier
signals is modulated in a manner that both identify the satellite that broadcasts the signal
and gives the exact time that the signal was broadcast. A receiver therefore can calculate
the time delay for the signal to travel from a specific satellite, and then accurately estimate
the distance from the receiver to specific satellite (Bettinger and Wing, 2004).

One reason that it is possible to employ such a weak signal is that the time and
identification information each satellite transmits is very simple, and the receiver can listen
for long periods to acquire it accurately. Because a receiver is always within range of

multiple satellites, it is possible to combine positional information from three or more
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satellites to accurately estimate geographic positional on the earth’s surface. A network of
ground stations periodically recomputed and uploads new positional data to the GPS

satellites (Earth Science Australia, 2010).

2.5.4 Use of Geo-Informatics in land use changes assessment

The geo-informatics is powerful tools to derive accurate and timely information on
the spatial distribution of land use changes over medium to large. A past and present study
conducted by organizations and institutions around the world, mostly, has concentrated on
the application of land use changes.

Remote Sensing Technology involves the use of a sensor that is not in physical
contact with its subject of interest. These electromagnetic reflectances are recorded by the
sensors in terms of their wavelength of energy, as described by the electromagnetic
spectrum (Lillesand et al., 2008). The electromagnetic wave lengths are then converted to a
digital format and transmitted back to a computer for processing and interpolation. Satellites
such as the Landsat Thematic Mapper (TM) series can capture wide swaths of the Earth’s
surface (185 km, or 115 mi) and, thus, have the potential to record vast amounts of
information over a short time period (Geoscience Australia, 2009). The advantages
provided by the much finer spatial resolution of the second generation satellites (e.qg.
Landsat TM, SPOT) are now well recognized. In favorable circumstances, thematic maps
can be prepared at a scale of 1:50000 and revised at a scale of 1:25000 or possibly larger
(Howard, 1991). In addition, the finer resolution data of these second generation satellites
provides a record of the surface texture of forests, which in classification of the images can
be combined with their spectral characteristics. Further, the spectral inclusion of the mid-
infrared in Landsat TM sensing is helping to improve the classification of land use and land
cover (Adams and and Gillespie, 2006).

GIS provides a flexible environment for collecting, storing, displaying and analyzing
digital data necessary for change detection. Remote sensing imagery is the most important
data resources of GIS. Satellite imagery is used for recognition of synoptic data of earth’s

surface. Landsat Multispectral Scanner (MSS), Thematic Mapper (TM) and Enhanced
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Thematic Mapper Plus (ETM+) data have been broadly employed in studies towards the
determination of land use changes, the starting year of Landsat program, mainly in forest
and agricultural areas. The rich archive and spectral resolution of satellite images are the
most important reasons for their use. And GPS has permitted convenient, inexpensive, and
accurate measurement of absolute location. And GPS has greatly enhances the usefulness
of remote sensing data. These instruments now are inexpensive, easy to use, and can be
employed in almost any area on the earth’s surface. The frequency of each of these carrier
signals is modulated in a manner that both identify the satellite that broadcasts the signal
and gives the exact time that the signal was broadcast. A receiver therefore can calculate
the time delay for the signal to travel from a specific satellite, and then accurately estimate
the distance from the receiver to specific satellite. The results of this analysis from the geo-
informatics technology in the study area. This information is essential for a feasible and

sustainable land use plan (Wang et al., 2010).

2.6 Models in land use planning

To preserve or create a healthy living environment careful land use planning is more
and more important. Models of land use change can be important tools to help land use
planning. With the use of models in land use planning it is possible to make more informed
land use decisions. This decision support function is only one of the functions that a land
use model can fulfill. In total five different uses for models in land use planning are defined

(Briassoulis, 2000):

2.6.1 Decision support

First, general use of models in the land use planning is to provide decision support.
Models can be used to give more insight into the problems in land use planning. The
models situations can be evaluated to help land use planners making better decisions.

With the use of models for decision support in land use planning a more scientific

based choice can be made. This output of the models can give support next to the

planning theories.
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In general two different types of land use change models can be distinguished,
descriptive models and prescriptive models that contribute to decision making in land use

planning.

Descriptive models simulate realistic changes in land use under specified
conditions defined in a scenario. These models are able to make a yearly
prediction up to 20 to 30 years into the future. The CLUE-S model is such a
descriptive model. Land use planners can use the results of the simulations
for assessment of consequences of proposed policy or autonomous
development.

Prescriptive models are used in situations where the objectives of a policy
are known in advance. These models simulate, on basis of the given
objectives, land use configurations that best match these objectives. These
models are also known as optimization models.

The results of both models can be used to inform land use planners. Comparing the
outcomes of these two model types it is possible to find out if policies for which the effect on
land use is simulated in the descriptive model matches with the simulated land use
configuration in the prescriptive model. In most cases deviation between the results will
occur. The locations, where are deviation between the two results are found, can be
analyzed. With this analysis new policy can be developed for the study area. A new run of
the models, that contain this new policy, can be used to test if the new policy will lead to the
desired land use configuration. This iterative process can continue until policies designed fit
the objectives of land use planning.

Another advantage of using both types of models is the possibility to assess to what
extent actual land use matches with the desired, optimal land use configuration. Out of this

analysis new policies can be developed to reach the desired land use configuration.
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2.6.2 Explanation

Models can be used for the explanation of relationships between affecting factors
and land use change. The models can give insight in which drivers are important for a
certain land use planning problem. With this use of a model its possible to simplify the
complex social and natural system and make scientifically based decisions on planned

changes in land use.

2.6.3 Prediction

Another type of model use is prediction of land use changes. These descriptive
models simulate realistic changes in land use under a set of conditions specified in a
scenario. Most of the descriptive models are able to make a yearly prediction up to 20 or 30
years into the future.

The models are capable to identify areas that have high probabilities for future
changes in land use, so called ‘hot-spots’ of land use change. The identification of ‘hot-
spots’ is important because research can focus in more detail on these locations to
determine the processes giving rise to the changes and assess the impact. Land use
planners can decide if the locations and the rate of change of these ‘hot-spots’ are
desirable. If not, alternative policies can be proposed that reduce the forecasted changes in
these ‘hot-spots’.

With the descriptive models different scenarios can be calculated. Defining the
dynamics of the affecting factors or including a new driving factor creates these scenarios.
For each scenario the configuration of the future land use is calculated.

Decision-makers can use this method to evaluate the different probable scenarios.

2.6.4 Impact assessment

Models can play an important role in impact assessment of past or future land use
changes. There are two different ways in which models can be used for impact assessment.

On the one hand it's possible to evaluate the impact of a planned land use change.
A scenario of a future change is simulated by a model with the objective to find the impact

on the land use configuration. On the other hand, it's possible to assess the impact of a land
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use change on the environment and the social and economical system, for example land

degradation, desertification or unemployment.

2.6.5 Prescribe optimum

Prescriptive models are also known as normative, operations research or
optimization models. These models operate on basis of known objectives. These
prescriptive models simulate the land use configuration that matches best with the selected
objectives.

With prescriptive models the requirements of different sectors are balanced. Due to
this method it's necessary to indicate the relative importance of every formulated objective.
A difference in importance of the objectives will lead to different outcome of the prediction
of the land use configuration. This can be made more explicitly by presenting the spatial
claims of the different sectors.

The results of the analysis can be used by land use planners to decide about the
desired land use planning. These results show the claim different sectors have on the land
use. With these claims in mind land use planners can decide about the final land use

configuration.

2.7 Model description

2.7.1 Overview of CLUE Model

The Conversion of Land Use and its Effects modeling framework (CLUE) was
developed to simulate land use change using empirically quantified relations between land
use and its affecting factors in combination with dynamic modeling of competition between
land use types. The model was developed for the national and continental level and
applications for Central America, Ecuador, China and Java, Indonesia are available. For
study areas with such a large extent the spatial resolution for analysis was coarse and, as a
result, each land use is represented by assigning the relative cover of each land use type to

the pixels (Verburg and Veldkamp, 2004).
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Land use data for study areas with a relatively small spatial extent is often based on
land use maps or remote sensing images that denote land use types respectively by
homogeneous polygons or classified pixels. This results in only one dominant land use type
occupying one unit of analysis. Because of the differences in data representation and other
features that are typical for regional applications, the CLUE model cannot directly be
applied at the regional scale. Therefore the modeling approach has been modified and is
now called CLUE-s (the Conversion of Land Use and its Effects at Small regional extent).
CLUE-s is specifically developed for the spatially explicit simulation of land use change
based on an empirical analysis of location suitability combined with the dynamic simulation
of competition and interactions between the spatial and temporal dynamics of land use
systems. More information on the development of the CLUE-s model can be found in

Verburg et al. (2002) and Verburg and Veldkamp (2003).

2.7.2 Model structure

The CLUE-s model can be divided into two modules, a non-spatial demand module
and a spatially explicit allocation module (Figure 2-13). In the non-spatial demand module
the changes in land use are estimated for a series of years at the aggregate level.

The spatial allocation module has to translate the changes in demand into changes
in land use pattern. For every year of simulation a land use prediction map is created. The
allocation module needs decision rules and the results of the statistical analysis as input,

indicating the potential locations for conversion (Verburg and Veldkamp, 2004).

non-spatial analysis

Driving factors a ) T
of change # Land use demand " -
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of location » Land use allocation F——=w

Figure 2-13 Overview of the modeling procedure (Verburg and Veldkamp, 2004).
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2.7.3 Land use requirements (demand)

Land use requirements (demand) are calculated at the aggregate level (the level of
the case-study as a whole) as part of a specific scenario. The land use requirements
constrain the simulation by defining the totally required change in land use. All changes in
individual pixels should add up to these requirements. In the approach, land use
requirements are calculated independently from the CLUE-s model itself. The calculation of
these land use requirements is based on a range of methods, depending on the case study
and the scenario. The extrapolation of trends in land use change of the recent past into the
near future is a common technique to calculate land use requirements. When necessary,
these trends can be corrected for changes in population growth and/or diminishing land
resources. For policy analysis it is also possible to base land use requirements on
advanced models of macro-economic changes, which can serve to provide scenario
conditions that relate policy targets to land use change requirements (Verburg and

Veldkamp, 2004).

2.7.4 Statistical analysis

The relations between land use and its affecting factors are evaluated using
stepwise logistic regression. Logistic regression is an often used methodology in land use
change research (Serneels & Lambin 2001).

This statistical method is used to provide the model response functions for each
land use type. Out of the results of the regression, probability maps can be calculated. For
every year of the simulation a new probability map is calculated with updated values of the
affecting factors that are changing in time (e.g. population density). In this study we did not
do this since we assumed all drivers to be constant in time.

The stepwise procedure is used to help us select the relevant affecting factors from
a larger set of factors that is assumed to influence the land use pattern. Variables that have
no significant contribution to the explanation of the land use pattern are excluded from the
final regression equation (Verburg 2001).

The statistical analysis is explained in more detail in Chapter 4.3.
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2.7.5 Decision rules

Decision rules are used to determine which conversions are allowed. Two different
types of decision rules are used in the model. The first type is the stability of a land use
type. The second can indicate a certain area as a protected area that is not allowed to
change.

The stability setting is a value between 0 and 1. The value of the stability settings is
valid for all cells covered by that land use type. The value of 1 is given to a land use type
that is stable. This value, for example, is given to the land use type urban. After the
conversion to urban land use it is not likely that this land is changed into another land use
type (Figure 2-14).

Land use types with opposite characteristics are given a value of 0. These land use
types are very dynamic; when this value is selected for a land use type there are no
restrictions to change are considered in the allocation module.

There are also a couple of land use types that operate in between these two
extremes. This situation is representative for the land use types that are not likely to change
after their first establishment. But on the long term, when there is a land use type that is
more profitable, the land use will change.

The stability settings are based on the knowledge of the experts on the location. The

settings can also be tuned during the calibration of the model.
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Figure 2-14 lllustration of the translation of a hypothetical land use change sequence into a

land use conversion matrix (Verburg and Veldkamp, 2004).
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2.7.6 Allocation procedure

In the allocation module the demand of the different land use types is allocated. This
allocation procedure follows 5 steps (Verburg et al, 2002) (Figure 2-15)

1. In this first step the number of grid cells that are taken into account in the
allocation is determined. The grid cells that are either part of a protected area or not allowed
to change for another reason are excluded from further calculations.

2. For all grid cells i the total probability (TPROPI,u)is calculated for each of the land

use types u. The total probability is calculated according to the following equation:
TPROP,, = P, + ELAS, + ITER ... iiiiiiiii i (Equation 3-8)

Where [TER, is an iteration variable that is specific to the land use. ELAS, is the
relative elasticity for change specified in the decision rules and is only given a value if grid
cell i is already under land use type u in the year considered.

3. A preliminary allocation is made with an equal iteration variable for each land use
type. In this step the land use type with the highest probability is allocated in the considered

grid cell.

4. The total allocated area of the different land use types is now compared to the
demand. If the number of allocated grid cells of a certain land use type is too high, the
iteration variable is decreased. If the number of allocated grid cells is too low compared to
the demand, the iteration variable is increased.

5. The steps 2 to 4 are repeated until the allocated land use matches with the
demand. When the allocation matches the demand the final result is saved. Now the model

can proceed to the next time step (usually years).
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Figure 2-15 Flow chart of the allocation module of the CLUE-s model (Verburg et al., 2002).

2.8 Previous investigations on land use changes assessment

The previous investigations on land use changes assessment have been studied in
many parts of the world. Some important literatures have been briefly reviewed below in
chronological order to be the background information.

Geist and Lambin (2002) focused the study on land use changes originated by
evidence from empirical case studies that identify both proximate causes and underlying
forces of tropical deforestation suggests that no universal link between cause and effect
exists. Rather than providing support for dominant theories of global deforestation
(neoclassical, impoverishment, political ecology), analysis of these studies showed that
tropical forest decline was determined by different combinations of various proximate
causes and underlying affecting factors in varying geographical and historical contexts.
Some of these combinations were robust geographically (such as the development of
market economies and the expansion of permanently cropped land for food), whereas most
of them were region specific. The observed causal factor synergized challenge single-factor
explanations that put most of the blame of deforestation upon shifting cultivators and

population growth (caused by natural increment).
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Verburg et al. (2002) conducted a study land use change models were important
tools for integrated environmental management. Through scenario analysis they could help
to identify near-future critical locations in the face of environmental change. A dynamic,
spatially explicit, land use change model was presented for the regional scale: CLUE-s. The
model was specifically developed for the analysis of land use in small regions (e.g., a
watershed or province) at a fine spatial resolution. The model structure was based on
systems theory to allow the integrated analysis of land use change in relation to socio-
economic and biophysical affecting factors. The model explicitly addressed the hierarchical
organization of land use systems, spatial connectivity between locations and stability.
Stability was incorporated by a set of variables that defined the relative elasticity of the
actual land use type to conversion. The user could specify these settings based on expert
knowledge or survey data. Two applications of the model in the Philippines and Malaysia
were used to illustrate the functioning of the model and its validation.

Verburg and Veldkamp (2004) conducted a study on two applications of a spatially
explicit model of land use change at two spatial scales: a nation-wide application for the
Philippines at relatively coarse resolution and an application with high spatial resolution for
one island of the Philippines: Sibuyan island, Romblon province. The model was based on
integrated analysis of socio-economic and biophysical factors that determine the allocation
of land use change in combination with the simulation of the temporal dynamics (path-
dependence and reversibility of changes), spatial policies and land requirements. It was
concluded that spatially explicit modeling of land use change yields important information
for environmental management and land use planning. The applications illustrated that the
scale of analysis was an important determinant of the model configuration, the interpretation
of the results and the potential use by stakeholders. There was no single, optimal, scale for
land use change assessments. Each scale enables different types of analysis and
assessment: applications at multiple scales therefore gave complementary information

needed for environmental management.
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Orékan (2005) conducted a study a dynamic, spatially explicit model for local scale:
the CLUE-s was adapted to analyze land use changes in small area (900 km?) at a fine
resolution (32 m x 32 m) from Landsat 5TM satellite. By simulating the land use changes
based on socio-economic and biophysical factors, the research outputs helped to identify
hot spots of critical development by the horizon 2025. Most of the changes occurred along
the main road where an agricultural land expansion and a forest decrease were recorded.
The main factors of changes were distances to roads, to settlements, and population
density. After assessing the model sensitivity, some validation approaches were applied for
deriving errors relative to simulation for model validation. Finally some scenarios based on
main relevant settings were applied to conclude the main outputs, source of information and
tools for decision makers for sustainable environmental management and land use
planning.

Zhan et al. (2007) conducted a study on modeling land use scenario changes and
its potential impacts on the structure and function of the ecosystem and economy in the
typical regions were helpful to understanding the interactive mechanism between land use
system and ecological system or and economic factors. The CLUE-s model integrated with
System Dynamics (SD) model was developed with three land use scenario changes in
Taips County of China from 2001 to 2020 simulated in this paper. System Dynamics model
could predict the complex system change under the different “what-if” scenarios, which
makes it a good tool and be widely used in different fields of natural science, social science
and engineering technology. The simulated results indicated that obvious land use changes
would take place in the unused area and farming-pastoral zone of Taips County from 2001
to 2020 with unused land and urban land being the most active land use types.

Wang (2009) concluded that resources and management in the watershed and the
role of the bamboo forest industry in social development, economic growth and ecosystem
protection; the impact of infrastructure development on soil erosion; patterns of land use
change in the Min River over, Fujian, China the last 20 years using Landsat 5TM imagery;

and public perceptions of watershed management in the watershed. Particular emphasis
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had been placed on the evaluation of forest policy and national programs to combat
flooding. Watersheds were holistic systems where social, cultural, economic and
environmental issues interact. Forestry is only one of several factors affecting watershed
sustainability. Watershed management was a complex, dynamic and continually improving
process. It needed to bring together personnel from diverse disciplines, to integrate data
from multiple dimensions and to develop a comprehensive management tool that would
enable managers, stakeholders and third party interest groups to work together more
effectively in solving watershed problems.

Gonzales (2009) conducted a study land cover and land use change process and
its implication for environmental condition and ecosystem functioning, it was essential to
identify and recognized the services provided by the ecosystem. Remotely sensed data
together with GIS increase the capability to analyze the human impact on the environment in
quantitative, qualitative and spatial form. The main goal of this study was to generate the
land cover and land use multi-temporal information, to quantify and to analyze the land
cover and land use change and its impacted on watershed soil erosion and sediment yield
regulation services, and to identify the upstream and downstream relationship on sediment
control in Huatanay watershed of Cusco region in the tropical Andes of Peru.

In Thailand, the literatures on land use changes assessment and similar phenomena
are also reviewed in chronological order as follow.

Krittika Bunyachatphisuth (1999) conducted a study relation between land use/land
cover and coastline change in Changwat Phetchaburi and Changwat Prachuap Khiri Khun
was investigated by remote sensing technique. Aerial photographs and landsat 5TM image
from 1954-1994 were used for detection of coastline change and classification of land
use/land cover and used logistic regression to evaluate the relationship between coastline
change and categories of land use/land cover. The results showed that high density built-up
area always has high probability of erosion, while bare soil always has low probability of

erosion.
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Delang (2002) presented that the effects of deforestation in Thailand are as follows:
Population Growth as populations increased, the need for food increased,
and much forest land had to be cleared to increase food production
capacity to meet demand.

Agricultural Policy had on deforestation was the construction of roads
following World War 2. These roads were built to help farmers bring food
products from rural areas into the more densely populated urban centers.
This encouraged farmers to move away from subsistence farming and begin
to farm on a larger scale.

Land Ownership Policy consist property rights in Thailand are extremely
ambiguous and are often interpreted differently by the various branches of
the Thai government. The inability of many Thai citizens to secure property
had resulted in them going out into the forests to find space to farm.

Patcharapa Limpongstorn (2004) conducted a study land use change around Khao
Chet Luk in Changwat Phichit between 2512 B.E. and 2543 B.E. The analysis of change
pattern of land use by using geographic information system (GIS) revealed greatest change
in 2512 B.E. to 2543 B.E. was especially the conservation forest, which was destroyed
lavishly for agricultural purpose. And to study on population, socials and economics of the
area indicated no increasing along time of population from 2513 B.E. to 2545 B.E. Instead, it
tended to decrease, probably due to the remoteness and drought nature of this
undeveloped area. However between 2537 B.E. to 2541 B.E. the population largely
increased due to gold finding and production area here. After then the population slightly
decreased to return to its previous decreasing trend.

Komsan Kiriwongwattana (2007) conducted a study on land use and land cover
change (LULCC) projection was carried out at Mae Yod watershed, Maechaem district,
Changwat Chiang Mai, northern Thailand by using LULCC data that interpreted from
satellite images, Landsat 5TM from 1989 to 1997. Beside, the model was used to predict

LULCC based on deferent management scenarios by CLUE-s model. The results revealed
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that the projection of LULCC according to different management scenarios including 1)
based on LULCC evolution, 2) demand of agricultural area is increase 15 percent from
normal trend and 3) forest area in watershed class 1 is intensively protected, has been
carried out.

Trisurat et al. (2010) concluded that rapid deforestation has occurred in northern
Thailand over the last few decades and it was expected to continue. The study combined a
dynamic land use change model (Dyna-CLUE) with a model for biodiversity assessment.
The results revealed that forest cover in 2050 would mainly persist in the west and upper
north of the region, which was rugged and not easily accessible. In contrast, the highest
deforestation was expected to occur in the lower north. The high-threat areas covered 1.6
and 0.3% of the region for the integrated management and conservation-oriented scenarios,
respectively. Based on the model outcomes, conservation measures were recommended to
minimize the impacts of deforestation on biodiversity. The model results indicated that only
establishing a fixed percentage of forest was not efficient in conserving biodiversity.
Measures aimed at the conservation of locations with high biodiversity values, limited
fragmentation, and careful consideration of road expansion in pristine forest areas may be

more efficient to achieve biodiversity conservation.



CHAPTER I

METHODOLOGY AND DATA PREPARATION

The sources of input data and the steps in image processing used remote
sensing are comprehensively explained hereafter. These are the most cumbersome and
time consuming steps of GIS and remote sensing techniques in this research. The
prepared and processed thematic data that were used in this thesis will be mainly
explained in this chapter. Meanwhile, phases of land use mapping analysis in GIS-
based land use change detection techniques are also reviewed. Whereas, the detailed
statistic analysis of the land use database and the parameter maps will be explained in

the following chapter.

3.1 Phases of land use changes mapping analysis in Remote Sensing and

GIS-based deforestation detection techniques

The following phases can be distinguished in the process of land use change
analysis using GIS (Van Westen, 1993 and 1994 cited in Yumuang, 2005). They are listed in
logical order or sequence though sometimes they may be overlapping (Figure 3-1) as

follow:

Preliminary phase:
Phase 1: Defining of objective of study and the methods of analysis which
will be applied.

Data collection phases:
Phase 2: Collection of existing data (collection of existing maps and reports
with relevant data)
Phase 3: Image interpretation (interpretation of images and creation of

new input maps)
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Phase 4: Data base design (design of the database and definition of the
way in which the data will be collected and stored)
Phase 5: Fieldwork (to verify the image interpretation)

Phase 6: Laboratory analysis

GIS work:
Phase 7: Data entry (digitizing of maps and attribute data)
Phase 8: Data validation (validation of the entered data)
Phase 9: Data manipulation (manipulation and transformation of the raw
data in a form which can be used in the analysis)
Phase 10: Data analysis and modeling (analysis of data for preparation
of land use change maps)
Phase 11: Presentation of output maps (final production of land use change

maps and adjoining report)

An ideal Remote Sensing and GIS for land use analysis combines conventional GIS
procedures with image processing capabilities and a relational data base. Map overlaying,
modeling, and integration with satellite images are required, thus a raster system is
preferred. The program should be able to perform spatial analysis on multiple-input maps
and connected attribute data tables for map overlay, reclassification, and various other

spatial functions.

3.2 Thematic data preparation from Remote Sensing and GIS techniques

Remote sensing data can be readily merged with other sources of geo-coded
information as a GIS. This allows the overlapping of several layers of information with the
remotely sensed data, and the application of a virtually unlimited number of forms of data
analysis.

The input data used for land use changes detection in this thesis consists of several

spatial data categories from the available resources (as shown in Table 3-1), being digitized
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from available maps and prepared from image interpretation, and from field investigation

data. These input data will be further used to analyze the dynamic behavior of land use and

deforestation locations by the statistic analysis in the Chapter 4.

The brief techniques and thematic maps of the input data produced in this thesis,

namely, elevation (slope and hillshade), hydrology, geology, soil properties, land use,

human settlement, infrastructure, forest reserve areas, and meteorology are consequently

presented as below.

Table 3-1 Overview of the important input data themes that were pre-processed and

invented in this thesis.

Main themes Year Sub-themes Data preparation methodology
Elevation 2004 Digital elevation data Derived from 1:50,000 scale digital map of the Royal Thai Survey
Department
Digital Elevation Model Derived from elevation data with GIS
(DEM)
Slope Derived from DEM with GIS
Hillshade Derived from DEM with GIS
Hydrology 2004 Drainage system Derived from 1:50,000 scale digital map of Land Development
Department (LDD)
The distance raster of Interpolated grid theme contains a Euclidean distance from
drainage-line Drainage system
Geology Rock unit Digitized from a 1:50,000 scale geological map of Department of
Mineral Resources (DMR)
Soil properties 2001 Soil group unit Derived from 1:50,000 scale digital map of Land Development
Department (LDD)
Land use 1988, 1997, Land use Derived from interpretation of remote sensing imageries and field
2007 investigation
Infrastructure and 2005 Roads and villages Derived from 1:50,000 scale digital map of Land Development
human settlement Department (LDD)
Reserved areas 2000 National park and Wildlife Derived from 1:50,000 scale digital map of Department of

Sanctuaries area

National Park, Wildlife and Plant Conservation

Meteorology

1988 to 2007

Mean annual precipitation

Interpolated from existing rainfall information of the observation

stations of Thai Meteorological Department (TMD)
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3.3 Elevation

Instead of using a discrete elevation map such as contour points, it is more
advantageous to work with a continuous map. Regarding this advantage, the contour data
was converted into a color-coded continuous map (Digital Elevation Model-DEM). DEM is
used to create a slope, aspect and landform topographic shape. In order to increase visual
interception of DEM, it had been chosen to convert into a color-coded DEM (Figure 3-1) and
a color-draped relief model (Figure 3-2). The produced DEM would be used as the elevation

input data for the elevation attributes of land use change factor.
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Figure 3-1 Color-coded DEM of the study area.
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3.4 Slope

The slope is a measurement of surface steepness and is calculated in degrees of
inclination. The color-coded slope map is conducted in Figure 3-3. The slope has a range
between 0 degree and 90 degrees, 0 degree representing the flat lying areas and 90
degrees as the vertical ones. Any other value indicates the inclined areas. In the eastern
and central of the study area consists of gentle slope that range between 0 to 5 degree while
the western of the area consists of steep slope that range between 15 to greater than 40

degree.
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Figure 3-3 Slope map of the study area.
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3.5 Hydrology

The drainage-lines of the Huai Thap Salao watershed were also available in a digital
format. This digital river map was used as an overlay of a grid map of the study area. The
distance of the middle of every pixel to the nearest river was calculated with the Euclidean

distance function in ArcMap GIS version 9.2 as shown in Figure 3-4.
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Figure 3-4 Distance raster of every pixel to the nearest drainage-line in the study area.
3.6 Geology

Unconformably above that, Pre-Cambrian Sedimentary and metamorphic rock (PE)
covers the most part of the study area, especially adjacent to the central stream channel.
Cambrian Sedimentary and metamorphic rock (E) and Triassic Igneous rock (Trgr) mainly

exposed on the steepest and highest western, to the tops of a flat highland in the study
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area. Stratigraphically, the lowest rock unit, generally exposed in the eastern part of the
study area, is Permian Ratburi Group (Pr) that consists of limestone, dolomitic limestone,

brachiopods, corals, and bryozoans.

The younger unconsolidated sediments of Terrace deposits (Qt) of Quaternary age
are those of mainly stream deposits, composing of river sands and gravels, silts, clays and
laterite along the drainage system here. The sediments of Quaternary age also form in the
alluvial fan as alluvial fan deposits (Qaf) at the canyon mouth to the southeastern limit of the

study area as shown in Figure 3-5.
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Figure 3-5 Geologic map of the study area.
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3.7 Soil properties

The soil properties, was collected in a form of soil group unit map of the study area
prepared by compiling data from the available reports, publications, and analogue map of
Land Development Department. The compiled analogue maps were transformed into digital
image, via digitizing and edit using ArcMap GIS version 9.2 software. (as shown in Figure 3-

6 and Figure 3-7)

In the study area, Group Unit 62 of soil covers 54.86 percent of total area, located
on headwater source. This group of soils includes all steep lands with more than 35 percent
slopes (SC: slope complex). Soil qualities vary according to the geological settings of the
areas. This group of soils should restrict their uses to forest land, watershed protection and
wildlife conservation. Group Unit 37 (Thap Salao series: Tas) of soil covers 16.95 percent of
total area, located on Huai Tap Salao stream. This group of soils is well-drained, moderately
deep coarse-textured that developed from weathered rocks in dry areas. They have low

fertility. Soil pH of this group unit varied from 4.5-5.5.



Figure 3-6 Soil group unit map of the study area.
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3.8 Land use

The land use classification system presented in this study includes only the more
generalized first and second levels. The system satisfies the three major attributes of the
classification process as outlined by Land Development Department (LDD) (2003) in
conjunction with U.S. Geological Survey (USGS) (2007):

It gives names to categories by simply using accepted terminology
It enables information to be transmitted; and

It allows inductive generalizations to be made.

The classification system is capable of further refinement on the basis of more
extended and varied use. At the more generalized levels it should meet the principal
objective of providing a land use and land cover classification system for use in land use
planning and management activities. Attainment of the more fundamental and long-range
objective of providing a standardized system of land use and land cover classification for
national and regional studies will depend on the improvement that should result from

widespread use of the system.

A systematic study of image interpretation usually involves several basic
characteristics of features shown on an image. The elements of image interpretation are
tone, color, size, shape, texture, pattern, site, height and association (Table 3-2). These are
routinely used when interpreting a satellite images as shown in Figure 3-8 (Jensen and
Kiefer, 2007). This study used satellite images Landsat 5TM in the years 1988, 1997, and
2007 representing the land use and then they were classified as 13 land use categories as

shown in Table 3-3.
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Table 3-2 Elements of Image Interpretation (Jensen and Kiefer, 2007).

No. | Interpretation elements General characteristics
1 tone/ color Relative brightness of black and white image and hue for colored
pictures
2 size Relative dimension of different objects
3 shape Form also height of an object (in 3D)
4 texture Relates to the frequency of tonal change and is expressed as
coarse, fine, smooth or rough, even or uneven, etc
5 pattern Spatial arrangement of objects and implies characteristic
repetition of certain forms or relationship. It can be described as
concentric, radial, check board, etc
6 site Occurrence of an object to a particular easily identifiable feature
7 height z-elevation, slop, aspect, volume
8 association Close relationship/links of different or combination of objects.
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Figure 3-8 Primary ordering of image elements fundamental to the analysis process.
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Table 3-3 Land use and land cover classification system (Land Development Department,

LDD) used in remote sensing data interpretation in Huai Thap Salao watershed, Changwat

Uthai Thani.
LU_CODE
Level | Level Il Level Ill
A Agricultural land AO01  Paddy field A0102 Broadscasted paddy field
A02  Field crops A0202 Corn
A0203  Sugarcane
A0204 Cassava
A03  Perennial crops A0302  Para rubber
F  Forestland FO1  Evergreen forest F0102  Dry evergreen forest
FO2  Deciduous forest FO201  Mixed deciduous forest
F0202  Dry dipterocarp forest
FO3 ~ Forest plantation FO300 Forest plantation
FO301  Teak plantation
FO303  Eucalyptus plantation
W Water Bodies W00 Water bodies WO0000 Water bodies
U  Urban and built-up U00  Urban and built-up land U0000  Urban and built-up land
land

The land use patterns of Huai Thap Salao watershed were classified using both

visual and computer automated interpretation. The procedures were as follow:

3.8.1 Data Sources

Remote sensing data used in this study comprises of Landsat 5TM satellite images
in the year 1988, 1997, and 2007. These data will be used for land use change analysis and
input for trend extrapolation to calculate land use requirements future year that will be
further presented in Chapter 4. Table 3-4 showed the remote sensing data attribute and

accessing periods that were used in this study.
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Table 3-4 The remote sensing data attributes and accessing periods that were used in this

study.
Image type | Path/Row Band Acquisition Original
(R:GB) date Format Scale and Source
Resolution
Landsat 5TM 130/49 5:4:3 1988-04-06 TIFF 25 m. GISTDA
130/49 5:4:3 1997-01-25 TIFF 25m. GISTDA
130/49 5:4:3 2007-03-26 TIFF 25 m. GISTDA
Remarks: GISTDA is Geo-Informatics and Space Technology Development  Agency

(Public Organization)

3.8.2 Data Processing

Satellite imagery was analyzed using the program ERDAS Imagine version 8.7 to
obtain the results for land use classification and grid interpolation. This study used ArcMap
GIS version 9.2 for analyzing previous secondary data and classifying results. Digital data
analysis techniques employed in this study involved the following two steps. The first step,
image classification is the process of making quantitative decision from image data,
grouping pixels of the image into classes to represent different physical object. The second
step, the procedures of the classification consisted of unsupervised classification and

supervised classification.

Unsupervised classification was performed using algorithm called the Iterative Self-
Organizing Data Analysis Technique or ISODATA (Tou and Gonzalez, 1974 cited in

Lillesand et. al., 2008). Performed an unsupervised classification with 30 clusters
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Figure 3-9 a) unsupervised classification.

b) Iterative Self-Organizing Data Analysis Technique (ISODATA).
Source: Adapted from F.F. Sabins (2007) cited in Lillesand et. al. (2008)

In unsupervised classification any individual pixel was compared to each discrete
cluster to see which one it was closest to. A map of all pixels in the image, classified as to
which cluster each pixel was most likely to belong, was produced (in black and white or
more commonly in colors assigned to each cluster) as shown in Figure 3-9. This must be
interpreted by the user as to what the color patterns may mean in terms of classes that were
actually presented in the real world scene; this required some knowledge of the scene's
feature/class/material content from general experience or personal familiarity with the area

imaged (Lillesand et. al., 2008).
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The supervised classification performed by the method of Maximum likelihood was
to delineate a given pixel to the class that generated from the spectral signature analysis.
For avoiding bias, each training area was not least than 30 pixels distributed around study
area. In this study, land use was classified into 7 categories. The random samplings were

rechecked by field observation convincing the correct classification as shown in Figure3-10.
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Figure 3-10 Supervised classification.

Source: Adapted from F.F. Sabins (2007) cited in Lillesand et. al. (2008)

Maximum likelihood classification (MLC) technique was employed to perform the
classification of an unknown pixel. This technique had been found to be the most accurate
procedure in quantitatively evaluate both the variance and correlation of the category spectral
reflectance patterns. In this study land use was classified into seven categories based on

vegetation characteristics and field investigation.
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3.8.3 Post-processing

During the classification process, the "island themes" might appear. These were single
pixel themes that were most likely classification errors. These island themes could be assigned
the same gray level as their phenomenon-surrounding theme using a mode filter. The mode
filter was a filter algorithm that replaces a pixel gray value with the mode of the gray levels
within the filter windows surrounding that pixel. This research applied mode filter with 5x5

windows size to reduce the island themes.

3.8.4 Accuracy assessment

A complete accuracy test of a classification map would be a verification of the class of
every pixel. Obviously this is impossible and indeed defeats the purpose of the image
classification. Therefore, representative test areas must be used instead to estimate the map
accuracy with as little error as possible. Classified image accuracy consists of two accuracy
types. Firstly, overall accuracy which represents the accuracy of the entire product and
secondly, user's accuracy (or map accuracy) which a map user is interested in the reliability of

the map in how well the map represents what be really on the ground.

Overall accuracy is the accuracy of total number of correctly classified pixels,

defined as:
&
Overall accuracy = a1 X; ANESUMIUIBIAAINEIND § (Equation 3-1)
1=
where
X; = a value of the contingency matrix for an element in column i row |
= the number of classes
N = the total number of sampling cells

. .th e i .
f = class i as classified by classified image

J = class j1h as classified by ground truth
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The Kappa coefficient (IZ or KHAT) is a measure of the difference between the
actual agreement between reference data and an automated classifier and the chance
agreement between the reference data and a random classifier (Lillesand et. al, 2008).

Conceptually, 12 can be defined as

Né. )gi - é. ()ﬁ+ ><>(+i)

k= —i VPPV PP PPTUORTPRPPRPRORIS (Equation 3-2)
N2 - é. ()ﬁ+ ><X+i)
i=1
where

r = number of rows in the error matrix

X = number of observations in row i and columni (on the major diagonal)

X, = total of observations in row i (shown as marginal total to right of
the matrix)

X, = total of observations in row i (shown as marginal total at bottom of
the matrix)

N = total number of observations included in matrix

Qualitative classification of overall accuracy value and Kappa coefficient value as

degree of agreement (USGS, 1971 and 2007)

<0 Less than chance agreement
0.01-0.40 Poor agreement
0.41-0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-1.00 Almost perfect agreement
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3.8.5 Accuracy assessment results for land use classification in the year 1988,

1997 and 2007

Accuracy assessment for land use classification was conducted for land use

categories that were interpreted from Landsat 5TM satellite images in the year 2007. This

method was done by using 110 sample points from Landsat 5TM satellite images in the year

2007 and field investigations that were selected using stratified proportional random

samplings. In this method, each land use category was used as sampling measurement

pixel. The result of overall accuracy assessment was 80.99% (or 0.81) and Kappa

coefficient ( 12) was 0.78.

Table 3-5 Accuracy assessment of land use classification in the year 2007.

Reference map
Classified map | £o1 | Fo2 | FO3 | AO1 | AO2 | AO3 | wo1 | UO1 RowTotal |- CA (%)
FO1 510 0 0 0 0 0 0 0| 510 100
FO2 0| 333 5| 106 0 0| 32| 59| 535 62.24
FO3 0 2| 517 0 5 0 1 0| 525 98.48
AO1 0| 39 0| 231 120 38| 27| 22| 367 62.94
AO2 0 0| 12| 35| 380| 25 2| 107| 561 67.74
AO3 0 0 0| 12| 20| 310 0| 25| 367 84.47
W00 0 0 0 9 0 0| 486 6| 501 97.01
Uoo o| o7 1| 28| 52 3| 43| 441 595 74.12
Column Total 510 401 535 421 469 374 591 660
PA (%) 100 | 83.04 | 96.64 | 54.87 | 81.02 | 82.89 | 82.23 | 66.82

Overall accuracy = 80.99% or 0.81

Kappa Index (K) =0.78

Table 3-5 showed evergreen forest area had the highest producer’s accuracy (PA

value), which was 100%, followed by forest plantation area, deciduous forest area,

perennial crops area, water bodies area, field crops area, and urban and built-up area.

Land use ‘paddy field area’ had the least producer accuracy, which was 54.87%. The

accuracy values indicated that evergreen forest had the highest probability of a reference
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site being correctly classified. It was calculated by dividing the total number of correctly
classified pixels for a class by the total number of reference site for the class. In the user’s
accuracy (consumer’'s accuracy-CA value) calculation, evergreen forest area had the
highest user’s accuracy, which was 100%, followed by forest plantation area, water bodies
area, perennial crops area, urban and built-up area, field crops area, and paddy field area.

Land use ‘deciduous forest area’ had the least user’'s accuracy, which was 62.24%.

Accuracy assessment for land use classification was conducted for land use
categories that were interpreted from Landsat 5TM satellite images in the year 1997. This
method was done by using 110 sample points from Landsat 5TM satellite images in the year
1997 and field investigations that were selected using stratified proportional random
samplings. In this method, each land use category was used as sampling measurement
pixel. The result of overall accuracy assessment was 77.98% (or 0.78) and Kappa

coefficient (K ) was 0.75 as shown in Table 3-6.

Table 3-6 Accuracy assessment of land use classification in 1997.

Reference map Row
Classified map | £o1 | Foz | Fos | Aot | Ace | 03| wo1 | Uot | To | )
FO1 617 39 1 0 0 0 0 0 657 93.91
FO2 51 444 72 4 1 3 5 0 580 76.55
FO3 3 68 546 30 51 3 0 14 715 76.36
AO01 0 14 15 290 27 12 1 66 425 68.24
AQ02 0 3 71 137 412 2 11 31 667 61.77
A03 0 0 2 8 60 370 12 32 484 76.45
W00 1 40 0 0 0 0 522 0 563 92.72
uoo 0 0 1 51 28 12 0 276 368 75.00
Column Total 672 608 708 520 579 402 551 419
PA (%) 91.82 | 73.03 | 7712 | 5577 | 7116 | 92.04 | 94.74 | 65.87
Overall accuracy = 77.98% or 0.78 Kappa Index ( R) =0.75
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Accuracy assessment for land use classification was conducted for land use
categories that were interpreted from Landsat 5TM satellite images in the year 1988. This
method was done by using 110 sample points from Landsat 5TM satellite images in the year
1988 and field investigations that were selected using stratified proportional random
samplings. In this method, each land use category was used as sampling measurement
pixel. The result of overall accuracy assessment was85.99% (or 0.86) and Kappa coefficient

(IZ) was 0.84 as shown in Table 3-7.

Table 3-7 Accuracy assessment of land use classification in 1988.

Reference map

Classified map | Fo1 | Fo2 | FO3 | AO1 | AO2 | AO3 | W01 | UO1 RowTotl | CA (e
FO1 598 0 0 0 0 0 0 0 598 100
FO2 0 560 78 0 0 0 5 0 643 87.09
FO3 0 121 486 0 81 35 6 1 730 66.58
AO01 0 0 2 453 3 7 43 1 509 89.00
A02 0 3 16 42 598 23 13 57 752 79.52
A03 0 0 0 32 12 380 0 2 426 89.20
W00 0 4 0 11 9 0 412 1 437 94.28
uoo 0 0 0 0 29 0 3 441 473 93.23

Column Total 598 688 582 538 732 445 482 503 4568
PA (%) 100 | 81.40 | 83.51 | 84.20 | 81.69 | 85.39 | 85.48 | 87.67
Overall accuracy = 85.99% or 0.86 Kappa Index ( I2) =0.84

It implied that a pixel on the map presented that land use category on the ground.
This accuracy was calculated by dividing the number of correct accuracy sites for a land
use category by the total number of accuracy assessment sites that were classified in that

land use category.
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3.8.6 Land use classification in the year 1988, 1997 and 2007 in Huai Thap

Salao watershed

According to the land use classification processes by Landsat 5TM satellite
images, there were 8 land use categories were identified, namely, paddy field, field crops,
perennial crops, evergreen forest, deciduous forest, forest plantation, urban and built-up
land, and water bodies. The trends of land use changes of the area during 1988-2007 were
presented in Table 3-8 and Figure 3-11. The areal distributions and locations of land use

categories were presented in the Figure 3-12 to 3-17.

Table 3-8 Land use classification in Huai Thap Salao watershed by Landsat 5TM satellite

images in the year 1988, 1997 and 2007.

Land use 1988 1997 2007
Land use category

code km® % km® % km? %
A01 Paddy field 20.08 2.61 27.86 3.62 66.50 8.65
A02 Field crops 166.63 21.66 160.93 20.92 116.07 15.09
A03 Perennial crops 14.83 1.93 31.34 4.08 40.09 5.21
FO1 Evergreen forest 122.14 15.88 15517 20.17 204.21 26.55
F02 Deciduous forest 436.54 57.05 361.93 47.35 306.34 40.12
FO3 Forest plantation 0.56 0.07 5.73 0.75 7.51 0.98
uoo Urban and built-up land 2.77 0.36 3.78 0.49 16.38 213
W00 Water bodies 3.30 0.43 20.10 2.61 9.75 1.27

Total 766.85 100.00 766.85 100.00 766.85 100.00
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Figure 3-11 Graph showing the areal distributions of land use categories in Huai Thap Salao

watershed during 1988-2007.

The result revealed that the change detection for the land use classification
in the 1988, 1997 and 2007, that paddy field, perennial crops, evergreen forest, forest
plantation, and urban and built-up land were increasing over time, whereas deciduous
forest and field crops tended to decrease. Besides, water bodies tended to increase in the

year 1997 and decrease in the year 2007 according to the construction of Thap Salao dam.

Several western parts of deciduous forest tended to decrease because
changing to be evergreen forest. It appeared undulating plains and ridges, low levels of
rainfall, porous, heavily eroded and leached sandy or lateritic soils of both granitic and

sandstone origin.



1720000 1730000

1710000

Figure 3-12 Classification of land use categories in Huai Thap Salao watershed in 1988.
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Figure 3-13 Landsat 5TM satellite image of Huai Thap Salao watershed in 1988.
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Figure 3-14 Classification of land use categories in Huai Thap Salao watershed in 1997.
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Figure 3-15 Landsat 5TM satellite image of Huai Thap Salao watershed in 1997.
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Figure 3-16 Classification of land use categories in Huai Thap Salao watershed in 2007.
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image of Huai Thap Salao watershed in 2007.
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3.9 Infrastructure and human settlement

Geographic Information System (GIS) tools were used to determine either stable or
dynamic variables based on features such as points (settlements) or lines (roadss). The
resulting grid theme contains a Euclidean distance (the straight line distance between two
points) which is calculated between each of the output cells that doesn't contain a feature,
to the closest feature.

The presence of transportation such as roads network might contribute to the
evolution of land use change in the study area. For the construction of transportation map,
the necessary features were derived from 1:50,000 scale digital maps of Land Development

Department as shown in Figure 3-18.
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Figure 3-18 Distance raster of every pixel to the nearest roads in the study area.
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The presence of human settlement might contribute to the evolution of land use

change in the area. For the construction of human settlement map, the necessary features

were derived from 1:50,000 scale digital maps of Land Development Department as shown

in Figure 3-19.
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Figure 3-19 Distance raster of every pixel to the nearest village point in the study area.

3.10 Reserved areas

The presence of forest reserve area such as Wildlife Sanctuary and National park

might contribute to the protection of land use change in the study area. For the construction

of restriction map, the necessary features were derived from 1:50,000 scale digital maps of

Department of National Park, Wildlife and Plant Conservation as shown in Figure 3-20.
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Figure 3-20 Reserved area of the study area.

3.11 Mean annual precipitation

In this study, rainfall data were received from observation stations of Thai
Meteorology Department during e January 1988 to 31" December 2007 being put into

database surrounding Huai Tap Salao watershed (as show in Figure 3-21).
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Figure 3-21 Location of eleven rainfall-measurement stations of Thai Meteorological

Department (TMD) surrounding the study area.

Supported by the data from 11 precipitation-observation stations on precipitation
and the Inverse Distance Weighted (IDW) interpolation methods, the changing trends of
mean precipitation were represented as the grid scale of 30 m x 30 m. percentage of
sunlight is also a supposed driving factor for land use change and was also disaggregated
into the spatial dimension based on the data collection from 11 observation station (Figure

3-22).
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Figure 3-22 Isohyte map of mean precipitation during e January 1988 to 31" December
2007 in the study area.

3.12 Field investigation

Field investigation was an essential part to verify the image interpretation process,
as it was important to be confident of the validity of the desk-based assessment. The aim of
field investigation was to confirm as many of the land use patterns as possible in Huai Thap
Salao watershed, Amphoe Lan Sak, Changwat Uthai Thani. Selective field investigation was
carried out to verify specific questions of interpretation that could not be resolved through

the use of the data sources outlined above (SWALIM, 2007).

In preparation for field investigation using the topography map at scale 1:50,000 of
L7018 series. The required map sheet included map number 4839l, 4840Il, 49391V and

494011l prepared and published by the Royal Thai Survey Department. Moreover land use
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mapping was accomplished through interpretation of satellite images from unsupervised
classification process, was analyzed using the program ERDAS Imagine version 8.7. The
images were prepared to show the best possible visual interpretation of target land cover
types using Landsat bands 5, 4, 3, (RGB). Land use mapping were then overlay with the
outlines and labels of the draft vectors supplied by main roads, rural tracks, and villages, to

help field checking (Figure 3-23).

Most of the field investigation was done by travelling in a vehicle and a set of
intensive 110 ground truth points was organized during 18"-20" March 2011 to localize
different land cover and land use categories in order to refine the aforementioned

classification.

The intensity of field investigation varied between map sheets depending on
accessibility, and the nature of the land cover. Intensively managed landscapes were
assessed to greater detail than natural landscapes, as they showed a finer mosaic of land
cover types, and some of the classes present in these areas could not be reliably identified

in the satellite imagery (Griner and Gapare, 2004).
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Figure 3-23 Traverse lines and field investigation points in the study area that were located

in Landsat 5TM (R=5, G=4, B=3) acquired on 18"-20" March 2011.

In the field, GPS (global positioning system) can be used to precisely detect land
use in the study area. The GPS uses a network of satellites to precisely pinpoint the device's
location on Earth at any moment. GPS uses the principle of trilateration, using the location of
several satellites to pinpoint an exact location. A receiver can determine the latitude,
longitude, and elevation of a point using four or more satellites; there are a total of 24 Global

Positioning System satellites currently in use (Earth Science Australia, 2010).

The field teams usually consisted of three people, with one person being solely
responsible for driving. The other two worked with the setting GPS and the prepared
hardcopy of the image to accomplish the following tasks (Griiner and Gapare, 2004):

(1) Check whether the land cover types identified in the draft vectors are in fact

present on the ground (errors of commission)



84

(2) Check whether land cover types observed on the ground are correctly captured
in the draft vectors (errors of omission)

(3) Identify land cover classes of unknown or questionable spectral signatures

(4) Identify characteristic signatures of the target land cover classes

This work required constant decisions with respect to class allocation. These
decisions were made using two criteria: field observation and the signatures in the satellite

imagery. The photographs of field observation locations were illustrated in Appendix.

On 18"March 2011, the field investigation was mainly done in Ban Khao Khiao; Ban
Ko Mo 52; Ban Bueng Charoen, Tambon Rabam, Amphoe Lan Sak, Changwat Uthai Thani.
Moreover, there were an information interviews at Ban Bueng Charoen, Tambon Rabam,

Amphoe Lan Sak, Changwat Uthai Thani (Figure 3-24).

On 19"March 2011, the field investigation was mainly done in Huai Kha Khaeng
Wildlife Sanctuary; Ban Huai Plao; Ban Phet Charoen; Ban Ang Huai Dong; Ban Pong
Makha; Ban Khao Hin Thoen; Ban Pong Sam Sip; Ban Khao Mai Nuan; Ban Sap Sombun;
Ban Kiri Wong; Ban Tha Ma-nao, Tambon Rabam, Amphoe Lan Sak, Changwat Uthai Thani;
Ban Pak Mueang, Tambon Lan Sak, Amphoe Lan Sak, Changwat Uthai Thani Moreover,
there were an information interviews at Ban Huai Plao; Ban Ang Huai Dong; Ban Pong Sam
Sip; Ban Kiri Wong; Ban Tha Ma-nao; Tambon Rabam, Amphoe Lansak, Changwat Uthai
Thani (Figure 3-25).

On 20"March 2011, the field investigation was mainly done in Ban Pang Mai Pai;
Ban Huai Rang; Ban | Dang, Tambon Rabam, Amphoe Lan Sak, Changwat Uthai Thani; Ban
Khao Din; Ban Na Rai Dieo; Ban Phu Lhum , Tambon Lan Sak, Amphoe Lan Sak, Changwat
Uthai Thani; Ban Khao Wong; Ban Khao Kongchai, Tambon Pa O, Amphoe Lan Sak,
Changwat Uthai Thani; Ban Pradu Yeun; Ban Takhlo; Ban Prada Huk, Tambon Pradu Yeun,

Amphoe Lan Sak, Changwat Uthai Thani; Ban Din Deang; Ban Bung Fang; Ban Nikhom
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Samakkhi Tambon Khao Kwang Thong, Amphoe Nong Chang, Changwat Uthai Thani; Ban
Wang To Yang; Ban Tap Salao, Tambon Thung Na Ngam, Amphoe Nong Chang, Changwat
Uthai Thani; Moreover, interviewing information with the people were also conducted at
Pang Mai Pai, Ban | Dang, Khao Wong, Ban Khao Kongchai, Ban Pradu Yeun, Amphoe Lan
Sak, Changwat Uthai Thani (Figure 3-26).
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Figure 3-24 Field investigation located in northern of Huai Tap Salao watershed acquired on

18"March 2011.
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Figure 3-25 Field investigation located in central of Huai Tap Salao watershed acquired on

19"March 2011.
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Figure 3-26 Field investigation located in southeast of Huai Tap Salao watershed acquired

on 20"March 2011.




CHAPTER IV

ANALYSIS AND RESULTS

This chapter mainly presents the results of overall analysis, including analysis of
land use changes, examination of affecting factors in logistic regression and land use
scenarios developed by using relevant variables in the CLUE-s model. The first part of this
chapter explained the result of dynamic spatial patterns of land use changes. The second
part of this chapter identifies affecting factors that caused land use changes. The final part
of this chapter presents the simulation and extrapolation of land use changes by the CLUE-
s model for predicting of the future scenarios. All of the results in this chapter will be further

discussed and finally concluded in Chapter 5.

4.1 Dynamic spatial patterns of land use changes in Huai Thap Salao watershed

The combination bands (R:G:B = 5:4:3) of Landsat 5TM in 1988, 1997 and 2007 with
supervised classification process were used for land use classification. The classification of
land use categories in Huai Thap Salao watershed was presented in Chapter 3.2.5. This
part showed dynamic spatial patterns of land use changes that were interpreted from

Landsat 5TM satellite images in the year 1988, 1997, and 2007.

Change detection technique was calculated cross-tabulated areas between two
datasets. This approach used the Tabulate Areas tool in ArcMap GIS version 9.2 to produce
a cross-tabulation table and Microsoft Excel for graphing. This was used to compare and
calculate coincident areas. As an example, using Tabulate Area, one could calculate the
area of each land use category in each zoning district. The first input was a land use raster,

and the second was zoning (ESRI, 2010).

Detecting of land use changes in Huai Thap Salao watershed was conducted by
import map of land use in the year 1988, 1997 and 2007 into GIS database as raster format

to overlay with land use map for all 3 years by using tabulate area in spatial analysis. Land
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use area for each type was calculated and compared the changing during year 1988 to

1997 and year 1997 to 2007 with the application of cross classification (Figure 4-1).

Land use map Land use map

kel 2007

Land use map

1988

Land use changes Land use changes Land use changes

map 1988-1997 map 1997-2007 map 1988-2007

Figure 4-1 Method for land use changes analysis.

Estimation of land use changes was employed on three independent classification
results with different time, which were classified results of Landsat 5TM in the year 1988,
1997 and 2007. The change estimation technique is used for identifying the “from-to”
change of land use and quantifying the different rates and magnitude of change. The
formula to calculate the annual change of land use was:
A -A

A= 21100 /(T2 - T1) ............................... (Equation 4-1)
A

1

where

Average annual rates of change (%)

Amount of land use category in time 1 (T,)

Amount of land use category in time 2 (T,)
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Land use maps were derived from classification of Landsat 5TM image in the year
1988, 1997 and 2007. In this study, the images were reclassified in 4 classes (90 x 90 m
raster grid resolution) as shown in Figure 4-2. The results of the comparison study on land

use changes during 1988 t01997, 1997 to 2007, and 1988 to 2007 were as follow:
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Figure 4-2 Reclassification land use level 1 in Huai Thap Salao watershed.

The result revealed that the change detection for the land use classification in the
year 1988, 1997 and 2007, it could be seen that agricultural land, and urban and built-up
land were increasing over time, whereas forest land tended to decrease. Besides, water

bodies tended to increase in the year 1997 and decrease in the year 2007 because Thap
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Salao dam was constructed. The trends of land use changes of the area during 1988-2007

were presented in Table 4-1 and Figure 4-3.

Table 4-1 Comparative land use class 1 in Huai Thap Salao watershed in the year 1988,

1997 and 2007.

1988 1997 2007
Land use category
km? % km? % km? %
Agricultural land 200.82 26.19 219.32 28.60 221.91 28.94
Forest land 559.97 73.02 523.69 68.29 518.92 67.67
Urban and built-up land 2.76 0.36 3.75 0.49 16.28 2.12
Water bodies 3.29 0.43 20.10 2.62 9.74 1.27
Total 766.85 100.00 766.85 100.00 766.85 100.00

.——-———__ = ~ s Agricubtural land

== Forest land

=de=LIrban and built-up land

Land use area (Percentage)

20 - Water bodies
i ..——#———.
Year 1588 Year 1997 Year 2007

Figure 4-3 Graph showing trend (in percentage) of land use changes in Huai Thap Salao

watershed during 1988 to 2007.
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4.1.1 Land use changes during 1988 to 1997

The land use map in the year 1988 was overlaid with the land use map in the year
1997 and the results were showed in Table 4-2, Table 4-3, Table 4-4 and Figure 4-4. The
results of the land use changes within 10 years period (1988 to 1997) were shown as

follows:

Agricultural land was increased with an area of 18.50 km” or 25.29% of the land use
changes. Furthermore, the most of agricultural land was transformed to be forest land with
an area of 14.39 km’ (Ratio = 0.0716), followed by water bodies area with an area of 11.60
km” (Ratio = 0.0578), and urban and built-up land with an area of 2.51 km® (Ratio = 0.0125),

respectively.

Forest land was decreased with an area of 36.29 km’ or 50% of the land use
changes. Furthermore, the most of forest land was transformed to be agricultural land with
an area of 44.59 km’ (Ratio = 0.0796), followed by water bodies area with an area of 5.92
km’ (Ratio = 0.0106), and urban and built-up land with an area of 0.67 km’ (Ratio = 0.0012),

respectively.

Urban and built-up land was increased with an area of 0.98 km? or 1.36% of the land
use changes. Furthermore, the most of urban and built-up land was transformed to be water

bodies area with an area of 1.17 km’ (Ratio = 0.4223).

Water bodies area was increased with an area of 16.80 km’ or 23.16% of the land
use changes. Furthermore, the most of water bodies area was transformed to be agricultural
land with an area of 1.68 km’ (Ratio = 0.5088), and urban and built-up land with an area of

0.01 ka(Ratio = 0.0020), respectively.
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Table 4-2 Changes in areas of different land use categories in Huai Thap Salao watershed,

1988-1997.
Area (Square kilometers)
Land use Land use Percentage of total
Year 1988 Year 1997
changes land use changes
Agricultural land 200.82 219.32 18.50 25.49
Forest land 559.97 523.69 -36.29 50.00
Urban and built-up land 2.76 3.75 0.98 1.36
Water bodies 3.29 20.10 16.80 23.16
Total 766.85 766.85 72.57 100
Remark: Changing with positive value (+) was defined as increasing area, and
Changing with negative value (-) was defined as decreasing area
Table 4-3 Matrix of land use changes in Huai Thap Salao watershed, 1988-1997 (kmz).
Year 1997 | Agricultural Urban and Water
Year 1988 land AT built-up land bodies Total area
Agricultural land 172.32 14.39 2.51 11.60 200.82
Forest land 44.59 508.79 0.67 5.92 559.97
Urban and built-up land 0.00 0.00 1.60 1.17 2.76
Water bodies 1.68 0.00 0.01 1.61 3.29
Total area 218.59 523.18 4.78 20.30 766.85

Table 4-4 Matrix of land use changes in Huai Thap Salao watershed, 1988-1997 (Ratio).

Year 1997 | Agricultural Urban and Water
Forest land Total area
Year 1988 land built-up land bodies
Agricultural land 0.8581 0.0716 0.0125 0.0578 1.0000
Forest land 0.0796 0.9086 0.0012 0.0106 1.0000
Urban and built-up land 0.0000 0.0000 0.5777 0.4223 1.0000
Water bodies 0.5088 0.0000 0.0020 0.4892 1.0000
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4.1.2 Land use changes during 1997 to 2007

The land use map in the year 1997 was overlaid with the land use map in the 2007
and the results were showed in Table 4-5, Table 4-6, Table 4-7 and Figure 4-5. The results

of the land use changes within 10 years period (1997-2007) were shown as follows:

Agricultural land was increased with an area of 2.59 km” or 8.56% of the land use
changes. Furthermore, the most of agricultural land was transformed to be forest land with
an area of 24.49 km” (Ratio = 0.1117), followed by urban and built-up land with an area of
14.37 km® (Ratio = 0.0655), and water bodies area with an area of 0.14 km’ (Ratio = 0.0006),

respectively.

Forest land was decreased with an area of 4.76 km’ or 15.75% of the land use
changes. Furthermore, the most of forest land was transformed to be agricultural land with
an area of 31.84 km” (Ratio = 0.0608), followed by urban and built-up land with an area of
0.51 km® (Ratio = 0.0010), and water bodies area with an area of 0.39 km’ (Ratio = 0.0007),

respectively.

Urban and built-up land was increased with an area of 12.53 km”or 11.44% of the

land use changes. Furthermore, the most of urban and built-up land was not transformed.

Water bodies area was decreased with an area of 10.36 km” or 34.25% of the land
use changes. Furthermore, the most of water bodies area were transformed to be forest
land with an area of 7.41 km’ (Ratio = 0.3689), followed by forest land with an area of 0.34
km’ (Ratio = 0.1511), and urban and built-up land with an area of 0.45 km’ (Ratio = 0.0223),

respectively.
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Table 4-5 Changes in areas of different land use categories in Huai Thap Salao watershed,

1997-2007.
Area (Square kilometers)
Land use Land use Percentage of total
Year 1997 Year 2007
changes land use changes
Agricultural land 219.32 221.91 2.59 8.56
Forest land 523.69 518.92 -4.76 15.75
Urban and built-up land 3.75 16.28 12.53 41.44
Water bodies 20.10 9.74 -10.36 34.25
Total 766.85 766.85 30.24 100
Remark: Changing with positive value (+) was defined as increasing area, and
Changing with negative value (-) was defined as decreasing area
Table 4-6 Matrix of land use changes in Huai Thap Salao watershed, 1997-2007 (km2).
Year 2007 | Agricultural Urban and Water
Year 1997 land AT built-up land bodies Total area
Agricultural land 180.32 24.49 14.37 0.14 219.32
Forest land 31.84 490.94 0.51 0.39 523.69
Urban and built-up land 0.00 0.00 3.75 0.00 3.75
Water bodies 7.41 3.04 0.45 9.20 20.10
Total area 219.58 518.46 19.08 9.73 766.85
Table 4-7 Matrix of land use changes in Huai Thap Salao watershed, 1997-2007 (Ratio).
Year 2007 | Agricultural Urban and Water
Forest land Total area
Year 1997 land built-up land bodies
Agricultural land 0.8222 0.1117 0.0655 0.0006 1.0000
Forest land 0.0608 0.9375 0.0010 0.0007 1.0000
Urban and built-up land 0.0000 0.0000 1.0000 0.0000 1.0000
Water bodies 0.3689 0.1511 0.0223 0.4578 1.0000
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4.1.3 Land use changes during 1988 to 2007

The land use map in the year 1988 was overlaid with the land use map in the in the
year 2007 and the results were showed in Table 4-8, Table 4-9, Table 4-10 and Figure4-6.
The results of the land use changes within 20 years period (1988-2007) were shown as

follows:

Agricultural land was increased with an area of 21.08 km” or 25.68% of the land use
changes. Furthermore, the most of agricultural land was transformed to be forest land with
an area of 16.56 km” (Ratio = 0.0825), followed by urban and built-up land with an area of
13.18 km’ (Ratio = 0.0656), and water bodies area with an area of 5.73 km” (Ratio = 0.0285),

respectively.

Forest land was decreased with an area of 41.05 km’ or 50% of the land use
changes. Furthermore, the most of forest land was transformed to be agricultural land with
an area of 53.54 km” (Ratio = 0.0956), followed by urban and built-up land with an area of
2.61 km’ (Ratio = 0.0047), and water bodies area with an area of 1.96 km” (Ratio = 0.0035),

respectively.

Urban and built-up land was increased with an area of 13.52 km”or 16.46% of the
land use changes. Furthermore, the most of urban and built-up land was transformed to be

water bodies area with an area of 0.84 km’ (Ratio = 0.3050).

Water bodies area was increased with an area of 6.45 km”or 7.85% of the land use
changes. Furthermore, the most of water bodies area was transformed to be agricultural
land with an area of 1.84 km’ (Ratio = 0.5598), followed by forest land with an area of 0.17
km’ (Ratio = 0.0513), and urban and built-up land with an area of 0.07 km’ (Ratio = 0.0217),

respectively.
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Table 4-8 Changes in areas of different land use categories in Huai Thap Salao watershed,

1988-2007.
Area (Square kilometers)
Land use Land use Percentage of total
Year 1988 Year 2007
changes land use changes
Agricultural land 200.82 221.91 21.08 25.68
Forest land 559.97 518.92 -41.05 50.00
Urban and built-up land 2.76 16.28 13.52 16.46
Water bodies 3.29 9.74 6.45 7.85
Total 766.85 766.85 82.10 100.00
Remark: Changing with positive value (+) was defined as increasing area, and
Changing with negative value (-) was defined as decreasing area
Table 4-9 Matrix of land use changes in Huai Thap Salao watershed, 1988-2007 (kmz).
Year 2007 | Agricultural Urban and Water
Year 1988 land BT A built-up land bodies Total area
Agricultural land 165.36 16.56 13.18 5.73 200.82
Forest land 53.54 501.86 2.61 1.96 559.97
Urban and built-up land 0.00 0.00 1.92 0.84 2.76
Water bodies 1.84 0.17 0.07 1.21 3.29
Total area 220.74 518.59 17.78 9.74 766.85

Table 4-10 Matrix of land use changes in Huai Thap Salao watershed, 1997-2007 (Ratio).

Year 2007 Agricultural Forest land Urban and Water Total area
Year 1988 land built-up land bodies
Agricultural land 0.8234 0.0825 0.0656 0.0285 1.0000
Forest land 0.0956 0.8962 0.0047 0.0035 1.0000
Urban and built-up land 0.0000 0.0000 0.6950 0.3050 1.0000
Water bodies 0.5598 0.0513 0.0217 0.3673 1.0000
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4.2 ldentify affecting factors that caused land use changes during 1988 to 2007

in Huai Thap Salao watershed

Binomial logistic regression was used to define the relationships between the land
use categories and its affecting factors. It calculated the occurrence of an event, using the
independent variables as predictor values (Garson, 2001). This method was used when a
dependent was a dichotomy (0 or 1) and the independents were continuous variables or

categorical variables (Garson, 2001). Logistic regression equation:

P.
log ( 1 Pl )= Bt Bxit Boxo b BoXoiorooriiieis (Equation 4-2)
Where
P = Probability of the occurrence of the land use category
ﬁn = Regression values, output of the regression model
X, = Affecting factors

Logistic regression produced odds ratios associated with each predictor value.
These ratios were the exponents of the logit coefficient and therefore also called the
exponentﬁ (Exp (ﬁ)). The odds of an event were defined as the probability of the event
occurring divided by the probability of the event not occurring. The odds ratio for a
predictor tells the relative amount by which the odds of the outcome increase (odds ratio >
1) or decrease (odds ratio < 1) when the value of the predictor value was increased by 1

unit.

Because all independents had different units it was not easy to find the most
important variable in the model. If categorical values (0 or 1) change with 1 unit the
maximum change was taken. But if a continuous variable changes 1 unit, only a small

percentage of the possible change had happened.
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The results of logistic regression between land use and independent variables were
presented in this section. Each land use had independent variables or affecting factors that
influence to its patterns. In logistic regression analysis, four classes of land use were
included in the regression calculation.

The number of affecting factors used in this regression analysis was 7 variables.
Each affecting factors had a different effect on every type of land use. The effect of each
affecting factors was indicated by the coefficient ﬁ in logistic regression result, which
presents how much variance from the use of land that could be explained by the affecting
factors. A large positive ﬁ value indicated a strong positive relationship between the
independent and dependant variable (land use changes), while a large negativeﬁ value

indicates a strong negative correlation with land use changes as shown Table 4-11.

Table 4-11 Results of logistic regression between land use categories and affecting factors.

Land use category
Variables Urban and built-up
Forest land Agricultural land Water bodies
land
Elevation .0110 -.0079 * -.1452
Degree of Slope .0805 -.0466 -2717 -1.0406
Mean annual
.0023 -.0011 -.0167 .0663
precipitation
Distance to streams i * .0006 .0020
Distance to roads .0010 -.0015 -.0011 .0069
Distance to villages .0009 -.0008 -0.0002 -.0016
Soil texture 4846 5729 -.2393 -2.4515
Constant -10.4171 4.4741 17.6632 -69.6117
ROC Value 0.97 0.929 0.92 0.984

All variables significant at 0.05 level

Remark:

* not statistically significant at 0.05 level
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The selection of the significant and non-significant independent variables was
based on a forward stepwise procedure. The variables, which had coefficient values below
0.05 significant thresholds, were categorized as significant and the variables above 0.05
would be classified as non-significant and automatically removed in the calculation process.
All of significant variables were automatically selected in the results of forward stepwise
procedure and would be used in the calculation of land use probability. Practically, forward
stepwise procedure in logistic regression was done by putting each independent variable in

the process one by one until all of variables were involved in the iteration process.

The regression equation was created to indicate the influence of the affecting
factors and the overall probability for each land use changes. By using ROC (Relatively
Operating Characteristics), the probability of each land use was evaluated and compared
to the existing land use. The comparison was based on the number of cells that equal
between the maps. The percentage of ROC showed how the regression equation was used
to predict the future land use changes based on its probability. According to the results, the
values of ROC for probability of forest land, agricultural land, urban and built-up land and
water bodies were 0.970, 0.929, 0.92 and 0.984 respectively. Based on the literatures
reviewed, these ROC values were categorized as very strongly correlated between the all

affecting factors and each land use category.
4.3 Factors and their relationship affecting forest land

Table 4-11 showed the relative importance of affecting factors to the forest land in
the study area. According to the stepwise procedure in the logistic regression for forest
land, some variables had significant values, including soil texture (ﬁ = 0.4846), degree of
slope (ﬁ = 0.0.085), elevation (ﬁ = 0.0110), mean annual precipitation (ﬁ = 0.0023),
distance to roads (ﬁ = 0.001), and distance to villages (ﬁ = 0.0009), respectively. In the
other hand, distance to streams had non-significant values and was removed from the

calculation process of the logistic regression.
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The results revealed that the change of forest land had relationship between the 6
affecting factors and a positive value of probability factors was explained as follows: The
most affecting factor was soil texture factor that a high influence to the forest land changes
in the area compared to the other affecting factors followed by degree of slope, elevation,

mean annual precipitation, distance to roads, and distance to villages, respectively.
4.3.1 Relationship between factors of soil texture and forest land

In relationship between factors of soil texture and forest land, the frequencies were
determined by calculating the forest land areas for each 4 soil texture (Table 4-12 and

Figures 4-7, 4-8).

Forest land was decreased in the sandy loam; the ratio was 0.825 or 47.968 km? of
the forest land change decreased, indicating a high probability to change. Moderate
probabilities were commonly observed in the areas which soil texture was in the clay; the
ratio was 0.128 or 7.46 km’ of the forest land change decreased. It was noted that low
probabilities were observed in the area which from the soil texture were in the clay loam and

sandy, which the ratio was 0.031 and 0.016.

Forest land was increased in the sandy loam; the ratio was 0.842 or 14.297 km” of
the forest land change decreased, indicating a high probability to change. Moderate
probabilities were commonly observed in the areas which soil texture was in the clay; the
ratio was 0.102 or 1.733 km’ of the forest land change decreased. It was noted that low
probabilities were observed in the area which from the soil texture were in the clay loam and

sandy, which the ratio was 0.044 and 0.011.
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Table 4-12 Relationship between factors of soil texture and forest land change in Huai Thap

Salao watershed.

Agricultural land change

Agricultural land change increase

20

0

Clay Clayloam  Sand loam

Sofl texture

Soil texture decrease
Area (kmz) Ratio Area (kmz) Ratio
Clay 7.460 0.128 1.733 0.102
Clay loam 1.782 0.031 0.753 0.044
Sandy loam 47.968 0.825 14.297 0.842
Sandy 0.948 0.016 0.194 0.011
Total 58.158 1.000 16.978 1.000
60
50
40
&
E
= 30
E B Decreased forest land

B 'ncreased forest land

Figure 4-8 Histogram distribution of forest land change on soil texture.
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4.3.2 Relationship between factors of degree of slope and forest land

In relationship between factors of degree of slope and forest land, the frequencies
were determined by calculating the forest land areas for each 5 degree interval of slope

angle (Table 4-13 and Figures 4-9, 4-10).

Forest land was decreased in slope below 5%; the ratio was 0.777 or 45.214 km” of
the forest land change decreased, indicating a high probability to change. Followed by
interval 5 to 10%; the ratio was 0.118 or 6.869 km’, indicating a moderate probability to
change. It was noted that low probabilities were observed in the area which from the slope
were in the range of between 10 to 15%, 15 to 20%, 20 to 25%, 25 to 30%, 30 to 35%, 35 to
40%, and more than 40%, that the ratio was 0.051, 0.024, 0.017, 0.006, 0.004, 0.002, and

0.001, respectively.

Forest land was increased in slope below 5%; the ratio was 0.743 or 12.62 km?® of
the forest land change increased, indicating a high probability to change. Followed by
interval 5 to 10%; the ratio was 0.163 or 2.777 km’, indicating a moderate probability to
change. It was noted that low probabilities were observed in the area which from the slope
were in the range of between 10 to 15%, 15 to 20%, 20 to 25%, 25 to 30%, and 30 to 35%,
that the ratio was 0.056, 0.027, 0.009, 0.001, and 0.001, respectively.
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Table 4-13 Relationship between factors of degree of slope and forest land change in Huai

Thap Salao watershed.

Forest land change decrease Forest land change increase
Degree of slope (%)
Area (kmz) Ratio Area (kmz) Ratio
0-5 45.214 0.777 12.620 0.743
5-10 6.869 0.118 2.762 0.163
10-15 2.981 0.051 0.948 0.056
15-20 1.369 0.024 0.454 0.027
20-25 0.972 0.017 0.154 0.009
25-30 0.340 0.006 0.024 0.001
30-35 0.243 0.004 0.016 0.001
35-40 0.122 0.002 0.000 0.000
>40 0.049 0.001 0.000 0.000
Total 58.158 1.000 16.978 1.000
50
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Figure 4-10 Histogram distribution of forest land change on slope.
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4.3.3 Relationship between factors of elevation and forest land

In relationship between factors of elevation and forest land, the frequencies were
determined by calculating the forest land areas for each 100 meters interval of mean sea

level (Table 4-14 and Figures 4-11, 4-12).

Forest land was decreased in contour interval 100 to 200 meters; the ratio was 0.726
or 42.217 km’ of the forest land change decreased, indicating a high probability to change.
Followed by interval 200 to 300 meters; the ratio was 0.195 or 11.316 km®, indicating a
moderate probability to change. It was noted that low probabilities were observed in the
area which from the elevation were in the range of between 0 to 100m., 300 to 400m., 400 to

500m., and 600 to 700m., that the ratio was 0.044, 0.029, 0.004, and 0.001, respectively.

Forest land was increased in contour interval100 to 200 meters; the ratio was 0.578
or 9.817 km’ of the forest land change increased, indicating a high probability to change.
Followed by interval 200 to 300 meters; the ratio was 0.305 or 5.176 kmz, indicating a
moderate probability to change. It was noted that low probabilities were observed in the
area which from the elevation were in the range of between 0 to 100m., and 300 to 400m.,

which the ratio was 0.099, and 0.017, respectively.
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Table 4-14 Relationship between factors of elevation and forest land change in Huai Thap

Salao watershed.

Forest land change decrease Forest land change increase
Elevation (meters) > 2
Area (km”) Ratio Area (km") Ratio
0-100 2.560 0.044 1.677 0.099
100-200 42.217 0.726 9.817 0.578
200-300 11.316 0.195 5.176 0.305
300-400 1.709 0.029 0.284 0.017
400-500 0.251 0.004 0.000 0.000
500-600 0.008 0.000 0.008 0.000
600-700 0.032 0.001 0.000 0.000
700-800 0.016 0.000 0.000 0.000
800-900 0.008 0.000 0.000 0.000
900-1000 0.008 0.000 0.008 0.000
1000-1100 0.008 0.000 0.008 0.000
1100-1200 0.008 0.000 0.000 0.000
1200-1300 0.016 0.000 0.000 0.000
1300-1400 0.000 0.000 0.000 0.000
1400-1500 0.000 0.000 0.000 0.000
Total 58.158 1.000 16.978 1.000
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Figure 4-12 Histogram distribution of forest land change on elevation.
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4.3.4 Relationship between factors of distance from roads and forest land

In relationship between factors of distance from roads and forest land, the
frequencies were determined by calculating the forest land areas for each 500 meters

range of buffering distance from roads (Table 4-15 and Figures 4-13, 4-14).

Forest land was decreased in the range of 0 to 500 meters; the ratio was 0.842 or
48.981 km” of the forest land change decreased, indicating a high probability to change.
Followed by interval 500 to 1,000 meters; the ratio was 0.117 or 6.796 km®, indicating a
moderate probability to change. It was noted that low probabilities were observed in the
area which from the buffering distance from roads were in the range of between 1,000 to
1,500m., 1,500 to 2,000m., and 2,000 to 2,500m., that the ratio was 0.021, 0.015, and 0.003,

respectively.

Forest land was increased in the range of 0 to 500 meters; the ratio was 0.931 or
15.811 km’ of the forest land change increased, indicating a high probability to change.
Followed by interval 500 to 1,000 meters; the ratio was 0.063 or 1.069 km®, indicating a
moderate probability to change. It was noted that low probabilities were observed in the
area which from the buffering distance from roads were in the range of between 1,000 to

1,500m., and 1,500 to 2,000m., which the ratio was 0.004, and 0.001, respectively.
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Table 4-15 Relationship between factors of distance from roads and forest land change in

Huai Thap Salao watershed.

Distance to roads Forest land change decrease Forest land change increase
(Meter) Area (kmz) Ratio Area (kmz) Ratio
0-500 48.981 0.842 15.811 0.931
500-1,000 6.796 0.117 1.069 0.063
1,000-1,500 1.247 0.021 0.065 0.004
1,500-2,000 0.883 0.015 0.016 0.001
2,000-2,500 0.170 0.003 0.000 0.000
2,500-3,000 0.024 0.000 0.000 0.000
3,000-3,500 0.016 0.000 0.000 0.000
3,500-4,000 0.016 0.000 0.000 0.000
4,000-4,500 0.008 0.000 0.008 0.000
> 4,500 0.016 0.000 0.008 0.000
Total 58.158 1.000 16.978 1.000
£0.000
50,000
E 40,000
=< 30,000
o
< 20000 @ Cecreased forest land
10.000 I @ Increased forest land
0,000 I— - -
LS L PP PSSP
> . ﬁ? . o ﬂ}gg / u_ﬁ: R ;@ K ;53 ; x_}@
Distance to road (Meter)

Figure 4-14 Histogram distribution of forest land change on buffering distance from roads.




116

4.3.5 Relationship between factors of distance from villages and forest land

In relationship between factors of distance from villages and forest land, the
frequencies were determined by calculating the forest land areas for each 2,000 meters

range of buffering distance from villages (Table 4-16 and Figures 4-15, 4-16).

Forest land was decreased in the range of 0 to 2,000 meters; the ratio was 0.565 or
32.878 km” of the forest land change decreased, indicating a high probability to change.
Followed by interval 2,000 to 4,000 meters; the ratio was 0.245 or 14.232 km®, indicating a
moderate probability to change. It was noted that low probabilities were observed in the
area which from the buffering distance from villages were in the range of between 4,000 to
6,000m., 6,000 to 8,000m., and 8,000 to 10,000m., that the ratio was 0.133, 0.051, and

0.004, respectively.

Forest land was increased in the range of 0 to 2,000 meters; the ratio was 0.588 or
9.979 km” of the forest land change increased, indicating a high probability to change.
Followed by interval 2,000 to 4,000 meters; the ratio was 0.272 or 4.617 km®, indicating a
moderate probability to change. It was noted that low probabilities were observed in the
area which from the buffering distance from villages were in the range of between 4,000 to

6,000m., and 6,000 to 8,000m., which the ratio was 0.128, and 0.012, respectively.
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Table 4-16 Relationship between factors of distance to villages and forest land change in

Huai Thap Salao watershed.

Distance to villages Forest land change decrease Forest land change increase
(Meter) Area :ABJ Ratio Area :ABJ Ratio
0-2,000 32.878 0.565 9.979 0.588

2,000-4,000 14.232 0.245 4.617 0.272

4,000-6,000 7.752 0.133 2171 0.128

6,000-8,000 2.973 0.051 0.203 0.012

8,000-10,000 0.251 0.004 0.000 0.000
10,000-12,000 0.016 0.000 0.000 0.000
12,000-14,000 0.024 0.000 0.008 0.000
14,000-16,000 0.008 0.000 0.000 0.000
16,000-18,000 0.016 0.000 0.000 0.000
18,000-20,000 0.008 0.000 0.000 0.000
Total 58.158 1.000 16.978 1.000

Area(km2)

Figure 4-16 Histogram distribution of forest land change on buffering distance from villages.




119

4.3.6 Relationship between factors of mean annual precipitation and forest land

In relationship between factors of mean annual precipitation and forest land, the
frequencies were determined by calculating the forest land areas for each 50 mm. interval

of mean annual precipitation (Table 4-17 and Figures 4-17, 4-18).

Forest land was decreased in the range of 1,300 to 1,350 mm; the ratio was 0.271 or
15.763 km’ of the forest land change decreased, indicating a high probability to change.
Moderate probabilites were commonly observed in the areas which mean annual
precipitation was in the ranges between 1,100 to 1,150 mm, 1,250 to 1,300 mm, 1,400 to
1,450 mm, 1,350 to 1,400 mm, and 1,450 to 1,500 mm; the ratio was 0.165, 0.153, 0.118,
0.095 and 0.077, respectively. It was noted that low probabilities were observed in the area
which from the mean annual precipitation were in the range of less than 1,000mm, 1,150 to
1,200m., 1,250 to 1,300 m., and more than 1,500 mm, which the ratio was 0.057, 0.042,
0.023, and 0.001, respectively.

Forest land was increased in the range of 1,450 to 1,500 mm, 1,100 to 1,150 mm,
and 1,300 to 1,350 mm; the ratio was 0.379, 0.230, and 0,160, respectively; indicating a
moderate probability to change. It was noted that low probabilities were observed in the
area which from the mean annual precipitation were in the range of between 1,400 to 1,450
mm, 1,150 to 1,200 mm, 1,350 to 1,400 mm, 1,250 to 1,300 mm, less than 1,100 mm, 1,200
to 1,250 mm, and more than 1,500 mm, which the ratio was 0.064, 0.063, 0.050, 0.041,
0.038, 0.036 and 0.011, respectively.
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Table 4-17 Relationship between factors of mean annual precipitation and forest land

change in Huai Thap Salao watershed.

Mean annual Forest land change decrease Forest land change increase
precipitation (mm.) Area (kmz) Ratio Area (kmz) Ratio
<1,100 3.289 0.057 0.640 0.038
1,100-1,150 9.574 0.165 3.904 0.230
1,150-1,200 2.422 0.042 1.061 0.063
1,200-1,250 1.320 0.023 0.608 0.036
1,250-1,300 8.918 0.153 0.689 0.041
1,300-1,350 15.763 0.271 2.722 0.160
1,350-1,400 5.500 0.095 0.851 0.050
1,400-1,450 6.885 0.118 1.094 0.064
1,450-1,500 4.455 0.077 5.225 0.308
>1500 0.032 0.001 0.186 0.011
Total 58.158 1.000 16.978 1.000
18,000
16,000
14.000
12,000
10,000

8.000

Area (kmf)

6.000

! B Decreased forest land
%000 4 B Increased forest land
2.000 I I l I
0.000 | Mm E Ha | -
\? ;

Mean annual precipitation (mm.)

Figure 4-18 Histogram distribution of forest land change on mean annual precipitation.
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4.4 Factors and their relationship affecting agricultural land

Table 4-11 shows the relative importance of affecting factors to the agricultural land
in the study area. According to the stepwise procedure in the logistic regression for
agricultural land, some variables had significant values, including soil texture (ﬁ = 0.5729)
had positive effects to the agricultural land. In the other hand, it could be seen that degree
of slope (ﬁ = -0.0466), elevation (ﬁ = -0.0079), distance to roads (ﬁ = -0.0015), mean
annual precipitation (ﬁ = -0.0011), and distance to villages (ﬁ = -0.0008) had negative

effect to the probability of agricultural land to change.

The results revealed that the change of agricultural land had relationship between
the 6 affecting factors and a positive value of probability factors was explained as follows:
The most affecting factor was soil texture factor that a high influence to the forest land
changes in the area compared to the other affecting factors. As followed by degree of
slope, elevation, distance to roads, mean annual precipitation, and distance to villages,

respectively.

4.4.1 Relationship between factors of soil texture and agricultural land

In relationship between factors of soil texture and agricultural land, the frequencies
were determined by calculating the agricultural land areas for each 4 soil texture (Table 4-

18 and Figures 4-19, 4-20).

Agricultural land was decreased in the sand loam; the ratio was 0.622 or 21.846 km®
of the agricultural land change decreased, indicating a high probability to change.
Moderate probabilities were commonly observed in the areas which soil texture was in the
clay; the ratio was 0.309 or 10.839 km® of the agricultural land change decreased. It was
noted that low probabilities were observed in the area which from the soil texture were in the

clay loam and sand, which the ratio was 0.046 and 0.022.
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Agricultural land was increased in the sand loam; the ratio was 0.863 or 49.50 km®
of the agricultural land change decreased, indicating a high probability to change.
Moderate probabilities were commonly observed in the areas which soil texture was in the
clay; the ratio was 0.091 or 5.25 km® of the agricultural land change decreased. It was
noted that low probabilities were observed in the area which from the soil texture were in the

clay loam and sand, which the ratio was 0.03 and 0.016.

Table 4-18 Relationship between factors of soil texture and agricultural land change in Huai

Thap Salao watershed.

Agricultural land change decrease Agricultural land change increase
Soil texture > >
Area (km") Ratio Area (km") Ratio
Clay 10.838 0.309 5.225 0.091
Clay loam 1.628 0.046 1.701 0.030
Sand loam 21.846 0.622 49.499 0.863
Sand 0.786 0.022 0.915 0.016
Total 35.097 1.000 57.340 1.000
60.000
20.000
40.000
e
=  30.000
@ .
- 20.000 B Decreased agricultural land
Increased agncultural land
10.000 . - -
0.000 - — —
Clay Clay loam Sandloam Sand
Soil Texture

Figure 4-19 Histogram distribution of agricultural land change on soil texture.
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4.4.2 Relationship between factors of degree of slope and agricultural land

In relationship between factors of degree of slope and agricultural land, the
frequencies were determined by calculating the agricultural land areas for each 5 degree

interval of slope angle (Table 4-19 and Figures 4-21, 4-22).

Agricultural land was decreased in slope below 5%; the ratio was 0.883 or 30.999
km® of the agricultural land change decreased, indicating a high probability to change. It
was noted that low probabilities were observed in the area which from the slope were in the
range of between 5 to 10%, 10 to 15%, 15 to 20%, 20 to 25%, and 25 to 30%, that the ratio
was 0.074, 0.027, 0.011, 0.003, and 0.001, respectively.

Agricultural land was increased in slope below 5%; the ratio was 0.770 or 44.137
km® of the agricultural land change increased, indicating a high probability to change. It
was noted that low probabilities were observed in the area which from the slope were in the
range of between 5 to 10%, 10 to 15%, 15 to 20%, 20 to 25%, 25 to 30%, 30 to 35%, 35 to
40%, and more than 40%, that the ratio was 0.121, 0.054, 0.027, 0.015, 0.007, 0.004 0.002

and 0.001, respectively.
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Table 4-19 Relationship between factors of degree of slope and agricultural land change in

Huai Thap Salao watershed.

Agricultural land change decrease Agricultural land change increase
Degree of slope (%)
Area (kmz) Ratio Area (kmz) Ratio
0-5 30.999 0.883 44137 0.770
5-10 2.600 0.074 6.950 0.121
10-15 0.956 0.027 3.110 0.054
15-20 0.389 0.011 1.531 0.027
20-25 0.113 0.003 0.842 0.015
25-30 0.041 0.001 0.405 0.007
30-35 0.000 0.000 0.219 0.004
35-40 0.000 0.000 0.113 0.002
>40 0.000 0.000 0.032 0.001
Total 35.097 1.000 57.340 1.000
50,000
40,000
HE 30.000
2
o
E 20.000 @ Decreased agricultural land
B 'ncreased agncultural land
10,000
0,000 II =l = T =t

05
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Figure 4-22 Histogram distribution of agricultural land change on slope.
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4.4 .3 Relationship between factors of elevation and agricultural land

In relationship between factors of elevation and agricultural land, the frequencies
were determined by calculating the agricultural land areas for each 100 meters interval of

mean sea level (Table 4-20 and Figures 4-23, 4-24).

Agricultural land was decreased in contour interval 100 to 200 meters; the ratio was
0.690 or 24.227 km” of the agricultural land change decreased, indicating a high probability
to change. Followed by interval 0 to 100m and 200 to 300 m.; the ratio was 0.151 and 0.150,
respectively, indicating a moderate probability to change. It was noted that low probabilities
were observed in the area which from the elevation were in the range of between 300 to

400m., that the ratio was 0.009 or 0.316 km” of the agricultural land change decreased.

Agricultural land was increased in contour interval100 to 200 meters; the ratio was
0.716 or 41.059 km” of the agricultural land change increased, indicating a high probability
to change. Followed by interval 200 to 300 meters; the ratio was 0.202 or 11.575 kmz,
indicating a moderate probability to change. It was noted that low probabilities were
observed in the area which from the elevation were in the range of between 0 to 100m., 300
to 400m., 400 to 500m., and 500 to 600m., which the ratio was 0.045, 0.032, 0.004 and

0.001, respectively.



170000 1 740000

1720000

1710000

Elevation (meter)

S3000E SH00G 50000 50000 0000 S0 BAN000 [Aannnn SE00nn REOO00 AEnonn ‘rEOnnn
-; z \‘:l‘\-_! "‘-\‘_\_ ] -_H-I;#“—"- 1 - 1 : .,' ‘.._I_b'l T L 1 = 1 _ ']
I n § i | Mempios: Mae Worg | oqeng 3 7 -
3 i : el ] egen g 8 II'- \ N ':._1 Teoere Elewation
+ ‘- ' E o -...,,_.._’ "\_x: e Huai Thap Salao watershed ?E E + e W L e - ey
L _1; pEAT e -\. —-—— Amphoe boundary e Arnphow boundary - - 20
..:‘ b5 - Increased agricultural land - e em el I:I 00 - 330
i P : i e I Decreased agricuitural fand 5 Il Decreased ag icultural land = - i
tal | : - R
J b Agricultural land a It
4 : R [
T > g2 8 ] eo-m
o5 " 13 [
1 P 200500
:_' L - Bl sx-1om
ke " p3 =
= -
4 . £ E 4L =
T R 6 = =
? W
o Thag Tihan
Lif A%k £
Ty
g
1 £
’ =
£ 530000
1.007 a) b)
080
-]
5
"
2
= 0607 . . . .
2 Figure 4-23 Relationship between land use (a) and the elevation factor (b) that had
o™
o
2o negative effects to the agricultural land category (c).
E
-1
o
T
0.204 —_
N
©
c)
0.00- LI G
550 10’00 15|0C| 20‘00

1F10030 1¥20000 1F35030 1F40030

100000



130

Table 4-20 Relationship between factors of elevation and agricultural land change in Huai

Thap Salao watershed.

Agricultural land change decrease Agricultural land change increase
Elevation (meters) > 2
Area (km”) Ratio Area (km") Ratio
0-100 5.297 0.151 2.576 0.045
100-200 24.227 0.690 41.059 0.716
200-300 5.257 0.150 11.575 0.202
300-400 0.316 0.009 1.863 0.032
400-500 0.000 0.000 0.203 0.004
500-600 0.000 0.000 0.041 0.001
600-700 0.000 0.000 0.008 0.000
700-800 0.000 0.000 0.008 0.000
800-900 0.000 0.000 0.000 0.000
900-1000 0.000 0.000 0.008 0.000
1000-1100 0.000 0.000 0.000 0.000
1100-1200 0.000 0.000 0.000 0.000
1200-1300 0.000 0.000 0.000 0.000
1300-1400 0.000 0.000 0.000 0.000
1400-1500 0.000 0.000 0.000 0.000
Total 35.097 1.000 57.340 1.000
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Figure 4-24 Histogram distribution of agricultural land change on elevation.
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4.4.4 Relationship between factors of distance from roads and agricultural land

In relationship between factors of distance from roads and agricultural land, the
frequencies were determined by calculating the agricultural land areas for each 500 meters

range of buffering distance from roads (Table 4-21 and Figures 4-25, 4-26).

Agricultural land was decreased in the range of 0 to 500 meters; the ratio was 0.573
or 20.096 km’ of the agricultural land change decreased, indicating a high probability to
change. Followed by interval 500 to 1,000 meters; the ratio was 0.218 or 7.663 km®,
indicating a moderate probability to change. It was noted that low probabilities were
observed in the area which from the buffering distance from roads were in the range of
between 1,000 to 1,500m., 1,500 to 2,000m., 2,000 to 2,500m., 2,500 to 3,000m., 3,000 to
3,500m., 3,500 to 4,000m., 4,000 to 4,500m., and more than 4,500m., that the ratio was
0.113, 0.051, 0.024, 0.015, 0.004, 0.002, 0.001 and 0.000, respectively.

Agricultural land was increased in the range of 0 to 500 meters; the ratio was 0.525
or 30.075 km’ of the agricultural land change increased, indicating a high probability to
change. Followed by interval 500 to 1,000 meters; the ratio was 0.253 or 14.523 kmz,
indicating a moderate probability to change. It was noted that low probabilities were
observed in the area which from the buffering distance from roads were in the range of
between 1,000 to 1,500m., 1,500 to 2,000m., 2,000 to 2,500m., 4,000 to 4,500m., 2,500 to
3,000m., more than 4,500m., 3,000 to 3,500m., and 3,500 to 4,000m., that the ratio was
0.118, 0.046, 0.020, 0.009, 0.009, 0.007, 0.007 and 0.006, respectively.
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Table 4-21 Relationship between factors of distance from roads and agricultural land

change in Huai Thap Salao watershed.

Distance to roads Agricultural land change decrease Agricultural land change increase
(Meter) Area (kmz) Ratio Area (kmz) Ratio
0-500 20.096 0.573 30.075 0.525
500-1,000 7.663 0.218 14.523 0.253
1,00-1,500 3.953 0.113 6.747 0.118
1,500-2,000 1.774 0.051 2.649 0.046
2,000-2,500 0.842 0.024 1.150 0.020
2,500-3,000 0.510 0.015 0.502 0.009
3,000-3,500 0.146 0.004 0.389 0.007
3,500-4,000 0.065 0.002 0.365 0.006
4,000-4,500 0.041 0.001 0.405 0.007
> 4,500 0.008 0.000 0.535 0.009
Total 35.097 1.000 57.340 1.000
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a
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Figure 4-26 Histogram distribution of agricultural land change on buffering distance from

roads.
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4.4.4 Relationship between factors of mean annual precipitation and agricultural

land

In relationship between factors of mean annual precipitation and agricultural land
land, the frequencies were determined by calculating the agricultural land land areas for

each 50 mm. interval of mean annual precipitation (Table 4-22 and Figures 4-27, 4-28).

Agricultural land was decreased in the range of 1,100 to 1,150 mm; the ratio was
0.365 or 12.814 km” of the agricultural land change decreased, indicating a high probability
to change. Moderate probabilities were commonly observed in the areas which mean
annual precipitation was in the ranges between 1,300 to 1,350 mm, 1,450 to 1,500 mm, and
1,350 to 1,400 mm; the ratio was 0.158, 0.146, and 0.120 respectively. It was noted that low
probabilities were observed in the area which from the mean annual precipitation were in
the range of less than 1,000mm, 1,150 to 1,200m., 1,400 to 1,450 m., 1,250 to 1,300m.,
1,200 to 1,250m., and more than 1,500 mm, which the ratio was 0.064, 0.046, 0.063, 0.032,
0.028 and 0.005, respectively.

Agricultural land was increased in the range of 1,300 to 1,350 mm; the ratio was
0.270 or 15.455 km” of the agricultural land change decreased, indicating a high probability
to change. Moderate probabilities were commonly observed in the areas which mean
annual precipitation was in the ranges between 1,250 to 1,300 mm, 1,100 to 1,150 mm, and
1,400 to 1,450 mm; the ratio was 0.164, 0.142, and 0.122 respectively. It was noted that low
probabilities were observed in the area which from the mean annual precipitation were in
the range of between 1,350 to 1,400 mm, 1,450 to 1,500 mm, less than 1,100 mm, 1,150 to
1,200 mm, 1,200 to 1,250 mm, and more than 1,500 mm, which the ratio was 0.094, 0.078,
0.051, 0.044, 0.035, and 0.001, respectively.
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Table 4-22 Relationship between factors of mean annual precipitation and agricultural land

change in Huai Thap Salao watershed.

Mean annual Agricultural land change decrease Agricultural land change increase
precipitation (mm.) Area (kmz) Ratio Area (kmz) Ratio
<1,100 2.236 0.064 2.932 0.051
1,100-1,150 12.814 0.365 8.116 0.142
1,150-1,200 1.620 0.046 2.527 0.044
1,200-1,250 0.996 0.028 2.025 0.035
1,250-1,300 1.134 0.032 9.388 0.164
1,300-1,350 5.540 0.158 15.455 0.270
1,350-1,400 4.196 0.120 5411 0.094
1,400-1,450 1.247 0.036 6.990 0.122
1,450-1,500 5.135 0.146 4.447 0.078
>1500 0.178 0.005 0.049 0.001
Total 35.097 1.000 57.340 1.000
18.000
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14,000
12,000
g 10,000
g 8000
< 6.000 B Decreased agncultural land
4,000 I I I
I I @ Increased agricultural land
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Figure 4-28 Histogram distribution of agricultural land change on mean annual precipitation.
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4.4.5 Relationship between factors of distance from villages and agricultural land

In relationship between factors of distance from villages and agricultural land, the
frequencies were determined by calculating the agricultural land areas for each 2,000

meters range of buffering distance from villages (Table 4-23 and Figures 4-29, 4-30).

Agricultural land was decreased in the range of 0 to 2,000 meters; the ratio was
0.681 or 23.911 km” of the agricultural land change decreased, indicating a high probability
to change. It was noted that low probabilities were observed in the area which from the
buffering distance from villages were in the range of between 2,000 to 4,000 m., 4,000 to

6,000m., and 6,000 to 8,000m., that the ratio was 0.248, 0.066, and 0.005, respectively.

Agricultural land was increased in the range of 0 to 2,000 meters; the ratio was
0.577 or 33.133 km” of the agricultural land change increased, indicating a high probability
to change. Followed by interval 2,000 to 4,000 meters; the ratio was 0.235 or 13.478 km®,
indicating a moderate probability to change. It was noted that low probabilities were
observed in the area which from the buffering distance from villages were in the range of
between 4,000 to 6,000m., 6,000 to 8,000m., and 8.000 to 10,000m., which the ratio was
0.134, 0.049 and 0.004, respectively.
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Table 4-23 Relationship between factors of distance to villages and agricultural land change

in Huai Thap Salao watershed.

Distance to villages Agricultural land change decrease Agricultural land change increase
(Meter) Area (kmz) Ratio Area (kmz) Ratio
0-2,000 23.91 0.681 33.113 0.577

2,000-4,000 8.691 0.248 13.478 0.235
4,000-6,000 2.325 0.066 7.695 0.134
6,000-8,000 0.170 0.005 2.819 0.049
8,000-10,000 0.000 0.000 0.227 0.004
10,000-12,000 0.000 0.000 0.008 0.000
12,000-14,000 0.000 0.000 0.000 0.000
14,000-16,000 0.000 0.000 0.000 0.000
16,000-18,000 0.000 0.000 0.000 0.000
18,000-20,000 0.000 0.000 0.000 0.000
Total 35.097 1.000 57.340 1.000
35.000
30,000 |
25000 -
E 200000 -
@ 15000 -
% 10,000 B Decreased agncultural land
5.000 I| I B Increased agncultural land
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Figure 4-30 Histogram distribution of agricultural land change on buffering distance from

villages.
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The results of this research revealed that usability of statistical analysis by using
logistic regression to examine the relationship between affecting factors and land use
changes in study area. The results gave evidence about the influence of each affecting
factors on each land use category, the magnitude of its effect and the most influencing
affecting factors for each land use category. Regardless the limitation in data, the method
use and the results were satisfactory because they capable to reveal the relationships that
were not known before and provided new insight about land use behavior in the area, such
as the growth of agricultural land in the adjacent of roads and at a specific distance from
near roads and villages. Moreover, the combination between logistic regression and CLUE-
s framework becomes the solution for the limitation of logistic regression model where it
could only be used to predict the location of land use changes probability but it could not
be used to predict when the change would occur. Based on these reasons, logistic
regression model in this research was combined with CLUE-s framework to predict future

land use changes in the study area.

4.5 Simulating and extrapolating land use changes by the CLUE-s model for

predicting of the future scenarios

The CLUE-s model could be divided into two modules, a non-spatial demand
module and a spatially explicit allocation module (Figure 4-31). In the non-spatial demand

module the changes in land use were estimated for a series of years at the aggregate level.

The spatial allocation module had to translate the changes in demand into changes
in land use patterns. For every year of simulation a land use prediction map was created.
The allocation module needs decision rules and the results of the statistical analysis as

input, indicating the potential locations for conversion.
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Figure 4-31 The CLUE-s model structure.
(Adapted from Verburg et al., 2002)

The demand module was a totally separate module from the model. The results of

the demand module were used as input for the spatial module of the CLUE-S model.

The demand could be determined with the Marchov Chain analysis method, was
use to analyze the probability of each land use patterns The probability of moving from one
state j to another state k was called a transition probability, P, and it was given for every

ordered set of states. These probabilities could be represented in the transition matrix P.

" 12 13 P1m
P P By F,

VxP =[] P Pe Pe P [, (Equation 4-3)
Fiﬂ n2 n3 an
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Where
\/j X ij = Proportion of land use of second year
ij = f (Land use activities)
= Matrix of probability of land use changes
\/j = Proportion of land use of first year
| = Type of land use in first year
Kk = Type of land use in second year

In this study the demand was a simple trend scenario, the trend between during

1988-2007 was extrapolated to 2027

The scenarios for future land utilization were based on two considerations:

® Scenario without restriction
In this scenario, the demand was a simple trend scenario; the trend during
1988-2007 was extrapolated to the in 2027 without area restrictions.
® Scenario with reserved area
The second decision rule enables the user to protect a certain area from
change. This area restriction was used for example to prevent the model from converting

protected forest reserves into another land use category.

Scenario-based land use modeling was used in this research to understand the
phenomena of deforestation dynamic, especially related to land use changes in this
watershed. In order to understand the dynamic of land use in recent and future time, the
model would be used as a tool to link between present and future of land use condition and
the scenarios would be built to design different alternative conditions of land use. The
important thing that becomes the main purpose of this research was how to select the
relevant variables that could be used to represent the future land use and how to simulate
the scenarios of land use in Huai Thap Salao watershed by involving those relevant

variables. In order to design the plausible scenarios of deforestation area in the future, the
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most important things were the understanding of relationship between land use and the
affecting factors and the understanding of pressures that caused by those affecting factors.

In this research, two scenarios of land use changes were simulated. These
scenarios had been explained in the Chapter 2.7, including scenario without restriction and
scenario with reserved area. These scenarios were demonstrated to verify the usability of
scenario based modeling to support land use analysis in Huai Thap Salao watershed. Each

scenario and the results would be explained in the following section.

4.5.1 Scenario without restriction area (baseline scenario)

In this scenario, it was assumed that land use changes in future were the continuity
of land use changes in the past time. Land use changes in the past time had been
calculated in the land use changes section. The scenario without restriction area (baseline
scenario) does not consider land use plan or regulation. In this model, the initial land use
was land use map in 2007 created from image interpretation. The demand of land use in the
future (until the in 2027) was the continuity of the demand of land use changes during 1988-
2007 (Marchov Chain). Spatial allocation maps of Huai Thap Salao watershed could be

seen in the following Figure 4-32 and 4-33.
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Figure 4-32 Spatial allocation maps during 2007-2027 with scenario without restriction area

(baseline scenario) by CLUE-s model in Huai Thap Salao watershed.
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Figure 4-32 Spatial allocation maps during 2007-2027 with scenario without restriction area

(baseline scenario) by CLUE-s model in Huai Thap Salao watershed (continued).
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Figure 4-32 Spatial allocation maps during 2007-2027 with scenario without restriction area

(baseline scenario) by CLUE-s model in Huai Thap Salao watershed (continued).
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Figure 4-33 Graph shows trend to land use changes in Huai Thap Salao watershed during

2007-2027 (km?).

The results of the scenario without restriction area (baseline scenario) showed that
the highest rate of deforestation year 2027 would be 63% (previously 68%) of total study
area, which decreased forest land 24% per year. In addition, agricultural land would be
32% (previously 29%) of total study area, which increased forest land 0.14% per year.
Urban and built-up land would be 4% (previously 2%) of total study area, which decreased

forest land 10% per year. And water bodies would be unchanged.

The results of the CLUE-s model revealed that the trend scenario without spatial
policies and restrictions showed that the highest rate of deforestation and a low percentage
of forest cover were found in central Huai Thap Salao watershed. The dominant topography

in central of watershed was flat to gently sloping terrain with alluvial deposits, which were
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highly suitable for agriculture and development to settlement. Forest land had been
converted to agriculture and urban and built-up land in eastern of Huai Kha Khaeng wildlife

sanctuary during 2007-2027.
4.5.2 Scenario with reserved area (conservation-oriented scenario)

These indicated areas where land use changes were restricted through strict
protection measures, such as protected areas as shown in Figure 4-34. In the trend
scenario, no spatial policies were implemented, thus forest encroachment could occur in
protected areas if the location characteristics were favorable. In contrast, land-use policies
were imposed for the integrated management and conservation-oriented scenarios. Under
the latter scenarios, Huai Kha Khaeng wildlife sanctuary, which cover approximately 404.70
kmz, or 52.77% of the study area, were designated restricted areas; so that no further

encroachment was allowed in these areas and natural succession was possible.

The scenario of the simulation result with reserved area in Huai Thap Salao
watershed was presented maps as shown in Figure 4-35 that showed the spatial land use
patterns as simulated during 2007 to 2027. The results of the conservation-oriented
scenario showed that the extent and distribution patterns of the remaining forest in 2027
were relatively similar to the conditions in 2007. Similar to baseline scenarios, high
deforestation was found Ban Khao Khiao, Ban Bueng Charoen, Ban Wang Thong, Ban Huai
Plao, Ban Ang Huai Dong, Ban Pong Makha and Ban Khao Mai Nuan, Tambon Rabam,
Amphoe Lan Sak, Changwat Uthaithani. In addition, agricultural land in the villages
mentioned had been limited area on the east side of Huai Kha Khaeng wildlife sanctuary

where was prevented converting into another land use category.
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Figure 4-34 Reserved area map is prevented converting into another land use category.

Most increase in urban and built-up land would found in Amphoe Lan Sak, which
were expand to the near the villages and roads. Such the availability of adequate
infrastructure and facilities influences the development of urban built-up area in this
location. In the location, agricultural and mix vegetation were intensively converted to urban
land use. This expansion patterns was appropriate to the result of logistic regression where
the nearest from roads and villages had significant contribution to urban built-up area
change. Forest land hasn’'t been converted to urban and built-up land in eastern of Huai

Kha Khaeng wildlife sanctuary during 2007-2027.
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Figure 4-35 Spatial allocation maps during 2007-2027 with scenario reserved area

(conservation-oriented scenario) by CLUE-s model in Huai Thap Salao watershed.
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Figure 4-35 Spatial allocation maps during 2007-2027 with scenario reserved area

(conservation-oriented scenario) by CLUE-s model in Huai Thap Salao watershed (continued).
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Figure 4-35 Spatial allocation maps during 2007-2027 with scenario reserved area

(conservation-oriented scenario) by CLUE-s model in Huai Thap Salao watershed (continued).
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The results of these scenarios indicated that the combination of statistical analysis
and CLUE-s model was valuable in representing land use behavior on Huai Thap Salao
watershed and it had capacity to explain the causal factors in a complete process model.
All of the significant variables derived from logistic regression could be accommodated in
this model and used as a preference of scenario development. The only use of significant
variables in the model with known cause-effect relationship between affecting factors and
land use changes was one of advantages of CLUE-s model. By involving significant factors,
the model could avoid spurious relationship and subjective human intervention. Moreover,
in this research, the cause-effect relationship was proved by logistic regression results to

improve the understanding of underlying factors.



CHAPTER V

DISCUSSION AND CONCLUSION

5.1 Discussion

In this part, the results of the study methods as previously mentioned were
discussed in three categories. Firstly, dynamic spatial patterns of land use changes relating
deforestation processes results were proposed and discussed. Secondly, affecting factors
were caused land use changes in Huai Thap Salao watershed. Thirdly, the predicting future
land use conditions to forecast possible land use patterns based on their affecting factors
during 1988 to 2007 were discussed. Finally, conclusion and recommendation in this

research were summarized and proposed.

5.1.1 Dynamic spatial patterns of land use changes relating deforestation
processes in Huai Thap Salao watershed, Changwat Uthaithani during 1988-

2007

The majority of western area in the Huai Thap Salao watershed was a source of
abundant forest resources in Huai Kha Khaeng Wildlife Sanctuary covering an area of about
404 km® or 53 % of the study area. Even though there were control measures and
protections to reserve forest by forest officers, but it was still very sensitive to be effected
from the invasion of the upstream forest by human activities. Since the wildlife sanctuary
areas were surrounded by communities and they were strongly changed in land use and

deforestation during 1988 to 2007 by the invasion of land for agriculture and settlement.

In this research, the combination bands (R=5, G=4, B=3) of Landsat 5TM satellite
imageries in the year 1988, 1997 and 2007 with supervised classification process were
used for land use classification. The results revealed that land use categories in Huai Thap
Salao watershed were classified as 8 land use categories, namely, paddy field, field crops,

perennial crops, evergreen forest, deciduous forest, forest plantation, urban and built-up
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land, and water bodies. The total overall accuracy assessments of land use classifications

in 1988, 1997 and 2007 were 85.99%, 77.98% and 80.99%, respectively.
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Figure 5-1 In the year 1988, the geometric pattern of deforestation appeared in the most of

central areas and the diffuse pattern of deforestation appeared in the northern areas.
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Figure 5-2 In the year 1997, the geometric pattern of deforestation appeared in the most of

central areas and the diffuse pattern of deforestation appeared in the northern areas and

the western areas of Ban Bueng Charoen.
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Figure 5-3 In the year 2007, the geometric pattern of deforestation appeared in the most of
central areas and the Island pattern of deforestation appeared in the northern areas and the

western areas of Ban Bueng Charoen.

Change detections of land use in Huai Thap Salao watershed during 1988 to 2007
were analyzed using overlay technique in ArcMap GIS version 9.2. The results revealed that
the total change areas were 82.10 km® (10.71% of total change areas). The most proportion
of change areas was forest land that was decreased 41.05 km” or 50.00% of total change
areas), whereas agricultural land, urban and built-up land, and water bodies were

increasing from 1988 to 2007.
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The result revealed that during 1988 to 2007, the geometric pattern of deforestation
was appeared in the most of central areas (as shown in Figures 5-1, 5-2, and Figure 5-3).
The geometric pattern of deforestation appeared to be a unique, individual case of large-
scale clearing. It impacted the large expansion of settlements and agriculture areas causing
the invasion of the upstream forests since 1961. But the current still affected from the
invasion of the upstream forest by human activities in Ban Ang Huai Dong, Ban Pong

Makha, Ban Pong Sam Sip, and Ban Sap Sombun.

Beside, in the northern areas appeared the diffuse pattern of deforestation during
1988 to 1997 (as shown in Figures 5-1 and 5-2). The diffuse pattern of deforestation was
commonly associated with traditional and smallholder subsistence agriculture. This pattern
was also related to cases of traditional shifting cultivation and permanent cultivation by
smallholders in Ban Khao Kiao and the western areas of Ban Bueng Charoen. During 1997
to 2007, Ban Khao Kiao and the western areas of Ban Bueng Charoen appeared to change
the spatial patterns as the diffuse pattern that was changed to the island pattern of
deforestation was commonly associated with settlement areas as shown in Figure 5-3. It
was commonly associated with settlement areas, had been related here to cases of
deforestation occurring around settlements in Ban Khao Khiao and Ban Bueng Charoen,

Tambon Rabam, Amphoe Lan Sak, Changwat Uthaithani.

5.1.2 Affecting factors that caused land use changes in Huai Thap Salao

watershed, Changwat Uthaithani

From Chapter 4, the relationship affecting factors, namely, elevation, slope, mean
annual precipitation, distance to streams, distance to roads, distance to villages and sail
textures were analyzed by logistic regression analysis. The result revealed that the most of
forest land was changed to be agricultural land with an area of 53.54 km® as shown in Table

5-1.
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Table 5-1 The main parameters, with its weight of main affecting factors, were evaluated

according to their relations with each land use changes.

Land use category

Urban and built-up

Variables Forest land Agricultural land - Water bodies
_,B Ratio _,B Ratio _,B Ratio _,B Ratio
Elevation .0110 | 0.0190 .0079 0.0126 * 0 1452 0.0391
Degree of Slope .0805 | 0.1387 .0466 0.0739 2717 0.5130 1.0406 | 0.2802
Mean annual
.0023 | 0.0040 .0011 0.0018 .0167 0.0316 .0663 0.0179
precipitation
Distance to streams * 0 i 0 .0006 0.0011 .0020 0.0005
Distance to roads .0010 | 0.0018 .0015 0.0023 .0011 0.0021 .0069 0.0019
Distance to villages .0009 | 0.0016 .0008 0.0012 .0002 0.0004 .0016 0.0004
Soil texture 4846 | 0.8350 5729 0.9081 .2393 0.4518 | 2.4515 | 0.6601
Total .5804 | 1.0000 .6309 1.0000 .5296 1.0000 | 3.7141 1.0000

Table 5-1, the weight of main affecting factors, namely elevation, degree of slope,

mean annual precipitation, distance to streams, distance to roads, and distance to villages,

and soil texture were evaluated according to their relations with each land use changes in

Huai Thap Salao watershed.

In addition, figure 5-4 also showed the relative importance of affecting factors to the

forest land in the study area. The results revealed that the change of forest land had

relationship between the 6 affecting factors and a value of probability factors was explained

as follows: The most affecting factor was soil texture factor (Ratio = 0.8350) that a high

influence to the forest land changes in the area compared to the other affecting factors

followed by degree of slope, elevation, mean annual precipitation, distance to roads, and

distance to villages, respectively.
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B Mean annual precipitation
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0.0040 Distance to villages

Elevation Soil texture

0.0190

Figure 5-4 The relative importance of affecting factors to the forest land in the study area.

While the relative importance of affecting factors to the agricultural land in the study
area. The results revealed that the change of agricultural land had relationship between the
6 affecting factors and a positive value of probability factors was explained as follows: The
most affecting factor was soil texture factor (Ratio = 0.9081) that a high influence to the
forest land changes in the area compared to the other affecting factors. As followed by
degree of slope, elevation, distance to roads, mean annual precipitation, and distance to

villages, respectively (as shown Figure 5-5).

Distance to villages
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Mean annual precipitation
0.0023 . ese

Soil texture M Distance to streams

Mean annual 0.9081
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0.00138 Distance to villages

: Soil texture
Elevation

0.0126

Figure 5-5 The relative importance of affecting factors to the agricultural land in the study

area.
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The most affecting factors were the land characteristics, namely soil texture, degree
of slope, elevation and mean annual precipitation, effected the deforestation in Huai Thap
Salao watershed during 1988 to 2007. It could be explained that group unit 62 of soil
covers 54.86 percent of total area, located on mainly forest land in western of Huai Thap
Salao watershed. This group of soil is fertility soils. On the other hand, Group Unit 37 (Thap
Salao series: Tas) of soil covers 16.95 percent of total area, located on central watershed.
This group of soils is sandy loam and well-drained, moderately deep coarse-textured that
developed from weathered rocks in dry areas. They have low fertility. Agricultural expansion

and intensive farming invaded forest areas from the east to the west.

In addition, topography factors, namely degree of slope, elevation and mean annual
precipitation, affected the forest land and agricultural land. It could be explained that forest
land due to the expanded of high terrain, steep slope, and increased rainfall in the
watershed. Several western parts of deciduous forest tended to decrease because
changing to be evergreen forest. It could be found on undulating plains and ridges, low
levels of rainfall, porous, heavily eroded and leached sandy or lateritic soils of both granitic
and sandstone origin. On the other hand, agricultural land tended to expand in the areas of
low elevation (about 0-400 meters from msl.) and plain area (about 0-30 degree of slope).
The study area was appeared agricultural land such as corn, sugarcane, cassava, para
rubber, and eucalyptus in the central part of Huai Thap Salao watershed. The deforestation
in Huai Thap Salao watershed appeared in Ban Khao Khiao, Ban Bueng Charoen, Ban
Wang Thong, Ban Ang Huai Dong, Ban Pong Makha, Ban Huai Pong Sam Sip and Ban
Khao Mai Nuan, Tambon Rabam, Amphoe Lan Sak, Changwat Uthaithani. These villages

were in buffer zone as shown in Figure 5-6.
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Besides, the land use changes had relationship with social-economic factors and
accessibility. It could be explained that the nearest the distance to villages (about 0-8 km.)
and distance to roads (about 0-3.5 km.) effected transporting crops from the agricultural
land to the rural market or CBD (central business district) in Amphoe Lan Sak. In
conclusion, those main affecting factors were caused human activities that directly affect
the environment, that were proximate causes in the central and eastern parts of Huai Thap

Salao watershed (as shown in Figure 5-7).
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Figure 5-7 Agricultural expansion and intensive farming (Yellow color), urban and infrastructure

development (Red color) in the central of Huai Thap Salao watershed during 1988 to 2007.
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5.1.3 The predicting future land use conditions to forecast possible land use

patterns

From Chapter 4, the CLUE-s model was simulated from two scenarios, namely,
scenario without restriction area and scenario with reserved area in 2027. The scenario
without restriction area was revealed that the highest rate of deforestation would be 63%
(from previously 68% in 2007) and mostly in the central part of Huai Thap Salao watershed
whereas the scenario with reserved area was revealed that the mostly increased land use
category would be urban and built-up land surrounding Amphoe Lan Sak in the eastern part

of Huai Thap Salao watershed.

The result revealed that the scenario without restriction area (baseline scenario)
showed the highest rate of deforestation year 2027 which would be 63% (previously, 68% in
the year 2007) of total study area. The few forest areas were found in the central parts of
Huai Thap Salao watershed. The dominant topography in central parts of watershed
consisted of flat and gentle slope area with alluvial deposits, which were highly suitable for
agriculture and development to settlement. Forest land had been changed into agriculture

land, as well as urban and built-up land during 2007 to 2027 as shown in Figure 5-8.

Besides, scenario with reserved area (conservation-oriented scenario) revealed that
the mostly increased land use category would be urban and built-up land in Amphoe Lan
Sak, which expanded to the surrounding villages and roads. Such the availability of
infrastructure and facilities influenced the development of urban built-up area in this
location. In addition, Similar to the scenario without restriction area, high deforestation was
found Ban Khao Khiao, Ban Bueng Charoen, Ban Wang Thong, Ban Huai Plao, Ban Ang
Huai Dong, Ban Khao Hin Thoen, Ban Pong Makha and Ban Khao Mai Nuan, Ban Pong
Sam Sip, Ban Sap Sombun Tambon Rabam, Amphoe Lan Sak, Changwat Uthaithani as

shown in Figure 5-9.
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Figure 5-8 Land use changes with scenario without restriction area (baseline scenario) by

CLUE-s model of Huai Thap Salao watershed during 2007-2027.
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Figure 5-9 Land use changes with scenario reserved area (conservation-oriented scenario)

by CLUE-s model of Huai Thap Salao watershed during 2007-2027.

17-0000 -r20000 - 730000 - T4D000

- 700000



167

For this reason the CLUE-s model used to simulate the characteristics of watershed
and environmental resources management systems for a variety of planning, design and
operation applications. The simulations of the spatial-temporal patterns of land use change
in Huai Thap Salao watershed under two kinds of scenarios will form an important
foundation for the decision-making on land use planning and sustainable development.

The results from this research can be used as basic data to assist deforestation and
forest management planning. An example for the map in details that could be used to helps
planning forest management in the specific area as shown in Figure 5-10. The map showed
the occurrences of deforestation in Ban Khao Khiao, Tambon Rabam, Amphoe Lan Sak,
Changwat Uthaithani during 1988-2007. The map also showed the increasing trends of
deforestation from 1988 to 2007. In 1988, the deforestation occurred in the eastern part of
the Huai Kha Khaeng Wildlife Sanctuary, after that they moved to the eastern and southern
part of the study area in 2007. However, in 2007 most of the deforestation occurred in the
eastern part of the study area. Moreover, it could be noticed that the sizes of deforestation

change to agricultural land in each year were became larger in future in 2027.
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5.2 Conclusion

In this research, three data input, which were thematic (GIS and remote sensing)
data preparation, field investigation, and laboratory analysis were carried out to investigate
dynamic spatial patterns of land use changes and to identify driving factors that caused
land use changes during 1988-2007 in Huai Thap Salao watershed, Changwat Uthaithani.
Besides, the purpose of study was to simulate model of land use changes in current period
and extrapolate to predict the CLUE-s model of the future change in Huai Thap Salao

watershed, Changwat Uthaithani, Central Thailand.

This research used the temporal Landsat-5 TM imageries covered the Huai Thap
Salao watershed, acquired during 1988-2007, and were chosen to create the false color
composite (Bands R=5, G=4, B=3) for the land use classification system with supervised
classification process. According to the study, that Huai Thap Salao watershed were 8 land
use categories that was identified as paddy field, field crops, perennial crops, evergreen
forest, deciduous forest, forest plantation, urban and built-up land and water bodies. Field
investigations were used to test for accuracy against the land use interpretation. The total
overall accuracy assessments of land use classifications in 1988, 1997 and 2007 were

85.99%, 77.98% and 80.99%, respectively.

Change detection of land use in Huai Thap Salao watershed during 1988-2007 was
analyzed using overlay technique in ArcMap GIS version 9.2. The results revealed that the
total change area was 82.10 km” (10.71% of total change area). The most proportion of
change area was forest land (decrease 41.05 km’ or 50.00% of total change area) whereas

agricultural land, urban and built-up land and water bodies were increasing over time.

The affecting factors and associated land use changes occurrence during 1988-
2007, the relationship of land use changes and each affecting factors was analyzed for
deforestation susceptibility assessment using the logistic regression method and

deforestation susceptibility map.
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The most affecting factors were the land characteristics, namely soil texture, degree
of slope, elevation and mean annual precipitation, effected the deforestation in Huai Thap
Salao watershed during 1988 to 2007. It could be explained that the group of soils is sandy
loam and well-drained, moderately deep coarse-textured that developed from weathered
rocks in dry areas. They have low fertility. Agricultural expansion and intensive farming
invaded forest areas from the east to the west. In addition, agricultural land tended to
expand in the areas of low elevation (about 0-400 meters from msl.) and plain area (about 0-
30 degree of slope). The study area was appeared agricultural land such as corn,
sugarcane, cassava, para rubber, and eucalyptus in the central part of Huai Thap Salao
watershed. The deforestation in Huai Thap Salao watershed appeared in Ban Khao Khiao,
Ban Bueng Charoen, Ban Wang Thong, Ban Ang Huai Dong, Ban Pong Makha, Ban Huai
Pong Sam Sip and Ban Khao Mai Nuan, Tambon Rabam, Amphoe Lan Sak, Changwat
Uthaithani. These villages were in buffer zone. Besides, The land use changes had
relationship with social-economic factors and accessibility. The nearest the distance to
villages (about 0-8 km.) and distance to roads (about 0-3.5 km.) effected transporting crops
from the agricultural land to the rural market or CBD (central business district) in Amphoe
Lan Sak. In conclusion, those main affecting factors were caused human activities that
directly affect the environment, that were proximate causes in the central and eastern parts

of Huai Thap Salao watershed.

The CLUE-s model was used to link between present and future of land use
condition based on combination between empirical analysis, spatial analysis and dynamic
modeling in raster base iterative procedure and the scenarios were demonstrated to design

different alternative conditions of land use.

The result revealed that the scenario without restriction area (baseline scenario)
showed the highest rate of deforestation year 2027 which would be 63% (previously, 68% in
the year 2007) of total study area. The few forest areas were found in the central parts of

Huai Thap Salao watershed. The dominant topography in central parts of watershed
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consisted of flat and gentle slope area with alluvial deposits, which were highly suitable for
agriculture and development to settlement. Forest land had been changed into agriculture
land, and urban and built-up land during 2007 to 2027. Besides, scenario with reserved
area (conservation-oriented scenario) revealed that the mostly increased land use category
would be urban and built-up land in Amphoe Lan Sak, which expanded to the surrounding
vilages and roads. Such the availability of infrastructure and facilities influenced the
development of urban built-up area in this location. In addition, Similar to the scenario
without restriction area, high deforestation was found Ban Khao Khiao, Ban Bueng Charoen,
Ban Wang Thong, Ban Huai Plao, Ban Ang Huai Dong, Ban Khao Hin Thoen, Ban Pong
Makha and Ban Khao Mai Nuan, Ban Pong Sam Sip, Ban Sap Sombun Tambon Rabam,

Amphoe Lan Sak, Changwat Uthaithani.

Although in recent years technologies using GIS and remote sensing had greatly
increased in Thailand, many of these GIS and remote sensing applications were not fully
integrated with organization processes as well as being used to their greatest potential in
resources analysis. Success will also require the government initiative in data management
and in the integration of data flows within and between agencies. The results presented
here suggest that co-operative forest management program that monitors assesses and
reports on the long-term status, changes and trends in forest ecosystem health, based on
the new technologies, should be initiated, developed and incorporated within the regional

forest service or public sector.

The model outputs, conservation measures were recommended to minimize the
impacts of deforestation on biodiversity. The model results indicated that only establishing a
fixed percentage of forest was not efficient in conserving biodiversity. Measures aimed at
the conservation of locations with high biodiversity values, limited fragmentation, and careful
consideration of roads expansion in pristine forest areas may be more efficient to achieve

biodiversity conservation.
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5.3 Recommendation and suggestion for further studies

Although the methodology of evaluation is appropriate for this preliminary stage of
investigation in the present study area, the derivation using this methodology are based on
incomplete or unavailable information in some parameters according to the limitation of
accessibility and rarely records in the past. Their relationship affecting land use change and
predicting future land use could be substantially improved if the same methodology is
applied systematically and carefully over the entire area. Studies needed for careful

evaluation of potential should address the following questions:

1) Validation of the accuracy of a prediction model is always important, in order to
convince stakeholders and decision makers to accept the results. In this study, it was not
possible to validate the predicted land use map because land use data beyond 2009 were
not available. An absence of appropriate data for validation is a common problem in land
use modeling. The purpose of monitoring may also appear many environments in the

central of Huai Thap Salao watershed.

2) The third scenario of the CLUE-s model that was used economic factors was not
addressed in this research because the economic data was not available and too complex

to be simulated and extrapolated.

3) Integrated watershed management can be improved for more effective
implementation at regional and local levels. Scoping in Huai Thap Salao watershed can be
divided into 4 sub-watersheds for more reliable and practical in implementation using the

modified model and GIS technique as shown in Figure 5-11.



173

£IUCLL S30ULC 4UUUL 5UUUL HELUUU BFLLLU
1 ] 1 ] 1 1
s Y e Sl T | Amphoe Mae Wong 1
= g 4 : \ 1 i A y oy Amphoe (=]
= 5]
S - y ] Lat Yao 2
= Huai Song Thang sub-watershed S =
& Amphoe e e
2 [
o = ¢ Chum Ta Bong
=1 ) o 2
= s £ f=]
= ) o (=]
E - rf X ¥ f— g
= Huai Rabum sub-watershed [
T i N ") - Amphoe
1. Huai Kha Kfigeng’ A = Sawang Arom
= Wildife Sapsfuanyii = i i
’ | 7
g A . 8
g 4 o . L 8
s Huai Rang sub-watershed S
Amphoe
“ ' Thap Than
= i) / N, L]
= '1 T (=)
= s i 1=
S - S
= o . P~
& Fliag Th;v;. 42 _ iy
P S s o
i Al Stroams Jw_’, =
w E 3 ! 3
"% 22 :
# I~ [=]
= y i 4 b=}
-+ {4 e . P 4 8 2 ]
T = Akt & - = . = Kilometers =
T T T - T T T -
£20CCC £3000C 40000 550000 HECO00 H7CCC0

Figure 5-11 Four sub-watersheds for integrated watershed management can be improved

for more effective implementation for further studies.

4) Protected area should be defined clearly to prevent intrusion into invasion in the
Huai Kha Khaeng Wildlife Sanctuary. In addition, the area should be more protected from
the Royal Forestry Department of Thailand. For examples, it should be recommended that
the corridor or the legal boundary of Huai Kha Khaeng Wildlife Sanctuary must be
implemented to prevent the protected area from invasion, and the changed monitoring
should be continuously undertaken to ensure that the protected area will be maintained. In
particular, the “agricultural and settlement agreement” for the corridor area should be
strongly enforced in Huai Kha Khaeng Wildlife Sanctuary. Besides, more efforts for
sustainable understanding and public participations should be conducted to upgrade the
more effective of the corridor. It is essential that the rural communities, adjacent to buffer
zone beside the corridor around Huai Kha Khaeng Wildlife Sanctuary, who should
exclusively use the area following the above agreement as primarily proposed as shown in

Figure 5-12.
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Figure 5-12 Thematic map for the decision-making on land use planning and sustainable

development in buffer zone, Huai Thap Salao watershed, Changwat Uthai Thani.

In Figure 5-12, the buffer zone was approximately proposed to be wide 5 km.

depending on topographical conditions and the agreements between the surrounding
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villages and the Royal Forestry Department of Thailand. In the near future, the develop eco-
system sustainable management guidelines should be further conducted for the more
complex situations. However, this study also primarily proposed three land use zonings (as
shown in Figure 5-12) for management of vegetation, wildlife, socio-economic condition and

recreation in the study area as follows:

Zone 1 : Preservation area — Huai Kha Khaeng Wildlife Sanctuary

Zone 2 : Conservation and recreation area — buffer zone from the legal boundary of Huai
Kha Khaeng Wildlife Sanctuary 2 km. for forest conservation and forest plantation, but do
not allow the settlement and deforestation.

Zone 3 : Controlled utilization and development area - buffer zone from Zone 2 as 2 10 5
km. for commercial plantation and allowed to settlement, but must be strongly regulated by

laws and agreements.

Guidelines should be further studied and prepared for each zone with the intention
of assisting each protected areas to prepare operational management plans based on the

zoning scheme in the future.
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GIS database illustrating locations of the field investigation

(Sample locations referred to Figure 3-5, 3-6, 3-7 and 3-8)

Elevation Error Land use
No. East North Location Description
(meter) (meter) | Ly Name English Name Thai
1 549151 1720275 151 U300 Institutional a0t FnseadnsLns Finnseednamedausiuaih suneau
dausnuaIztin dndaningiiunnil
2 543874 1723393 176 9 F301 Teak plantation Audn fiuflaedny 1adn
3 543895 1723094 175 3 A407 Mango Aruuzaing fiuilaasny gaunzing Iumnadnam i ugan e
udie
4 542509 1723569 160 4 | A204 | Cassava Tfudnlzvas fiuilaedny liudndenas majtinilaasy
5 544200 | 1722145 153 5 | M200 | Wetland uiga fflasiny vonguaeslunihuga. dszaaluggimain
ilesamitvion, Wyuﬁﬂn'qwnuu?mmmmmq
i
6 544508 | 1722072 160 3 | M200 | Wetland g gasziln sy anuAzdu uasrugaedng
7 544941 1721551 145 3 F300 Forest plantation gt geszin fhwdlassy Anfuaaidwiuinlszuaindn, dnguaunie
nanedntigeiLaa
8 538983 | 1730463 253 4 | MO0 | Miscellaneous land o fiuandiun st dfiandeg, Smadefndiievens
i
9 538928 | 1730597 245 4 | A204 | Cassava lidudnlevas fianden nfinelumiiulgniudilzuds dalne uas
sassauenan(nasndliiifsiilang luituii)
10 538067 1730664 223 9 | A204 | Cassava Tidudnlevas fianden lidudnienas asundoe
11 552731 1716683 156 4 F303 Eucalyptus plantation augAdlsia NU.42 NNVNRNANNLLAT augAdlsia
3438
12 541357 1723680 170 9 F300 Forest plantation anuth nu.9 nedinaminm Fudinevasnuudlugaun @ lifmatinulg
ugdndiineaude deelomlls) a0 lifudndonds
13 540664 1724538 172 5 F202 Dry dipterocarp forest | 1ln6ia54 wpinugandiding wwariulnih nae waaulnlgn, lnndaman
audia 1139 fraan
14 538329 1725190 159 6 F202 Dry dipterocarp forest FIRIGRRN waFnWugaRgtian wwarilith na5 aaaunlgn, Uk uazdhe
audia Thiu
15 535591 1725615 193 6 F202 Dry dipterocarp forest FIRIGAEN wninuiugandition JIRIGAES
audia
16 534312 1725606 168 5 | UB00 | Recreation area anuTndeu wpFniugandidion AuRBATD WASNERUTAR RN tihauds
neiaula audie
17 534203 1725599 164 3 | UBOO | Recreation area anuiiinHeu wainsRuganditian aznnuuaaudinndioeiuiaan wainwWugdng
neiawla anudia thtingaudis
18 534106 1725648 173 4 | UBOO | Recreation area anuTndaU wpinRugangidian ayasalanu du wnziatios
neiawla audia
19 533893 1725562 182 5 | U600 | Recreation area aoTvinde wn¥nEwuganditan Thwin AU wasatios, Fuiihoviiea
neiawla audia
20 533895 1725707 194 5 | U600 | Recreation area AnuiiinEen wn¥nwuganditian AnEATEuiaLiLLEan
neiawla audia
21 524134 1726036 206 8 | U600 | Recreation area aouRvinday wn¥newuganditian aunuAuianineRugandisauds
neiawla audia
22 548901 1719113 168 8 F300 Forest plantation aqutl anutlserin Aautlsetin
23 548900 1718745 161 10 F300 Forest plantation anutl auhviugan-fiaaman auhasuiEan-finaaanane
Al
24 548883 1718167 146 5 | A100 | Paddy field wdng wdng
25 548801 1717577 146 4 | A202 Corn 134nTwa dznudinudiaaviuigan 154nTwa
26 548401 1718506 155 7 F300 | Forestplantation gauth aouthiiuiaan-fiazmaen gauthilgnéiugn fuaan
Al
27 547921 1719464 149 5 U300 Institutional A0ufismT Augnafiviyiugan hnsumalszniu
28 547911 1719154 157 3 | M200 | Wetland it grafutiniuaan e @eednd
29 548750 1717017 137 5 | A204 | Cassava lidudnlevds finumesiadny lidudndemasuazuniina(iugiowmuas
anasnnf33 Ugnli7siufunanda i) nieia
nzduan, lideufiunziueen
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Elevation Error Land use
No. East North Location Description
(meter) (meter) Lv.lil Name English Name Thai
30 548775 1716086 144 7 | A204 | Cassava lidudnlevds finumnesiasny Pewilagaamitivudwlgumunasiasy weso
T maniaan azuun e lslgnifuddsus
31 547949 1716132 157 4 uoo Urban and built-up uflagendt grafuiniuiaan thu fiugatiaen
land anetineng
32 547807 1715680 160 10 F300 Forest plantation aquth thguguandiumdniy g fiumdnll nesaliidawaniaan
ATLLLN
33 548146 1715524 160 7 F203 Sugarcane (ELT] finuseang v 3¥0e ElpRunaaniuman waslitu
wanlw fnilemaa
34 548596 1715041 152 5 | A307 | Bamboo Aol fiugnetiaans indiu Aol
wanln
35 548777 1714205 163 7 | A204 | Cassava lidudnlevas fiugnetionns indiu lidudnlevas
widntw
36 548656 1713681 173 6 | A204 Cassava hTud)zmas uneszndnatinugadioaae-tiultazan
37 548293 1713346 200 9 F300 Forest plantation anuth thauauhlanzen thauaultlaueen dszniatlat 9daman2543
38 547653 | 1712752 188 10 | A204 | Cassava lidudnlevas fiulilanzdn w7 lidudnlevas
39 547319 | 1711812 199 8 | A204 | Cassava lidudnvas fiulilanzn nf7 fhulthuzAdsuonaiivmdnn Ugnldtu
LRIETY
40 548360 1711607 179 7 | A204 | Cassava lidudnlevas finlilanzen wy7 Wunasswdnatillasan- i lidu
Alenas wazlsduzen uthguaulthazen
uthidestnsu
41 549372 1710316 174 6 A205 Pineapple Tsdurlesm fiwanfiuiu lsdurlesm
42 548483 1710200 182 6 | A204 | Cassava litudnulznas fianfiudin litudnznas
43 548751 1709484 184 6 A204 Cassava ssudntlznaa TinuanAiuiu FufidnziunnAelsiudlzmas uazsinufia
nzfuaanaelidilzan
44 548570 1708778 177 7| A302 Para rubber AIUENINIT finlihan@u w3 AN ARFLLN
45 549165 | 1708273 175 6 | A204 | Cassava liudntlznds finulthanndu wis lisudnlzugs
46 548388 1707749 174 10 A302 Para rubber AIULINI9Y fiullaandu w3 AN FARN
47 547530 1707129 199 9 | A204 | Cassava liudnulznas fiullaandu w3 dgnifudiendd
48 547298 1706279 199 5 F202 Dry dipterocarp forest FIGIGAEN fiullaandu w3 ARBIENSS qeannf7 Untiaeuda 40Tnuda
wnenlgnaznnn 10T uanlgnanle szung @
Fylitan
49 547403 1708119 192 6 | A204 | Cassava iudnlzvas finuan i Tsfudnlzvas dutlese
50 549724 1707620 170 6 | A204 | Cassava Tsudnlzvas unnaszuanetinultle Tsudnlzvas
ANAu-Tininmiles
51 551099 1708220 162 5 A204 Cassava I3sudntlznds fiupTar(raedldiang) I3sudntlznds
w15
52 552025 1708047 176 4 A205 Pineapple Tsdulesm fiuATeaaasliane) daane lsdutlzan
w15
53 551436 | 1706824 169 6 | A204 | Cassava lisudnlzugs fiunineauyang w12 lisudnlzugs
54 550434 1707180 181 5 A205 Pineapple T3dutlesn fiunindanysad w12 Tsdulesm
55 552565 1710264 144 10 uoo Urban and built-up Huftagarde fiunineauysnd w12
land
56 553651 1710924 127 5 uoo Urban and built-up *ﬁuﬁaq‘mﬁﬂ fiuiszug w1 guautiiuzung
land
57 552643 1711792 124 5 A100 Paddy field wdinn Tiutiaesa Aznudinudinas thutine s undindsutinas
58 555147 1710989 116 4 | A100 | Paddy field wding firiuzug wit wdeiiald uedauiujadeednduasls
Sael
59 556762 | 1710500 15 3 uoo Urban and builtup fuiatand fihunmiles guautinmiies
land
60 556981 1709702 12 5 uoo Urban and built-up fuatendt azwdinadiseviuiaan guauiilnwiies
land fimnmiles
61 556543 1709360 112 8 | A202 | Comn e S e
62 564338 1704707 108 5 | A204 | Cassava lidudndevas wndlesdt FunzfuandgniudnlsvdeRanndiesdn da

nziuaantlgndn
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Elevation Error Land use
No. East North Location Description
(meter) (meter) Lv.lil Name English Name Thai
63 564626 1706315 106 4 | A202 | Com 134naTwa ndiasde 134Twa aonfldreninsiuungann aunsalaudn
64 564240 | 1706757 107 5 uoo Urban and built-up uflagende Seiuilanansing Trdtuiianansdaf widiede Auateuney
land
65 562981 1707876 110 3 uoo Urban and built-up Wuﬁ'ﬂ%‘mﬁﬂ fihuandiasde Arnudinutiaesiuigan MavavaneLa3438
land fandiasde
66 560136 1708848 11 5 | A100 | Paddy field Wi S lsihen Wi
67 558034 1709893 17 7 uoo Urban and built-up uflagendt guneaudn uauaudn
land
68 553548 1714968 139 7 F303 Eucalyptus plantation avugAdlsia fiueneany avugAalsia
69 553189 1714390 130 8 F303 Eucalyptus plantation avugAalsia fiueneanu gaugaalsa, aaudnalnauazifudizvas
70 552858 1714365 130 4 A204 Cassava Tsfudnlzvgs fiueneen axnudinadineniuigan fuensans-titisaie
71 552342 1713237 137 6 | A202 Com (e finutinai s twadufimmile lsdudnlendednuiials
72 551751 1712602 147 7 | A204 | Cassava lidudnilsvas fidiaesa lidudnlevds
73 551227 1711080 151 7 | A204 | Cassava lidudnlsuds fitlepane lidudnlevds
74 551010 1710912 144 7 | A204 | Cassava lidudnlends fiduiu lidudndevas uazlidulzen
75 553502 1712315 128 4 | A204 | Cassava idudndsvas fidana lidudnlevds
76 553392 1712750 124 6 | A204 | Cassava ThTudnlzvas fideine ThTudlzuaadiniall 8o tnesufiamile
77 554407 1714649 136 6 | A202 | Com 13naTwa STl 34 Tna SumananaukuRuaNgaa3438
78 555311 1714310 140 7 A100 Paddy field i finunasinga wdnafuianzueanideamile Tsudrlznds
ualstoafnuiianzdunnidea s
79 556258 | 1711824 132 4 uoo Urban and builtup Tuatendn St uenfinuwasingle dgnéiudnaesdnans
land
80 556934 | 1710418 124 6 uoo Urban and built-up Aufiagende fulnmiles guautinmiles
land
81 556447 1710150 121 8 uoo Urban and builtup Wuetande fiuthniniles Fathninilas
land
82 555706 1709297 134 4 W00 Water bodies et AUt gnafivin
83 558030 1707985 129 5 | A204 | Cassava lisiudnlonas fiuanin litudndzndsuasondianedng
84 560422 1709299 15 3 uoo Urban and built-up *i‘wyuﬁmgfmﬁﬂ gnaaudn ouumiimAunagneandn dgnsiudnassdng
land nuu
85 560257 1709872 108 3 | A100 | Paddy field i 21nea1udn winadnfimile Rumlgnifudsvdedniia
1
86 560555 1711107 114 5 A204 Cassava Tiudnlevas fiuamszniade TiTudlznas aounzaing
87 561268 1712128 115 7 F203 Sugarcane 1380n fuawssnnede liten Auganddialaaseu
88 561350 1710291 13 5 | W200 | Builtupwater s fgtai fiunnan anafutintinvan Tassnisquingogniia
resources
89 562886 1708296 109 6 F203 Sugarcane (EL 1] fiudantieng w11 Istesinlreuiudnlouas
AuadszaEiu
90 563439 1708284 108 4 | W100 | Natural water bodies UMASTNBITNTA fimdautihang w11 axnudinuiinadiasde
Auatszaiiu
91 563911 1708058 107 5 A100 Paddy field wndinn fimdaiihang w11 i uazaawl fudantihena
AuadszaEiu
92 565755 | 1706825 102 7| A202 | Com e filsegiu Tntwasiawile densednsiuwluaens
ufia
93 567847 1706592 100 5 A100 Paddy field wdinn fihunzata wdig, d19Twa
94 569379 1705946 95 5 A100 Paddy field wdinn fihuncata wdinn
95 570098 1705799 94 6 | U300 | Institutional anufisane finumzase MinsesAnsEmsdauAUaLszgEiu E1ine
audndandngiei
96 571423 1706144 93 6 Uoo Urban and built-up fuatendt fimtlan VNIUANTULN 91,4003
land
97 572566 1705889 90 6 uoo Urban and built-up Wuﬁﬂ%ﬂﬁﬁﬂ finyineneyen gugutiuineatlon
land
98 574122 1706274 87 4 | A202 | Comn Bdnne fwineneteu Tnine
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Elevation Error Land use
No. East North Location Description
(meter) (meter) | Ly Name English Name Thai
99 578377 | 1705263 79 4 uoo Urban and built-up uflagende fiiazan guautiingzey
land
100 577500 1704407 80 6 uoo Urban and built-up uflagendt fihwinazen
land
101 576576 1703855 80 4 | A202 | Com dnne ANDITALlTZNL dnne
102 576692 1703540 80 3 W00 Water bodies Nunumaain thesiuigan (flednasn flafneaninviuiaan dudhasniuy Tnansu
i) Tadseniu
103 575596 1704271 88 5 | A204 | Cassava lisudnlzugs fiudinasn lisudnlzugs
104 575299 1704588 86 5 A100 Paddy field wdng fiufinann Ui E"uw"ﬂmmww:ﬂqn
105 575139 1705276 88 6 F303 Eucalyptus plantation faugARURE fiudanaeng gaugadUAaA ARz AN uazlifudzuas
FufiAnziuean
106 574995 1706066 87 3 | M502 | Laterite pit abandoned ﬂa@.ﬂ”ﬁvﬁw fihuimesn degnis Ansgaaaugnislunes uazdaui
m?ﬂi”uﬁuuﬁimmiﬂqmqmﬁﬂﬁm
107 570551 1705571 91 6 uoo Urban and built-up ﬁuﬁa@mﬁa fitlen azwudadineriviann thuhan-tnuwfu
land uns fnnsinmmeasteiiaaniuaniiernig
et
108 570253 1704957 97 4 A201 Mixed field crops erlanian Tt Aunag ﬁw‘?‘;ﬂzgﬁﬁq anuuzaind waziudnilenas
109 568424 1704563 94 6 uoo Urban and built-up *ﬁuﬁﬂfgmﬁﬂ fiautjarg danfuuaetinugeehs Ugnaudnianiaan
land NNNLLAU3438
110 566574 1705550 95 6 F203 Sugarcane (ELGT] fiufianansing dgnlsten uaziudnlemas
11 565811 1705959 96 5 | A100 | Paddy field i fiulinuanaind guautindananiiag dgninn
12 570751 1703941 91 4 | A204 | Cassava litudnlznas fihudsenziRewiy Fulgnifudilovds iansanati
113 573917 1704354 78 5 A100 Paddy field wdinn fiuanananes wding
14 576581 1702886 72 5 uoo Urban and built-up Muflegjeande fiwiuiaan (eadszn) | gquautiugadssmu nddheiuaaifiannses
land ﬁwu@ﬂaiw%éwm@uuﬂq andineviuiaan
an
115 576710 1703484 71 4 W00 Water bodies Aununaaia Thuiuiaan (satlsznw) flaranvasaiiaeiuiaan dnesiuigan
ﬁﬁuﬂ*@qiwééﬁmwum
N
116 577398 1708072 72 4 | A100 Paddy field wding fiwantias f1uaen wding
NI19N8Y B1NAULBIAN
17 577305 1701712 73 3 | A100 | Paddyfield wdng finuanties Auain wdafaanies thgurwanies

NANNEI BUNAUUBIAN




192

Photographs illustrating locations of the field investigation

(Sample locations referred to Figure 3-5, 3-6, 3-7 and 3-8)
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Logistic regression result as inputs in CLUE-s model

Setting of logistic regression results in CLUE-s model

Format Description
0,1,2,3 Number code for each land use type
ﬂo Constant of regression equation for land use type
1,2,3, ... Number of explanatory factors in the regression equation for that land use type.

BB

B

On each line the beta coefficients for the explanatory factors and the number

code of the explanatory factors.

Format of logistic regression results in CLUE-s based (alloc1.reg file) in the table above:

I alloc1 - Notepad E”E'E'

File Edit Farmat

View Help

Q

-2.3420

o0ied4 0
00337 1
-0.0029 2
-0.0005 3
00007 4
00007 S

-0. 7367

-0.0104 0
-0.0345 1
00026 2
00005 3
-0.0011 4
-0.0005 5
-0.5606 &

§.5380

-0.1523 1
-0.00s2 2
-0.0002 5
-0.2418 6

-34 2834

-0.0563 0
-1.0035 1
00316 2
00033 4
-0.0005 S
-1.9460 &

> The beta coefficients for forest land

The beta coefficients for agricultural land

The beta coefficients for urban and built-up land

The beta coefficients for water bodies
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Parameter settings for all of variables in the CLUE-s model

Main file

& main - Notepad
File Edit Format Wiew Help

FEX

4

1 @
@
- @
497 e
613 °

0.81 ‘

521937.005938625
1698614.11358194
0123

0101092089 0

0011
2007 2027 @
0
1
0
15

Line Format Description

1 Integer Number of land use types

2 Integer Number of regions

3 Integer Maximum  number  of  Independent
variables in a regression equation

4 Integer Total number of driving factors

B) Integer Number of rows

6 Integer Number of columns

7 Float Cell area (ha) of the grid cells

8 Float X-coordinate of the lower left corner

9 Float Y-coordinate of the lower left corner

10 Integer Number coding of the land use types

11 Float Codes for conversion elasticities

12 Float Iteration variables for output

13 Integer Start and end year of simulation

14 Integer Number and coding of explanatory factors
that change every year/dynamic driving
factors

15 1,0, 2 0or2 | Output/input file — ArcView (1)

16 0,1,0or2 | Region specific regression choice, no
different regressions for different regions
)

17 0,1,0r2 Initialization of land use history, A random
number will be assigned to all pixels to
represent the number of years that the
current land use is already found at that
location according to the standard seed for
the random number generator

18 0,1,or2 Neighborhood calculation choice-optional

19 Integer Location specific preference addition-

optional




Available land use type and driving factor files
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File name Description
Cov1_0.0 Forest land
Cov1_1.0 Agricultural land
Cov1_2.0 Urban and built-up land
Cov1_3.0 Water bodies
Sc1gr0.fil Elevation
Sc1gri fil Degree of Slope
Sc1gr2.fil Mean annual precipitation
Sc1gra3.fil Distance to stream
Sc1gr4. fil Distance to road
Sc1grb.fil Distance to village

Sc1gr6.fil

Soil texture
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