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ABSTRACT

The purposes of this research were to study the accuracy of the Geographic Information System
software in identifying potential for development of limestone resources. The GIS was checked for
validity by utilizing public support to gather corresponding data from the field. The first step in the
research was to identify potential environmental impact factors in limestone resource development using
the GIS. The second step was to study the Analytic Hierarchy Process model by applying the pairwise
comparison method with the GIS. The final step was sending local administrators to gather data from the
targeted areas for comparison, in order to promote an appropriate and efficient usage of resources leading
to basic sustainable resource management.

The results of the research encompassed environmental impact factors, questionnaire, data
collection, and data analysis. A comparative importance matrix of the eight factors was created from a
summary of the data and expert opinion. Pairwise comparison matrix was subsequently computed to
reduce the data dimension and to highlight the relative importance of each affecting factor prior to weight
extraction. The highest weight was the type of mineral concession (0.188), next was watershed and water
(0.170), tourism site and heritage (0.152), transportation (0.130), land use (0.107), forest use (0.106), slope
(0.087) and community area (0.061), respectively. The AHP model was applied using GIS processing.

This research showed that the most appropriate areas for development measured 354.58 km? or
33.52% of the total area. Most of the areas are located at Rangbua sub-district of Jombung district in
Ratchaburi province or in the central area of the Ratchaburi province. And due to the public participation
study by AIC process at Rangbua Sub-district Administrative Organization, the results show that the local
administrator supports limestone resource development in the potential areas to realize actual

development.

KEY WORDS: LIMESTONE RESOURCE / GIS / AHP MODEL / PAIRWISE
COMPARISON METHOD / PATICIPATION
122 P. ISBN 974-04-6870-5
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CHAPTER |

INTRODUCTION

1.1 State of the Problem

Thai people have learned to use geological resources for a long time but it
seems that they just recognize about their depletion recently. Because of geological
resources are an un-renewable resource, they can not be able to regenerated or reused.
So, they become an invaluable resource. In addition, during the time of industrial
development as this decade, geological resource especially limestone, are demanded
increasingly for construction (1). So, it is no doubt that geological resources,
especially mineral, are the valuable resources for developing country. Therefore, they

play a crucial role to the infrastructure development of Thailand.

Limestone minerals tend to be needed increasingly in the industrial section
(Table 1.1) because they can be implemented in varieties of forms such as cement
industrial, decoration, industrial processes etc. Logically, those lead to limestone
mines expansion. So, if there is no suitable management, it would cause effect to the
surrounding resources such as soil, water, forest or geology resource. Therefore, there

must have strategy to control limestone resource usage.

Table 1.1 Limestone mineral used in Thailand since 1997-2002

Type of Limestone Mineral Used

Years The cement industrial The decorative mine The industrial mine Ect.
Quantity Value Quantity Value Quantity Value Quantity Value
1997 55,076,038 4,681.5 656 13 22,278,577 1,559.5 3,354,848 285.2
1998 36,206,167 3,077.5 176 0.4 16,500,173 1,155.0 822,364 69.9
1999 48,910,768 4,157.4 70 0.1 32,397,964 2,267.8 1,060,149 90.1
2000 42,246,576 3,590.9 278 0.6 33,896,314 2,372.7 1,343,150 114.2
2001 45,519,058 3,869.1 3,323 6.6 36,672,795 2,567.1 1,895,901 161.2
2002 47,887,511 4,070.4 530 1.1 49,725,487 3,480.8 2,262,087 192.3

Source: Department of Primary Industries and Mines, 2003
Remark Quantity: metricton
Value: million (Bahts)
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To promote limestone resource control usage, the factors which affect the
limestone must be identified first, since presently there is no regulation to enforce
about limestone resource usage in Thailand. Therefore, they are caused of natural
resource degradation, For example, a utilization of geological resource in preserved
forest leads to an encroachment. That may lead to more serious problem. The resource
classification is an effective tool to determine land use activities in the area.

In accordance of these reasons, the limestone resources in the study could be
divided into 3 levels i.e. Level 1 Preserved Area, Level 2 Conserved Area and Level 3
Developed Area. This classification aims to prevent and control the effect which
caused by an unsuitable usage of limestone resource. The effect of limestone mining
can be forecasted by mean of pairwise comparison method which was developed in
the context of Analytic Hierarchy Process (AHP), this method facilitate a degree of
factor importance. After that, the factors were inputted to the Geographic Information
System (GIS).

Ratchaburi province was selected as the study area because it has a number of
limestone resources scattered around the area. Also, many areas have been mined for
a long time. If there are still no any regulation the crisis would be occurred in forth

coming.

1.2 Objectives of the study

1.2.1 To study effected factors for identifying limestone resource status.

1.2.2 To study AHP model by applying pairwise comparison method with

Geographic Information System for identifying limestone resource status.

1.2.3 To apply a public participation to the developed area containing

limestone resources.
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1.3 Scope of the study

1.3.1 Scope of the study area

Ratchaburi province is used as the study site. It occupies an area of 5,164.16
square kilometers located 100 kilometers from Bangkok along Phetchakasem
Highway or 80 kilometers along the Highway No0.35 (the Thon Buri-Pak Tho
Highway).

Ratchaburi is administratively divided into ten districts: Muang Ratchaburi,
Photharam, Damnoen Saduak, Pak Tho, Chom Bung, Bang Phae, Wat Phleng,
Suan Phung, Ban Pong and Bang Ka (35).
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1.3.2 Scope of the methodology

This research is both the action research and applied research for solving
problems natural resource and environment. It helps promoting suitable usage of
limestone resource and supporting natural resource conservation. This thesis attempts
to use decision making process by applying the pairwise comparison method of AHP
model, a formal multi-criteria assessment. The criteria was acquired from the experts
who working at the Natural Resource and Environmental Department. This
information was integrated with GIS for planning natural resource issues by locating a
potential site to identify limestone resource status for development. After that, it was
validated by applying public participation in sub-district administrative organization

member level to assure the correctness of the results.

1.4 Conceptual framework

Main conceptual in this research would deal with the Analytic Hierarchy
Process (AHP) for analyzing effective factor of limestone mining apply into
Geographic Information System and participation of stakeholder in order to identify
the limestone resource status, which is level of suitable area for development.
Afterward, guidelines for suitable development in both of use and maintain

environmental quality.
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Factor Analysis Physical Resource
- Slope
- Stream
AHP Model
Social Resource

Watershed Class Area
Geographic Information - Community area

- Land Use

- Mineral Concession
System: GIS - Tourism Site and Heritage
- Transportation

Biological Resource
- Forest Use

1
1
1

i

on Process

Identify the Limestone [{rarticipa
Resource Status

Stakeholder

Figure 1.2: Conceptual framework of the study

1.5 Benefits of the study

1.5.1 Priority of factors that affected an identification of limestone resource

status.
1.5.2 An integration of GIS and AHP to identify limestone resource status.

1.5.3 Public participation to identify limestone resource status for

development.
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1.6 Definition of term

1.6.1 Limestone Status is defined as the level of potential of limestone

resource area.

1.6.2 AHP Model (Analytic Hierarchy Process) is defined as a mathematical
model that using pairwise comparisons method to define priority of each factor.

1.6.3 Participation is defined as a method that gathering participation by
using process called Appreciation Influence Control (AIC).

1.6.4 Stakeholder is defined as people who are the member of Sub-district

Administrative Organization located insight limestone resource area.
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CHAPTER I

LITERATURE REVIEWS

2.1 Introduction to the limestone resource

Limestone mineral is a sedimentary rock composed mostly of the mineral
calcite (CaCOs), usually precipitated in shallow sea water through the actions of
organisms. It constitutes approximately 10 percent of the sedimentary rocks exposed
on the earth’s surface (4). Limestone may be precipitated directly as a solid rock in the
core of a reef by corals and encrusting algae. Such a rock would have a crystalline
texture and would contain the fossil remains of organisms still in growth position.
It forms either by direct crystallization from water (usually seawater) or by

accumulation of shell and shell fragments.

In the first case, it carries a record of the chemical composition of seawater and
it provides evidence of how that composition has changed with time. In the second
case, limestone provides a record of the evolution of many important fossils.
Limestone rocks are frequently riddled with caves. Limestone is an important building

stone and is used to make cement and concrete (3).

All limestone forms from the precipitation of calcium carbonate from water.
Calcium carbonate leaves solutions in many ways and each way produces a different
kind of limestone. All the different ways can be classified into two major groups:

either with or without the aid of a living organism.

2.1.1 Definition of limestone

Limestone is a general term embracing carbonate rocks or fossils; it is
composed primarily of calcium carbonate or combinations of calcium and magnesium
carbonate with varying amounts of impurities, the most common of which are silica

and alumina (5).
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2.1.2 Limestone resource uses

Limestone is an important building stone in many parts of the world. It is
normally quarried from surface outcrops. That is a very strong rock and is often cut
into large blocks and used in the construction of buildings and skyscrapers. Crushed

limestone is also used to make cement, plaster, chalk, etc (5).

2.2 Environmental Factor for Geology Classification

The criterion of geological classification is essential condition that opportunely

to identify the limestone resource status in each area (2).

2.2.1 Watershed Classification

Watershed Classification is essential condition usage for criterion of geological
classification, because since 1985 and 1986 the Government Committee declared to
pass a resolution in classified watershed area in Thailand (18). They are listed as
follows:

1) Watershed Class 1: The class should be particularly preserved as
watershed because the area, when changed leads to tremendous effects on the
environment. Class 1 is divided into two sub-watersheds a follow:

Class 1A is the watershed consisting of plentiful forests.

Class 1B is the watershed which its forests destroyed, or changed for
development or other ways on land using.

2) Watershed Class 2: The area is allowed to be used in timber industry
and mining under restrictive control. Agricultural activities should also be avoided.

3) Watershed Class 3: The area is for timber industry, farming and other
activities which has to be under restrictive controls.

4) Watershed Class 4: All activities are permitted in this area.
Nevertheless, agriculture is restricted to be done on the slope of no more than 28% and
has to be planned by using the land and water conservation principles.

5) Watershed Class 5: All activities are permitted. For Class 1A and 1B
consisting of limestone, marble and granite, and approved of the environmental effect
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report before the area is classed according to the cabinet resolution, it is to use 1AM
and 1BM in accordance.

2.2.2 Land Use

Existing Land Use is criteria for identify situation at the present moment about
area management system. That types of land use including household settlement,
agricultural area, Forest area, Irrigation area, Water body area, Urban and construction
area and Miscellaneous (19). These activities have impacts on the natural resource
abundance including forest resources, water resources and land resources. Therefore
geological classification is once activity to concern the natural resource. And in order
to solve the problems so land use criterion is essential condition usage to consider.

2.2.3 Geology Potential

Geology resources were exhausting natural resource. There were distributing
around area of country. So geology planning for use mineral resource terms with
precision and common understanding and to compare resource data effectively in
Thailand, there is a need to develop standardized, definitive, broadly applicable
principles for classification to derive uniform (20). Long-term public and commercial
planning must be based on the probability of discovering new deposits, on developing
economic extraction processes for currently unworkable deposits, and on knowing

which resources are immediately available (21).

2.2.4 Forest Area

Forest used to criteria of geology classification. In order to consider boundary
of protected forest area: the national park and the wildlife sanctuary are essential
condition. Because this area forced under the law specific protect to forest replete that
biodiversity and ecology resource (22). Then geology classification must consider

criteria of forest area for suitable usage.

2.2.5 Heritage Site
Area through survey and record was archeology source by The Fine Arts

Department. Another was not record, but important for conservation (23). This takes
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the risk of activities by geology development. Therefore should create buffer zone

from such area.

2.2.6 Distant between social and Geology Site

Geology site set up nearly social, that should be considered for essential
condition usage to consider. Because of the effect to population health and
environment was direct impact (24). Therefore geology development should create
buffer zone around community area and procure environmental monitoring, in order to

known impact level from mining.

2.3 Application of Analytic Hierarchy Process (AHP) in Decision Support System

Analytic Hierarchy Process (AHP) is a multi-criteria decision-making
approach introduced by Saaty (26). The AHP is a decision support tool, which can be
used to solve complex decision problems. It uses a multilevel hierarchical structure of
objectives, criteria, sub criteria and alternatives. The Analytic Hierarchy Process is
applied to a variety of practical applications including Equipment Replacement

Decision, Investment Decisions and other Engineering applications.

Traditional management science decision models fail to include addressing
uncertainty, dealing with multiple criteria decisions and recognizing the importance of
quantitative as well as qualitative variables. Further, the traditional decision models do
not provide the decision maker with the ability to use his/her subjective assessments in
deriving values for qualitative variables. Finally, the ability to conduct sensitivity
analysis and incorporate new information on a real time basis are inherently missing
with traditional decision models. Hence, the need to simultaneously incorporate
quantitative, qualitative and subjective estimates to guide decisions necessitates a

dynamic decision model using Analytic Hierarchy Process (AHP).
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2.3.1 Definition of Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is a multi criteria decision making tool
that allows the simultaneous consideration of not only financial but also non-financial
yet quantifiable and qualitative, intangible criteria. According to Saaty AHP
methodology is based on the principles of decomposition, comparative judgments and
synthesis of priorities. Decomposition structures the problem according to its main
components: focus, set of criteria for evaluation, and the decision alternatives.
Comparative judgments are required for pairwise comparison of criteria and
investment alternatives so as to derive the criteria weights and relative priorities of
investment alternatives. Finally the priorities of alternatives and the criteria for
weights are synthesized into an overall rating based on which the best alternative is
decided (26).

Analytic hirarchy process (AHP) is a mathematical and systematic approach to
organize and prioritize requirements. It sets mathematical measurements to facilitate
thinking process and decision making. It intends to resolve problems quantitatively. It
is basically a decision making methods with pairwise comparisons which assesses the
degree with which a particular alternative satisfies a specific criterion. One way of
determining this degree of satisfaction is based on the analytic hierarchy process
where the information is derived from pairwise comparison of alternatives on a ratio
scale. The analytic hierarchy process has been applied successfully in many fields, as

well as requirements engineering (27).

2.3.2 Structure of the Decision Problem
Applying AHP to a decision-making problem involves four fundamental steps
(28):
1) Model Specification
Feasible investment alternatives are specified first followed by the
determination of criteria for the evaluation of alternatives. These criteria are further
grouped into logical categories.
2) Pairwise Comparison of categories and criteria
The relative importance of criteria within each category and of each

category within the group of categories is established through pairwise comparisons
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using a square matrix structure. The values of importance are taken from Saaty’s 1-9
scale. For n number of criteria an n x n square matrix is formed. Hence n (n-1) / 2
judgments are to be made on the importance of criteria which is done with the aid of
Saaty’ s scale. Now the matrix entries are divided by corresponding column totals to
obtain the normalized matrix. The total number of entries in that row divides the total
of each of the rows having the normalized entries to attain the criteria weight.

3) Weighting of Investment Alternatives

Every investment alternative is rated with respect to every investment
criterion in the evaluation model. Pairwise comparison is applied to obtain weighting
for qualitative data. If quantitative data’s are available then the weighting is done by
existing or estimated performance data.

4) Investment Rankings

Finally weighting of the alternative are combined with the weighting of
the criteria to form an overall rating for each investment alternative. The alternative
with the highest weighting is ranked the best choice, taking into account the relative
importance of each criterion and the relative desirability of the alternatives with

respect to each criterion.

AHP emphasizes on team decision-making thereby getting members of
different departments involved in decision-making. The involvement of different
departments with in-depth knowledge on technical, strategic and economic issues
makes sure that all the important criteria are included in the weighting of different
alternatives. The application of AHP ranges from investment risk to resource
allocation and organization planning in fields, such as economics, politics, marketing,
and management. Although the principles underlying AHP for decision support have
been the subject of extensive debate, AHP has several advantages including ease of
use and over-specification of judgment, built-in consistency tests, use of appropriate
measurement scales. Therefore this research would deal with the application of AHP
in building Decision Support System. Because of AHP can be used to determine the
relative weights among decision elements for GIS-based Suitability and Routing
models. In its many other applications AHP is used to select the best single alternative
that best matches decision criteria (decision-making models).
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2.4 Theories and Concepts of Geographic Information System (GIS)

Geographic information system (GIS) technology can be used for scientific
investigations, resource management, and development planning. For example, a GIS
might allow emergency planners to easily calculate emergency response times in the

event of a natural disaster.

2.4.1 Definition of Geography Information System

A GIS is 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 (6) according to these criteria, may
be summarized as having the following characteristics (7):

1) Geographic: The system is concerned with data relating to geographic
scale of measurement, and which are referenced by some coordinate system to
locations on the surface of the earth. Other types of information system may contain
details about location, but here spatial objects and their locations and the very building
blocks of the system.

2) Information: It is possible to use the system to ask questions of the
geographic database, obtaining information about the geographic world. This
represents the extraction of specific and meaningful information from a diverse
collection of data, and is only possible because of the way in which the data are
organized into a ‘model’ of the real world.

3) System: This is the environment which allows data to be managed and
questions to be posed. In the most general sense, a GIS need not be automated, but
should be an integrated set if procedures for the input, storage, manipulation and
output of geographic information. Such a system is most readily achieved by

automated means, and our concern here will be specifically with automated systems.

From the definition above, we are able to conclude the meaning of GIS. The
GIS is the Database Management System (DBMS) of the geo-reference data system
that used for manipulated and transformed spatial data into the useful information. The
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most information is representing in map pattern that generate the alternative for

decision making.

2.4.2 GIS and Decision Support

The ultimate aim of GIS is to provide support for making spatial decisions. The
GIS capabilities for supporting spatial decisions can be analyzed in the context of the
decision making process. That any decision-making process can be structured into
three major phases (8):

1) Intelligence: Any decision-making process begins with recognition of
the decision problem. A spatial decision problem is the difference between the desired
and existing state of a real-world geographical system. Consequently intelligence
phase involves searching or scanning the decision environment for conditions calling
for decisions. During raw data for clues that may identify opportunities. The data
acquisition, storage, retrieval and management function convert the real-world
decision situation into the GIS database. This involves assumptions underlying a
particular decision problem.

2) Design: This phase involves inventing, developing and analyzing a set
of possible solution to problem identified in the intelligence phase; typically a formal
model is used to support a decision maker in determining the set of alternative.
A model is a simplified representation or abstraction of reality, because it is too
complex to copy exactly and because much of the complexity is actually irrelevant to
the specific problem. In the spatial decision-making context, model is a representation
of the irrelevant aspects of the decision in the GIS database and model base systems.

3) Choice: At this phase each alternative is evaluated and analyzed in
relation to others in terms of a specified decision rule. The rule is used to rank the
alternatives under consideration. The rank depends on the decision maker’s

preferences.

Most GIS have very limited capabilities for integrating geographical
information and the decision maker’s preferences. It is suggested that the integration
of multicriteria decision analysis and a GIS provides a platform for incorporating
preference into GIS procedure.
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2.4.3 Theories of Spatial Modeling
The spatial modeling is the most popular GIS data analytical process. The GIS

spatial model is divided into 3 categories (9):

1) Cartographic Model

The cartographic model is represents the information on the mapping
format of the study area. The objective is to make a plan and decide on the spatial
problem.

2) Simulation Model

The simulation model is used to find a suitable area for an interested
activity by considering the relative factors. The several relative factor analysis can be
call “Multi Criteria Evaluation (MCE)” and can be divided into 2 types of the
following.

2.1 Exclusionary Model

The Exclusionary model determines the factor by the researcher without
indexing the factor’s values. For example, the evaluating suitable areas for plant
location, the determined factors are located 1 Km. away from the road, 500 m away
from river, 5 Km. away from community, 1 Km. away from coast, the slope is less
than 20 percent and non forest area. By the way of GIS analysis, the area can be
classified into two types that they are the suitable and unsuitable area for plant
establishment. The advantage of this model is a simple and fast evaluation.
The disadvantage is an inflexibility and easy to bias.

2.2 Weight Model

The weight model analyzes data by using the factor based on its level of
importance and researcher’s criteria. Because this model analyzes the factors from
different sources and the factors have the different level of importance and
measurement unit, it is necessary to have the weighting value for the factors. To make
the result more reliable, the trustworthy weight value has to be sorted by the specialists
from many fields relating to the problem. The weighting value of the factor from the
specialists will be used to get the average weighting value of each factor. The
advantage of weighted model is more flexibility than the others and has various results
on the difference condition. However, the disadvantage of this model is the complex

process and consumes more time than the other way.
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The MCE mostly used the overlay technique for combining the coverage
of all relative factors. This technique uses the rule of multiple regressions. The usage

equation is mostly in the following pattern.

S = 2ZWX or
S = W1 X1 + WX, + W3Xs +... WiX,

When : S = the total weighting score of the study area
W; =  the weighting value of factor i in the each coverage
Xi =  theindexing value of factor i in the each coverage
N = the total number of the coverage

3) Predictive Model

The predictive model is the usage of the statistical technique to create the
relative equation of all the factors and the equation will be used to forecast the spatial
phenomenon in the future. The first step is to collect the details of related factors. The
second step is to find the relationship of all factors and then create the predictive
equations. The next step is to use the sequence of the predictive equations to establish
the predictive model by statistical technique. The last step is to test and calibrate the
predictive model with the fact on the past to make it a practical model. For example,
the model is predicting the run off water over the basin on the pine forest when the ice

IS melting in the sun.

In this research, The GIS will be applied to identify the limestone resource
status. The Multi-criteria evaluation (MCE) using weighted modeling is selected to be
an analytical process. The specialists from related fields evaluated the weighting
values for all coverage. The overlay technique is used to integrate the weighted factors
of all coverage. The model will give the various results on the different condition, the
decision maker will be able to prepare the most appropriate solution under the

different situation.
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2.5 Concepts and Philosophy of Participation

2.5.1 Concepts of participation

The development emphasized growth of economics is a pattern of capitalism
economic. From the development only a small group of people get enormous
advantage, but almost people in countryside were abandon. It summarized that the
rapid growth of industry especially urban area excluded local people in countryside
will not successful on problem of poverty. Therefore, concept of development of
participation to convince everybody give attention and adjust strategy to be permanent
development in long term. The participation of local people on development is to work
closely between government and local people and to development their ability to be

more confident and earned by themselves (10).

2.5.2 Definition of participation

Erwin William (11) said that the participation was a process that the population
had taken parts in the operating process, sharing thoughts, making decision, solving
self problem, sharing creative, knowledge and expertise, combined with use of right

technology and supporting tasks of concerned parties and their officers

White Alastair T. (12) said that the participation consists of 3 dimensions as
follows: Dimension 1 is participation in making a decision what to do and how to do.
Dimension 2 is to donate for development and performance as decision making.
Dimension 3 is to sharing benefit obtained from performance. The other additional
dimension for participation we should consider is to evaluate performance we have

done.

The National Research Council of Thailand (13) has expressed the meaning of
participation as the improvement of the capability of people or community to manage
and control utilization, distribution of resources and manufacturing factor in which
exist in the society. Participation is a mean to improve awareness and local
intelligence expressing in forms of decision making about the living style of its own

community.
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2.5.3 Rule and Development of Participation
Prirat Techarin referred in People (16) summarized the rules and developments
of participation are as belows:

1) Problems and demand of local people which be started point of
activity have to take time to stimulate interesting of local people try to learn,
understand and accept that activity is necessary and benefit.

2) Group a activities for powerfulness, good relationship among the
members and teach them the attitude and behavior to think of public benefit more than
personal benefit.

3) Development of community’s activity should consider local people
ability. Trying to make their feeling that activity is belong to them and sustainable in
long term.

4) Developing Activity should be related to the environment and
cooperation of local people including community resources using and concerned with
customs, traditional and culture of community.

5) Starting activity or project has to be based on leadership and selected
leader such as respected person, religion leader, head of a village, committee of a
village and others. The leader of community can adapt his visibility, concede new
thing and be a person who local people respect and faith. So, starting with those
mentioned persons should be faster than a general person.

6) To process step by step has to ask local people to participate first step
that is gathering information, finding cause, solving problems, making decision,

planning, implementation, monitoring and evaluation.

2.5.4 Pattern and Process of Participation
There are many pattern of participation which are up to type of the project of
development and volunteer of participator as follows:

Jermsak Pinthong (14) Summarized that the participation of local people can
be categoriaed into four stages as follows:
1) Participation in problem and rational of problem.
2) Participation in planning of implementation plan.

3) Participation in investment and implementation action
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4) Participation in monitoring and evaluation

World Health Organization (WHO) referred in Pensri Rattana (15) summarized
patterns of participation process in four stages:

1) Planning: People must participation in analyzing problems, setting
priority and target, identifying resource utilization, monitoring and evaluation method,
and also decision making.

2) Implementation: People must participation in management of
resource, responsibility, financial control and administration.

3) Utilization: People must be able to implement activity for creation
benefits and improving self reliance and social control.

4) Obtaining Benefits: People must obtain distribution of benefits from
community base on mutual basis. These benefits can be in forms of personal benefits

or material.

Several technical have differently and similarly defined the concept of the
participation. Therefore, the researcher can summarize that the participation is the
process which people, the private sector and government local administrative
organization have cooperated in developing, thinking, deciding, planning, operating
and solving their own problems. Such as the participation may be directly expressed
by people, government or local organization. There are numerous techniques people to
work together, the preferred technique is that the AIC process as it is a way of
encouraging members of the organization to learning about the activities that would

encourage working and developing together.

2.5.5 AIC Process of the Participial Technique

The AIC process that technique used in village meetings to brainstorm was
gradually adopted in Thailand since B.E.2533. Then from B.E.2535 onwards, the
Research Institute for the Development of Thailand joined with the Association of the
Public and Community Development, the Training Division of the Rural Development
Department also adopted the AIC process and improvised on it. This was practiced
when there was a need for brainstorming in the development at the village and
sub-district levels (17).



Sutida Piamviriyawong Literature Reviews /20

The AIC process is a new theory and management method for development. It
incorporates a learning and interaction process through actual practice (Interaction,
learning through action) through love and value (Appreciate) amongst one another
thus resulting in a creative power (Empowerment Approach), enough to create
changes—taking consideration of the social dimensions, feelings, science and
management. Shows how to bring together creativity that gives rise to the
brainstorming of ideas in the setting of the direction for development, the creativity
that lies in individuals, groups of people, community organizations and society and
more important, that which will be beneficial to the community’s society (25).
These are:

1) The Power of love and deep understanding (Appreciation) is having
love, compassion, caring, friendliness, appreciating values, knowing and
understanding what is around us.

2) Power of thought and interaction (Influence) uses initiatives,
creativity, analysis (segmenting), synergy (bringing together), thinking together and
sharing, interacting along with respect and honor for one another.

3) Power of trying and management control (Control) is having the
determination to be responsible for the tasks which one is accountable for so that runs

smoothly and successfully.

The AIC process is a method that allows people to use their full potential.
Therefore, this process will lead to decisions on solving problems that everyone agrees

and problems will be gradually rectified.

2.6 Related Research

C. Makropoulos, D. Butler and C. Maksimovic (29) study GIS supported
evaluation of source control applicability in urban areas. This study, using the multi-
parameter handling capabilities of a geographical information system (GIS), aims to
provide a methodological approach to source control implementation, taking into
account both theoretical concepts and spatial characteristics of the implementation

site. This is achieved by the creation of suitability maps for source control
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implementation using GIS and semihypothetical data from a case study catchment.
The existing drainage system and the receiving canals were introduced in the GIS,
together with a digital terrain model, land use information and information on soil
characteristics, connectivity to the system, and groundwater levels. Suitability maps
were produced based on theoretical criteria set created for the purposes of this
research. The results indicate that GIS has a significant potential as a tool for site
specific source control implementation, analysis and quantification, not only due to its
inherent spatial information handling capabilities, but also due to its human

readability.

Pichaya Rachdawong and Sunee Apawootichai (30) study Development of
criterion weights for preliminary site selection: a pilot project of Supanburi industrial
estate. Six factors with attribute values namely, elevation, slope gradient, distance
from water bodies, soil properties, distance from roads, and distance from
communities factors, were identified and quantified to create the criterion weights
framework for preliminary industrial estate site selection. A relative or comparative
importance matrix of the six factors was created from the summarized data from
twenty-four expert surveys. Pairwise comparison matrix was later computed to reduce
the data dimension from fifteen by nine to six by six and to highlight the relative
importance of each factor prior to the weight extraction. The highest weight extracted
was the distance to water bodies, which emphasized the importance of natural features
perceived by the experts. The weights were later input into map layers for site
selection. This study highlighted the importance of necessary steps required to create
weights for GIS application. Important steps that could be followed by others were
criteria selection, questionnaire design, data collection, and data analysis. Care must
be exercised to ensure the adequacy of quantities and quality of the survey made as
well as of the data analysis protocol. Differences in site locations, selected factors, and

types of industries to be situated must also be addressed in any applications.
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Jyrki Kangas et al. (31) study improving the quality of landscape ecological
forest planning by utilising advanced decision-support tools. The landscape ecological
approach is finding increasing application in practical forest planning, especially in
boreal forestry. Unfortunately, gaps in the available ecological knowledge, and the
inefficiency of the planning methods and tools used often lead to vague planning
processes. In many cases, only methods originally developed for wood-production
planning are still applied, and planning advances (e.g. multi-objective optimisation,
Geographical Information Systems (GIS) tools, and modeling expert knowledge) are
under-utilised. In this study, heuristic multi-objective optimisation, GIS operations,
pairwise comparisons techniques, and Bayesian analysis are applied in an integrated
planning process. Efficient forest plan alternatives are generated for further
consideration by utilising heuristic optimization and GIS. Given the multi-objective
choice situation, the plans generated are holistically evaluated by means of multiple

decision-support tools and techniques.

Norarat Boonkanpai (32) studies of carbonate rock resource potential for
industrial use. This study is to determine the potential for industrial uses and estimate
the reserves of carbonate rock in Mae tha district, Lampang Province. Geological data
collected from field work and landuse investigations were displayed on a map overlay
and used for analysis with chemical analysis, restrictions, score factors and importance
factors in order to set priority of the potential areas and assess the reserves. The result
from analysis can be use the best for involved organization to manage and decrease
environmental problem such as the use of carbonate rock resource in non suitable
industries or in higher priority area before. It can also be used as main data for

government officers to determine the permission for concessions in applied areas.

Choengchai Kraikhong (33) study decision support system for mineral
resources management case study Ratchaburi Province. This research was to create a
decision system for provincial mineral resources officers to suit management activities
under control. The system is a tool to check if provisional mining lease areas are
within areas authorized by laws and regulations, i.e. the Forest Act, National Park Act,

Forest Act, Mineral Act, Wildlife Preservation and Protection Act, The Promulgate of
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Department of Mineral Resource and the Promulgate of Mineral Industry. Also, it
provides a mineral production database of any of any active mines and it can generate

summaries of individual mineral production as well.

Wudhikarn Sukserm (34) studies a decision support system for evaluating the
potential of permain carbonate rock resources case study Ratchaburi Province. This is
developed by end-users using computers and application programs as a tool to search
for potential mining area. The developed system will then be capable of interactive
response to end-users. Such as the carbonate rock reserve in the potential resource was
calculated under restriction by the Forest Act, National Pack Act, Forest Reserve Act,
Mineral Act, Wildlife Preservation and Protection Act, The Promulgate of the
Department of Mineral Resources and the Promulgate of the Ministry of Industry. As a
result, three possible potential areas are expected as follows: (1) An accessible area to
be developed legally, (2) B-buffer area or that is under legal consideration and (3) C-
conservative area, or area that is prohibited. The three mentioned areas contain
carbonate reserve in the amount of 816.31, 423.06 and 1,367.79 million metric ton
respectively. This research suggests that the development decision support system

should be used in future to identify potential mining area.
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CHAPTER Il

RESEARCH METHODOLOGY

This study was involved many kind of researches referred to the
characteristics. Each step was used different kind of research. It contained four

different steps as depicted in figure 3.1

Stepl: Documentary research was used to review related factors that affect

limestone resource. It was operated by studying related researches.

Step2: The study then used quantitative research to cooperate with government

participation and private participation by using questionnaires to justify significant

level of each factor.

Step3: An Applied Research was operated by applying the pairwise

comparison method with GIS to identify the limestone resource status.

Step4: The result from previous step was evaluated by public participation by

mean of AIC process to assure an analysis process. This was termed as quality

research.

I. To study and collect an effective 1. To study the government
factorin limestone resource status participation process in limestone
identification resource status identification
I)Review the related factor in 1) Questionnaire designation
limestone resource status identification — 2) Scope and standardize criterion
2) Identify effective factors for data 3) Providing questionnaire to the sample
analysis and population

4) The statistical analysis

IV. To study the public participation by I11. To identify the limestone resource
AIC process status by applying decision support
1) Appreciation technique with GIS .
2) Influence technique <;> 1) Model conﬁgur.anon
3) Control technique 2) Overlay .analys1s

3) Result display

Figure 3.1: The application of Geographic Information System and participation

to identify the limestone resource status for development.
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3.1 Tools and equipment

The research is devised into the Geographic Information System (GIS)
application that concerning about spatial data and attributes data. The following

equipments are required

3.1.1 Hardware

1) Personal Computer (PC)
- CPU Intel Pentium IV 2.8 GHz
- RAM 1.5 Ghz.
- Harddisk 200 Gb.
- VGA Gard 128 Mb.

2) Printer

3) Global Positioning System (GPS) device

3.1.2 Software
1) GIS software: ArcView version 3.3
: ArcGIS version 9.0
2) Statistical software: SPSS version 11.0
3) Microsoft Windows XP
4) Microsoft office 2003

3.1.3 GIS Data
Spatial and Attribute Characteristics (35)
1) Theme 1: Political Boundary
2) Theme 3: Topography DTM and Aspect
3) Theme 4: Water and Water Quality
4) Theme 5: Geology and Mining
5) Theme 7: Forest and Forestry
6) Theme 8: Land Use
7) Theme 9: Tourism Site Natural and Cultural Heritage
8) Theme 10: Infrastructure and Public Facility
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Table 3.1 Spatial and Attribute data for GIS

Theme Selected Factor Feature Class Data Source Modify

1 Community area Polygon National Statistical Office 2538

Department of Environment

3 Slope Polygon Quality Promotion 2545
Office of The National
4 Watershed Class Area Polygon Resource and Environmental 2545
Policy and Planning
Surface Water Line LD artmept of Env1r.0nment 2545
Quality Promotion
/ . Department of Primary
3 Type of Mineral Concession Polygon Industries and Mines 2547
i/ Forest Use Polygon Royal Forest Department 2545
8 Land Use Type Polygon  Land Development Department 2545
; ) . . The Fine Arts Department and
9 Tourism Site and Heritage Point AR uthiority of Thailand 2541
10 Transportation Line Department of Highway 2545

3.1.4 Topographic map: Topographic map of Ratchaburi Province of
Department of Topological Military at scale 1:50,000 for field survey and adjusting

Spatial and Attribute information.

3.1.5 Questionnaire: Questionnaire for government agent and stakeholder

such as private individual organization or independent organization.

3.1.6 Attitude evaluation documentary: Document designed for public

participation in AIC process.
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3.2 Methodology

3.2.1 To study and collect an effective factor in limestone resource status
identification
1) Review the related factor in limestone resource status identification
In this step, the factors for limestone resource identification status were
reviewed from related document and research to find out the related factor such as
physical factors, biological factors, socio-economical factors, related laws and
policies.

2) Identify effective factors for data analysis
After reviewing documents, the study then was acquired a number of

effective factors from the related study. After that, the factors were determined by the
official justification to figure out the effective factors so that those factors were used
for questionnaire design to gauge about a significant of each factor that effect to the

limestone resources.

3.2.2 To study the government participation process in limestone resource
status identification
1) Questionnaire design
The questionnaire was designed into four parts:
1.1 Interviewee information was designed to measure about general
background of the interviewee such as gender, age, education, and occupation.
1.2 GIS background of interviewee was designed to measure about how
well the interviewee has an experience on GIS.
1.3 GIS knowledge test was designed to test about knowledge and ability
of interviewee on GIS.
1.4 Weighting justification was designed to gauging level of significant
of each factor.
2) Scope and standardize criterion
To measure level of the importance of factors, the standard was declared
to set up universal scale of importance. There were nine levels due to the method of

pairwise comparison which considering relative preferences for two factors as ranging
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from extremely less important (1/9), very strongly less important (1/7), strongly less
important (1/5), moderately less important (1/3), equally important (1), moderately
more important (3), strongly more important (5), very strongly more important (7),
and extremely more important (9).

3) Providing questionnaire to the sample and population of group

The populations concerned in the study were government officials who
are take responsible directly to the national resources management which is the
officials of department of Natural Resources and Environment. It was also considered
other related government department that involve to the limestone resource indirectly
such as Department of Mineral Resource, Department of Groundwater Resources,
Royal Forest Department, Office of The National Resource and Environmental Policy
and Planning, Pollution Control Department, Land Development Department and
Development of Primary Industries and Mines.

The sampling technique is stratified random sampling. The questionnaires
were provided to GIS expert agents, GIS instructor of the Department of Geography
(Government University). They were sent to nineteen universities. The total
questionnaires were forty-six sampling unit.

4) The statistical analysis

The information that gathered by the questionnaire were interpreted by
statistical analysis. They were analyzed by inputting to SPSS. Then the operations
related to descriptive statistics were calculated including Frequency, Percentage,
Arithmetic Means and Standard Deviation. That information indicated about
Interviewee information, GIS background of interviewee, GIS knowledge of

interviewee.

3.2.3 To identify the limestone resource status by applying decision
support with Geographic Information System
The importance which effects the limestone resource status identification was

analyzed as follows:
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1) Model configuration

1.1 Weighting value analysis

In this step, every system in the study is given a different score,
allowing for a weighting system and the table of scores can be adjusted to reflect the
judgment of an expert in the domain of the application under consideration.

Checklist of factors, Cost Benefit Analysis in limestone resource using
and the environmental and natural resource effect from stakeholder opinion was
studied and then analyze with pairwise comparison method. This method involves
pairwise comparisons to create a ratio matrix. It takes as an input the pairwise
comparisons and produces the relative weights as output. Specifically, the weights are
determined by normalizing the eigenvector associated with the maximum eigenvalue
of the ratio matrix. As this research requires assessing the relative importance of the
eight factors: community area, slope, water resources, type of mineral concession,
forest use, land use, heritage and transportation by pairwise comparison method. The
procedure consists of three major steps as follows:

- Comparative importance of factors

The method employs an underlying scale with nine-point comparative
importance scale from extremely less important (1/9), very strongly less important
(1/7), strongly less important (1/5), moderately less important (1/3), equally important
(1), moderately more important (3), strongly more important (5), very strongly more
important (7), and extremely more important (9). The numbers in the parentheses were
discrete values numerically assigned to indicate the degree of relative importance for
factors.

- Computation of the weight factor

This step involves the following operations: (a) sum the values in each
column of pairwise comparison matrix, (b) divide each element in the matrix by its
column total (the resulting matrix is referred to as the normalized pairwise comparison
matrix) and (c) compute the average of the elements in each row of the normalize
matrix, that is divide the sum of normalize scores for each row by eight. (The number
of factor) The average provides an estimate of the relative weight of the factor being
compared. Using the method, the weight and interpreted as the average of all possible

way of comparing the factor.
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- Estimation of the consistency ratio

In this step can determine if our comparisons are consistent. It involves
the following operations determine the weighted sum vector by multiplying the weight
for the first factor times the first column of the original pairwise comparison matrix.
Then multiply the second weight times the second column and the last factor times the
last column of the original matrix. Finally, sum these values over the rows and
determine the consistency vector by dividing the weight sum vector by the factor

weight determined previously.

A = (Wf]_x |1) + (sz X |2) + (Wf3>< |3) T (an X In)

n

Figure 3.2: Mathematical formula for calculate the average importance value (1).

where; Wi = Weighting value of factor
I = Importance Value of original comparison
n . number of factor

The calculate of CI is based on the observation that A is always greater
than or equal to the number of factor under consideration (n) for positive, reciprocal
matrixes, and A = n if the pairwise comparison matrix is a consistent matrix.
Accordingly, A - n can be considered as a measure of the degree of inconsistency.

This measure can be normalized as follows:

Cl = A-n

Figure 3.3: Mathematical formula for calculate the Consistency Index (CI).

The CI term, referred to as the Consistency Index, provides a measure
of departure from consistency. Further, calculate the Consistency Ratio (CR), which is

defined as follows:
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cR = cl
RI

Figure 3.4: Mathematical formula for calculate the Consistency Ratio (CR).

Where RI is the random index, the consistency index of a randomly
generated pairwise comparison matrix. It can be shown that RI depends on the number
of element being compared as follows in Table 3.1. The consistency ratio (CR) is
designed in such a way that if CR < 0.10, the ratio indicates a reasonable level of
consistency in the pairwise comparison; if it, however, CR > 0.10, the values of the
ratio are indicative of inconsistent judgments. In such cases one should reconsider and

revise the original values in the pairwise comparison matrix (8).

Table 3.2 Random Inconsistency Indices (RI) forn=1-10

Number of factor RI
1 0.00
p. 0.00
3 0.58
4 0.90
%) 1.12
6 1.24
7 1.32
8 1.41
9 1.45
10 1.49

Source: Satty referred in Jacek Malczewski (8)

1.2 Ratting value determination
Ratting value determination (R) was operated follow by Department of
mineral resource regulation basing on an environmental effect of mineral utilization

(12). The scale of measurement was shown as follows:
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3 indicates an area that totally unsuitable for industrial development
because of that development may cause of severe effect to environment also breaking
the laws.

2 indicate an area that less suitable for industrial development
because of that development may cause of high effect to environment.

1 indicates an area that moderate suitable for industrial development
.An area have some limitation when developing. Effects from development are
controllable.

0 indicates an area that most suitable for development because there
are not any effect that harm an environments.

1.3 Calculate value of mathematic model

The weighting score and rating score from the previous step were then
calculated to identify the suitability of limestone development in each area .The

calculation are

SLA = (Wi x Rut) + (Wh X Rep) +...+ (Win X Rfn)

Figure 3.5: Mathematical formula of Suitable of Limestone Area model

Where; * SLA

Suitable of Limestone Area

Ws = Weighting value of factor
R¢ = Ratting value of factor
n = number of factor

2) Overlay Analysis

The overlay analysis was operated to integrate a significant of the
factors together. In doing this, each factor i.e. community area, slope, water resources,
type of mineral sanction, forest resources, land use characteristics, heritage and
transportation which was seen as layer was overlaid each other to generate map of
suitability for mineral development. However, before the overlay process, there was

encompassed the following steps.

* SLA: defined as an identified mathematical formula that used to evaluate a potential ‘of each limestone resource area.

It is an integration of three analysis i.e. factor analysis, pairwise comparison method and AHP Model.
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First, field was generated to store weighting and rating score. Then, the
calculation of SLA model was performed as shown in Figure 3.5 to calculate the score
of total suitability of limestone development of the study area. After that, the
suitability score was stratified into three classes indicating different level of suitability

by equation as shown in Figure 3.6. The study divides the suitability into three levels.

Class interval = maximum score — minimum score

number of class interval

Figure 3.6: Mathematical formulas for stratifying level of suitability

Where;

- Level 11s an area that totally unsuitable for industrial development
cause of procuring severe effect. The area was termed as “Preserved area”.

- Level 21s an area that suitable for industrial development moderately
Industrial development was possible under awareness. The area was termed as
“Conserved area”.

- Level 3is an area that most suitable for development because of
producing less environmental effect. The area was termed as “Developed area”.

3) Result display

The results of analysis were displayed spatially to facilitate user
discernment. They were composted as maps provided the followings information

3.1 Map of Contemplative Factor

- Map of effected factors

- Map of status factors

3.2 Map of Results

- Map of SLA level

- Map of identify limestone resource status

3.2.4 To study the public participation by AIC process
This step was involved qualitative research. According to the map of suitability

generated from the previous step was only influenced by government sector that
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proposed significant factors for processing, the aim of this step was to promote public
participation. In this step, the AIC process was implemented to assure the correctness
of the results. In other word; it was used to guarantee that the area was really suitable

in local perspective. The step of public participation was shown in Figure 3.7.

Preparation (Input) Procedure Evaluation Output

- Designing the method - Providing - Observation of - Public opinion for
using the AIC knowledge about learning behavior developed area to
approach limestone usage limestone

- Contact with target resource for resource
participants (from GIS = target participants = =
Analysis) according to AIC

- Preparing the procedure
knowledge
documentary

Figure 3.7: Concept for the studies public participation to identify limestone resource

status for development

1) A-Appreciation session

The step involves in reviewing the current perspectives of local. It was
used to measured about awareness concerning of people in the study area. It includes
the local constraints, culture, natural resources and environment problem, problem
identification etc. Moreover, Appreciation session was also concerning about
introducing the study to the local people.

2) I-Influence session

The step involves in promoting local people to analyze about the study.
It includes the factors that distorted the correction of the result, strong point and weak
point of methodology etc.

3) C-Control session

The step involves in capturing final decision that was proposed. It also

mentioned about a direction of limestone resource development.
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CHAPTER IV

RESULT AND DISCUSSION

The research was involved many kind of researches referred to the
characteristics. Each step was used different kind of research. It contained four
different steps: documentary research, quantitative research, Applied Research and

quality research which was resulted as follows:

1) The effective factor of limestone resource status identification
2) The government participation process
3) The GIS application to identify limestone resource status

4) The public participation to limestone resource status for development

4.1 The Effective Factor of Limestone Resource Status lIdentification

The effective factors for limestone resource identification status were reviewed
from related documents, researches involved discuss with official and confirm by
forty-six sampling unit of GIS expert agent (Appendix C) found that the related factor

as result follows:

4.1.1 Community area

Community area was selected as the municipality area because it was indicted
on area that human live density. This factor was considered by creating buffer from
municipality area to protect pollution problem and environmental effect to population

health of the study area.

4.1.2 Slope
Slope was considered for processing due to their security reason that is mining
in higher area is more risk than mining in lower area. When considering an effect of

rock erosion.
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4.1.3 Watershed and Water Resource
There are two water factors involve:
1) Watershed Class Area
The National Environment Committee classified watershed area into five
classes, ranking by the level of land development impact on the ecological system.
Each watershed class has a different level of suitability for the development of mining.
2) Surface water
According to surface water play a crucial role as pollutant transmitter.

Therefore, it was necessary to consider by creating buffer zone from their source.

4.1.4 Type of Mineral Concession

Mineral concession was regulated by Department of Mineral Resource. It
indicates a suitability of mining area by dividing. This into five mineral concession:
Mining lease area, Mining lease application area, Industrial rock area, Mineral deposit
area 6 jattawa and Mineral deposit area 6 tawi section 2. This factor is mandatory

because it imply degree of permission that set up by government.

4.1.5 Forest Use

The Royal Forest Department classified forest use area into four classes: the
conservation forest area, the economic forest area, the agricultural forest area and non-
forest area. The objective of classification is to preventing the impact of on ecological
system and environment from forest utilization. Thus to identify limestone status is

necessary to consider this factor to protect a forest law omission.

4.1.6 Land Use
Limestone resource development has a directly impact to the existing land use.

In other words; it leads to land use change. Thus, this factor must be considered.

4.1.7 Tourism Site and Heritage
The Tourism and heritage are consisted of cultural site and natural site. It is
also included attractive places. The necessary of this factor is related to mental and

feeling of people which are fragility. Therefore, the buffer was created from such area.
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4.1.8 Transportation

Transportation considered in the study was only main road because it indicate
about primary way of traffic in the area. An improper position of mines obviously is a
cause of road deconstruction. Moreover, it produces dusts which interfere with

transportation.

These have been learned from the study that the effective factor from related
document and researches relevant to GIS expert identification. The cause of

consideration was specifically to restrictive factors for limestone resource uses.

4.2 The Government Participation Process

The study of government participation process to officials of department of
Natural Resources and Environment and private organization and follow-up interviews
were conducted in this research, during 1-31 March 2005, to ensure that the
respondents understood content of the questionnaire (Appendix B). Altogether, there
were forty-eight interviewees from sixty population units (Appendix D). The result

found that

4.2.1 Personal characteristic
According to personal characteristic of the interviewee, it comprises gender,
age, education level and occupation as shown in Table 4.1.
1) Gender
The result found that the interviewees who are take responsible directly
to the national resources management which is the officials of department of Natural
Resources and Environment and private organization. There were male (83.33%) more
than female (16.67%).
2) age
Considering age range, it is found that most interviewees their age range
was 40-49 years old (41.67%). Secondly, their age were upper than 49 years old
(31.25%), their age range were 30-39 years old (14.58) and the lowest age range were
lower than 30 years old (12.50%), respectively.
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3) Education level

The result found that most of interviewees had education level master
degree (58.83%), bachelor degree (31.25%) and doctor degree (10.42%) respectively.
Whereas most interviewees had graduate sciences and engineer relate to
environmental and natural resource management or geography information system.

4) Occupation

The result found that most of interviewees who are the government
official of department of Natural Resources and Environment (89.58%). Considering
level range, it is found that most of government official who were government service
level 7-9 (60.42%), government service level 4-6 (25.00%), government service level
1-3 (4.16%), respectively. However who are take responsible directly to the national

resources management which is the private company and organization (10.42%).

Table 4.1 Personal characteristics of the interviewee

n=48
General Information Number Percent

Gender

Male 40 83.33

Female 8 16.67
Age

<30 years 6 12.50

30 - 39 years 7 14.58

40 - 49 years 20 41.67

> 49 years 15 31.25
Education Level

Bachelor degree 15 31.25

Master degree 28 58.33

Doctor degree 5 10.42
Occupation

Government service level 1-3 2 4.16

Government service level 4-6 12 25.00

Government service level 7-9 29 60.42

Private Company/Organization 5 10.42

Source: By Questionnaire Data Analysis
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4.2.2 The Geographic Information System Experience

According to GIS experience of the interviewee, it comprises know the GIS,
used the GIS of time, using the GIS application, agree with organization workshop use
to the GIS application, agree with appropriate GIS application to identify the
limestone resource status for development and GIS problem should to solve and adjust

as shown in Table 4.2-4.3.

The result found that all interviewees were know the GIS (100%), considering
to used time duration in the GIS application, it is found that most of populations who
were using the GIS for 5-10 years (29.17%), secondary their were using the GIS upper
than 10 years (25.00%) and lower than 5 years (18.75%), respectively. However, who
were useless the GIS application 27.08%.

Present at using the GIS application of interviewees, the result found that who
were using the GIS application (87.50%) more than useless (12.50). However, the
same was agreeing with organization workshop use to the GIS application and
supporting for the GIS application to identify the limestone resource status for

development.

Table4.2 Experience and thinking to the Geographic Information System (GIS)

n=48
Geographic Information System Experience Number Percent

Know the Geographic Information System (GIS)

Yes 48 100.00

No 0 0
Used the Geographic Information System of time

Used < 5 years 9 18.75

Used 5-10 years 14 29.17

Used > 10 years 12 25.00

No 13 27.08
Using the Geographic Information System application

Yes 42 87.50

No 6 12.50

Agree with organization workshop use to the GIS application
Yes 48 100.00
No 0 0
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Table4.2 (Continue)

n=48
Geographic Information System Experience Number Percent
Agree with appropriate GIS application to identify the
limestone resource status for development
Yes 48 100.00

No 0 0

Source: By Questionnaire Data Analysis

According to Geographic Information System problem as shown in Table 4.3
result found that the interviewees were thinking to GIS problem, it should to solve and
adjust 89.58%. Considering the most of problem that was user people (20.13%), next
it were data analysis (18.12%), data management (13.42%), software (12.08%), data
input (9.04), data application (6.71), data query and data transfer (6.04%), computer
(10.42%) and data record (3.36%), respectively. However, who were thinking to GIS

application it was no problem 10.42%.

Table4.3 Problem of the Geographic Information System (GIS)
n=48

Data Frequency Percent

Geographic Information System Problem

should to solve and adjust

No J 10.42

Yes 43 89.58
- Computer 7 4.70
- Software 18 12.08
- User people 30 20.13
- Data input 14 9.40
- Data Record 5 3.36
- Data Management 20 13.42
- Data Query 9 6.04
- Data Transfer 9 6.04
- Data analysis 27 18.12
- Data Application 10 6.71

Source: By Questionnaire Data Analysis
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4.2.3 Knowledge on Geographic Information System

GIS knowledge test was score for classification GIS knowledge level of
interviewees. Who were take responsible directly to the national resources
management which is the officials of department of Natural Resources and
Environment and private organization. So that weighting determined to gauge level of

significant of each factor.

The result as follow in Table 4.4 that average score of GIS knowledge was
15.04. The highest score was 18.00, the lowest score was 8 and deviation of score was

2.14.

Table4.4 Knowledge score of the Geographic Information System (GIS)

Score Number Percent
8 1 2.08
11 2 4.17
12 3 6.25
13 3 6.25
14 8 16.67
15 10 20.83
16 7 14.58
17 9 18.75
13 D 10.42

Total 48 100.00

Source: By Data Analysis

X = 15.04 SD. = 2.14 Min = 8 Max = 18

This study was classified knowledge level of interviewees as follow in Table

4.5. The third level of GIS knowledge ranked from low and high levels as follows:

Low level: range of score <X - S.D. (15.04 — 2.14) was lower than score

12.86.

Moderate level: range of score X + S.D. (15.04 — 2.14 and 15.04 + 2.14) was
score 12.86 to 17.18.

High level: range of score <X + S.D. (15.04 + 2.14) was higher than score
17.18.
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The result found that most of interviewees who had GIS knowledge on
moderate level (77.08%), low level (12.50%) and high level (10.42%), respectively.
Therefore it could determine to gauge level of weight factor to identify limestone
resource status. Who were taking responsible directly to the national resources

management and knowledge GIS on moderate level and high level.

Table4.5 Knowledge level of the Geographic Information System (GIS)

GIS knowledge level Number Percent
High (score > 17.18) 5 10.42
Moderate  (score 12.86 — 17.18) 37 77.08
Low (score < 12.86) 6 12.50
Total 48 100.00

Source: By Data Analysis

After the test, considering the association between personal characteristics and

GIS knowledge level as shown in Table 4.6, the researcher found that

1) High level of GIS knowledge

The result found that interviewees had high level of GIS knowledge, who
were male (8.33%) more than female (2.08%). Their age range were upper than 49
years old (6.25%) and 40-49 years old (4.17%). Their educational levels were master
degree (8.33%) and doctor degree (2.08). While they were government official who
were government service level 7-9 (10.42%), using the GIS application and supporting
for the GIS application to identify the limestone resource status for development.

2) Moderate level of GIS knowledge

The result found that interviewees had moderate level of GIS knowledge,
who were male (64.58%) more than female (12.58%). Their age range were 40-49
years old (33.33%), age range was upper than 49 years old (18.75%), and age range
lower 39 years old (12.50%), respectively. Their educational levels were master
degree (41.67%), bachelor degree (27.08%) and doctor degree (8.33%), respectively.
That most of occupations had government service level 7-9 (41.67%), service level 4-6

(22.99%), official of private organization (8.33%) and government service level 1-3
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(4.17%), respectively. GIS experience, the result found that who were using the GIS
application (68.75%) more than useless (68.75%).

3) Low level of GIS knowledge

The result found that interviewees had low level of GIS knowledge, who
were male (10.42%) more than female (2.08%). The most of age range it was upper
than 49 years old (6.38%), next age range was 40-49 years old (4.17) and age range
30-39 years old (2.08%), respectively. Their educational levels were master degree
(8.33%) and bachelor degree (4.17%). That most of occupations had government
service level 7-9 (8.33%), service level 4-6 and official of private organization
(2.08%). GIS experience, the result found that most of population who were know the
GIS unless were using the GIS application.
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Table4.6 Personal characteristics classified by knowledge level of the Geographic
Information System (GIS)

n=48
General Information High Moderate Low
Number % Number % Number %
Gender
Male 4 8.33% 31 64.58% 5 10.42%
Female 1 2.08% 6 12.58% 1 2.08%
Total 5 10.42% 37 77.08% 6 12.50%
Age
<30 years 0 0% 12.50% 0 0%
30 - 39 years 0 0% 12.50% 1 2.08%
40 - 49 years 2 4.17% 16 33.33% 2 4.17%
> 49 years 3 6.25% 9 18.75% 3 6.38%
Total 5 10.42% 37 77.08% 6 12.50%
Education level
Bachelor degree 0 0% 13 27.08% 2 4.17%
Master degree 4 8.33% 19 41.67% 4 8.33%
Doctor degree 1 2.08% 4 8.33% 0 0%
Total 5 10.42% 37 77.08% 6 12.50%
Occupation
Government service level 1-3 0 0% 9 4.17% 0 0%
Government service level 4-6 0 0% 11 22.92%, 1 2.08%
Government service level 7-9 5 10.42% 20 41.67% 4 8.33%
Private individual/Organization 0 0% 4 8.33% 1 2.08%
Total 5 10.42% 37 77.08% 6 12.50%
Used the GIS
no 0 0% 8 16.67% 4 8.33%
yes 5 10.42% 29 60.42% 2 4.17%
Total 5 10.42% 37 77.08% 12.50%
Using the GIS Application
no 0 0% 4 8.33% 1 2.08%
yes 5 10.42% 33 68.75% 10.42%
Total 5 10.42% 37 77.08% 6 12.50%

Source: By Data Analysis

4.2.4 Expert Opinion

Considering the decision maker who were take responsible directly to the

national resources management relate to Geographic Information System experience

were select base on GIS knowledge level. Therefore the experts with the ability to

decision making, there were the officials of department of Natural Resources and
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Environment and private organization included to GIS knowledge was moderate level

and high level.

The result found that there were forty-two expert of interviewee indicated
(Shown in Table 4.7). Their occupations were related to take responsible directly to
the national resources management including planning environmental issues. Their
backgrounds were environmentalists, geologist, geographers, economist, urban
planners and engineers. Only 87.50% of the respondents agreed with the importance

which effects the limestone resource status identification.

Table 4.7 Total of expert characteristics

n=42
General Information Number Percent

Gender

Male 35 72.91%

Female 7 14.66%
Age

<30 years 6 12.50%

30 - 39 years 6 12.50%

40 - 49 years 18 37.50%

> 49 years 12 25.00%
Education level

Bachelor degree 13 27.08%

Master degree 23 50.00%

Doctor degree 5 10.41%
Occupation

Government service level 1-3 2 4.17%

Government service level 4-6 11 22.92%

Government service level 7-9 25 52.09%

Private individual/Organization 4 8.33%
Used the GIS

no 8 16.67%

yes 34 70.84%
Using the GIS application

no 4 8.33%

yes 38 79.17%

Source: By Data Analysis
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4.3 The Decision Support System Apply with GIS to Identify Limestone Resource
Status

This research found that expert assessed the relative importance of the eight
factors: community area, slope, water resources, type of mineral sanction, forest use,
land use characteristics, heritage and transportation by pairwise comparison method of
decision support system. That it was developed by Saaty (19) in the context of the
Analytic Hierarchy Process (AHP).

4.3.1 Model Configuration
This method involved pairwise comparisons to create a ratio matrix. It took as
an input the pairwise comparions and produced the relative weights as output.
Specifically, the weights were determined by normalizing the eigenvector associated
with the maximum eigenvalue of the ration matrix. The result consists of three major
steps as follows:
1) Comparative importance of factors
This study found that there were twenty-eight rows representing the eight
factors and nine columns representing relative importance, ranging as shown in

table 4.8.

Table 4.8 Standard criterion of pairwise comparison method

Comparative Score Comparative Importance
1/9 Extremely more important
/7 Very strong more important
/5 Strong more important
1/3 Moderately more important
1 Equally important
3 Moderately less important
5 Strong less important
7 Very strong less important
9 Extremely less important
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The result of comparative importance was to compare the relative
preference of any two factors at a time. Higher score would be assigned to a factor
with higher importance than the other (36). These importance score corresponding to
the median value of expert opinion voted of each factor pair were entered into pairwise
comparison matrix. The summarized comparative importance for eight factors in this
study was given shown in Table 4.9 and Table 4.10. In order to select score of

importance for each combination were computed of the weight factor.
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2) Computation of the weight factor

Each entry of the summarized matrix was the percent of respondents who
agreed with the score of importance for each pair of factors. According to this study,
dimension of the pairwise comparison matrix were eight by eight (Shown in

Table 4.11).

Table 4.11 Pairwise comparison matrix for all factors

Column Community Slope Watershed Mineral Forest Land Tourism &  Transpor
Row & Water Concession Use Use Heritage tation
Community 1 1 1/3 1/5 1 1 1/3 1/3
Slope 1 1 1/3 1 1/3 1/3 1 1
Watershed &
Water 3 3 1 1 3 1 1 1
Mineral
Concession 5 1 1 1 3 3 1 1
Forest Use 1 3 1/3 1/3 1 1 1 1
Land Use 1 3 1 1/3 1 1 1/3 1
Tourism &
Heritage 3 1 1 1 1 3 1 1
Transportation 3 1 1 1 1 1 1 1

Source: By Data Analysis

The result weight factor involved third steps of pairwise comparison
operation as follows:

Step I : Sum the values in each column of pairwise comparison matrix
(Shown in Table 4.12).

Step II : Divide each element in the matrix by its column total. The
resulting matrix is referred to as the normalized pairwise comparison matrix (Shown in
Table 4.13).

Step III: Compute the average of the elements in each row of the
normalize matrix, that is divide the sum of normalize scores for each row by eight

(Shown in Table 4.14).
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Table 4.12 Summarized comparative importance factor in each column of the
pairwise comparison matrix (step 1)

Factor Community Slope Watershed Mineral Forest Use  Land Use Tourism Transpor
& Water Concession &Heritage tation

- Community 1 1 1/3 1/5 1 1 1/3 1/3
- Slope 1 1 1/3 1 1/3 1/3 1 1
- Watershed

LWater 3 3 1 1 3 1 1 1
- Mineral

Concession 3 1 1 1 3 3 1 1
- Forest Use 1 3 1/3 1/3 1 1 1 1
- Land Use 1 3 1 1/3 1 1 1/3 1
- Tourism

&Heritage 3 1 1 1 1 3 1 1
- Transportation 3 1 1 1 1 1 1 1
Total 18.000 14.000 6.000 5.867 11.333 11.333 6.667 7.333

Source: By Data Analysis
Table 4.13 The normalized pairwise comparison matrix (step II)
Factor Community Slope Watershed Mineral Forest Use Land Use Tourism Transpor
& Water Concession &Heritage tation

- Community 0.056 0.071 0.056 0.034 0.088 0.088 0.050 0.045
- Slope 0.056 0.071 0.056 0.170 0.029 0.029 0.150 0.136
- Watershed

&Water 0.167 0.214 0.167 0.170 0.265 0.088 0.150 0.136
- Mineral

Concession 0.278 0.071 0.167 0.170 0.265 0.265 0.150 0.136
- Forest Use 0.056 0.214 0.056 0.057 0.088 0.088 0.150 0.136
- Land Use 0.056 0.214 0.167 0.057 0.088 0.088 0.050 0.136
- Tourism
&Heritage 0.167 0.071 0.167 0.170 0.088 0.265 0.150 0.136
- Transportation 0.167 0.071 0.167 0.170 0.088 0.088 0.150 0.136
Total 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Source: By Data Analysis
Table 4.14 Determining the importance weight factor (step I1I)

Factor Weight
- Community (0.056 + 0.071 + 0.056 + 0.034 + 0.088 + 0.088 + 0.050 + 0.045)/8 = 0.061
- Slope (0.056 0.071 + 0.056 + 0.170 + 0.029 + 0.029 + 0.150 + 0.136)/8 = 0.087
- Watershed _

&Water (0.167 + 0.214 + 0.167 + 0.170 + 0.265 + 0.088 + 0.150 + 0.136)/8 = 0.170
- Mineral _

Concession (0.278 0.071 + 0.167 + 0.170 + 0.265 + 0.265 + 0.150 + 0.136)/8 = 0.188
- Forest Use (0.056 + 0.214 + 0.056 + 0.057 + 0.088 + 0.088 + 0.150 + 0.136)/8 = 0.106
- Land Use (0.056 0.214 + 0.167 + 0.057 + 0.088 + 0.088 + 0.050 + 0.136)/8 = 0.107
- Tourism _

&Heritage (0.167 + 0.071 + 0.167 + 0.170 + 0.088 + 0.265 + 0.150 + 0.136)/8 = 0.152
- Transportation (0.167 0.071 + 0.167 + 0.170 + 0.088 + 0.088 + 0.150 + 0.136)/8 = 0.130

Source: By Data Analysis
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Table 4.15 Final weight extracted to identify limestone resource status

Priority Factor Weight
1 Type of Mineral Concession 0.188
2 Watershed and Water 0.170
3 Tourism Site and Heritage 0.152
4 Transportation 0.130
5 Land Use 0.107
6 Forest Use 0.106
7 Slope 0.087
8 Community area 0.061

Source: By Data Analysis

The result of weight in Table 4.15 indicated that the type of mineral
concession factor had the highest weight of 0.188., next watershed and water factor
had weight of 0.170, tourism site and heritage factor had weight of 0.152,
transportation factor had weight of 0.130, land use factor had weight of 0.107, forest
use factor had weight of 0.106, slope factor had weight of 0.087 and the weights of
community area had the lowest weight of 0.061, respectively.

3) Estimation of the consistency ratio

Consistency vector had computed values for two more term, lambda ()
and the Consistency Index (CI). In this research consisted of eight factor, Random
Inconsistency Indices (RI) had index of 1.41 (Shown in Table 3.2). The result of

calculated value found that consistency ratio as follows:

A = 8089 +8.538+8.888 +8.892 +8.863 + 8.860 + 8.801 + 8.648 = 8.810
8
Cl = A-n = 8810-8 = 0116
n-1 8 — 1
CR = I - 0116 = 0.082

RI 1.41
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The Consistency Ratio (CR) was designed in such away that if CR <
0.10, the ratio indicates a reasonable level of consistency in the pairwise comparisons.
However, if CR > 0.10, the values of the ratio were indicative of inconsistent
judgments (8). In this research found that a consistency ratio of 0.082, since
0.082 < 0.10, the ratio indicated a reasonable level of consistency in the pairwise
comparisons matrix. Therefore weight factor in Table 4.15 was significantly to

identify limestone resource status.

The weighting score of the potential factors were encompassed of effective
factor, the government participation process and data analysis. Comparative
importance matrix of the effective factors was created from the summary of the data
from expect assess. Pairwise comparison matrix was subsequently computed to reduce
the data dimension and relative importance of each factor to weight extraction. The
result of weighting value found that the type of mineral concession factor had the
highest weight of 0.188., next watershed and water factor had weight of 0.170, tourism
site and heritage factor had weight of 0.152, transportation factor had weight of 0.130,
land use factor had weight of 0.107, forest use factor had weight of 0.106, slope factor
had weight of 0.087 and the weights of community area had the lowest weight of
0.061, respectively.

Therefore the equation used to calculate the potential score to identify

limestone resource status shown as the follow Figure 4.1.

SLA = (0.061 x R;)+ (0.087 x Ry) + (0.170 x R3) + (0.188 x Ry) +
(0.106 x Rs) + (0.107 x Rg) + (0.152 x R7) + (0.130 x Rg)

Figure 4.1: Suitable of Limestone Area Model

Where; * SLA Suitability of Limestone Area

Rn = Rating value of factor,

* SLA: defined as an identified mathematical formula that used to evaluate a potential of each limestone resource area.

It is an integration of three analysis i.e. factor analysis, pairwise comparison method and AHP Model.
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Ratting value determination (R) was operated follow by Department of mineral
resource regulation basing on an environmental effect of mineral utilization (12). The
scale of measurement was shown as follows:

3 indicates an area that totally unsuitable for industrial development
because of that development may cause of severe effect to environment also breaking
the laws.

2 indicate an area that less suitable for industrial development
because of that development may cause of high effect to environment.

1 indicates an area that moderate suitable for industrial development
.An area have some limitation when developing. Effects from development are
controllable.

0 indicates an area that most suitable for development because there

are not any effect that harm an environments.

The effective factors in each group were score of factors. The each score was
indicated to the specific level of suitability for limestone resource status identification.

The score of effective factors as shown in Table 4.16.
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Table 4.16 Rating and weighting factors of limestone resource status identification

Factor Criterion Weighting Rating

1. Community - Distance from community area < 500 m.
- Distance from community area 501-1,000 m. 0061
- Distance from community area 1,001-2,000 m.
- Distance from community area > 2,000 m.

2. Slope - Slope <10%
- Slope > 10-20%
- Slope >20-30%
- Slope > 30%

0.087

W= OO =N W

3. Watershed Watershed class
andWater - Watershed class 1
- Watershed class 2
- Watershed class 3
- Watershed class 4
- Watershed class 5 0.170

Stream

- Distance from stream < 50 m.

- Distance from stream > 50-100 m.
- Distance from stream > 100-150 m.
- Distance from stream > 150 m.

S O = N W

4. Mineral - Mining lease
Concession - Mining lease application
- Industrial rock area 0.188
- Mineral deposit area 6 jattawa
- Mineral deposit area 6 tawi section 2

5. Forest Use - Conservation forest area (C)
- Economic forest area (E)
- Agricultural forest area (A)
- Non-forest area (NF)

0.106

6. Land Use - Forest area (F)
- Water body area (W)
- Urban and construction area (U)
- Agricultural area (A)
- Irrigation area (IA)
- Miscellaneous (M)

0.107

O = m NN WO~ NDW [ —m OO~ O |0~ N W

7. Tourism site and  (Cultural Heritage Natural Heritage and Tourist site)
Heritage - Distance from Site < 50 m.
- Distance from Site > 50-100 m. 0.152
- Distance from Site > 100-150 m.
- Distance from Site > 150 m.

8. Transportation - Distance from main road < 50 m.
- Distance from main road > 50-100 m.
- Distance from main road > 100-150 m.
- Distance from main road > 150 m.

0.130

S = N WO =N W

Source: By Data Analysis
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Standard scale of weight factor was used to transform the weighting values of
each factor into the same unit of summation in GIS application. Attribute scores for
each map layer was obtained by multiplication of the weight with the standardized
values from the factor map. Then, the weighted Potential Surface Analysis (PSA)
technique was used to summarize the total suitability score of weight from all layers

for a particular area.

4.3.2 Data Manipulation
The potential surface analysis for limestone resource status identification in the

each area was analyzed via the score of factors using overlay technique found that

- The score of community factor as shown in figure 4.2 found that the score of
distance from community area < 500 m. had area of 454.17 km’. Next, the distance
from community area more than 500-1,000 m. had area of 181.23 kmz, the distance
from community more than 1,000-2,000 m. had area of 378.52 km’ and the distance

from community more than 2,000 m. had area of 4150.24 km®.

- The score of slope factor as shown in figure 4.3 found that the score of slope
more than 30% had area of 768.20 km’. Next, slope more than 20-30% had area of
351.30 km?, slope more than 10-20% had area of 433.35 km® and slope was < 10%
had area of 3,611.30 km’.

- The score of the watershed class area factor as shown in figure 4.4 found that
the score of watershed class 1 had area of 3,092.43 km®. Next, watershed class 2 had
area of 376.17 km?, watershed class 3 had area of 307.20 km?® and watershed class 4
had area of 1,388.36 km”.

- The score of the stream factor as shown in figure 4.5 found that the score of
distance from stream < 50 m. had area of 561.50 km>. Next, the distance from stream
more than 50-100 m. had area of 520.27 km?, the distance from stream more than 100-
150 m. had area of 478.02 km” and the distance from stream more than 150 m. had

area of 3,604.36 km®.
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- The score of the type of mineral concession as shown in figure 4.6 found that
the score of mining lease application had area of 6.79 km”. Next, the mining lease had

area of 6.73 km? and the industrial rock had area of 2.09 km?>.

- The score of the forest use factor as shown in figure 4.7 found that the score
of conservation forest area had area of 799.03 km?. Next, economic forest area had
area of 912.93 km®, forest area had area of 162.21 km” and non-forest area had area of

3,289.98 km>.

- The score of the land use factor as shown in figure 4.8 found that the score of
forest area had area of 1,788.15 km?®. Next, water body area had area of 27.17 kmz,
urban and construction area had area of 168.28 km’ agricultural area had area of
1,973.98 km?, Irrigation area had area of 1,020.85 km®. And miscellaneous had area of
184.90 km’.

- The score of the tourism site and heritage factor as show in figure 4.9 found
that the score of distance from tourism site and heritage < 50 m. had area of 0.37 km®.
Next, the distance from tourism site and heritage more than 50-100 m. had area of 0.74
km?, the distance from tourism site and heritage more than 100-150 m. had area of

1.47 km® and the distance from tourism site and heritage more than 150 m. had area of

5,161.58 km®.

- The score of the transportation factor as shown in figure 4.10 found that the
score of distance from main road < 50 m. had area of 123.86 km®. Next, the distance
from main road more than 50-100 m. had area of 119.90 kmz, the distance from main
road more than 100-150 m. had area of 116.72 km” and the distance from main road
more than 150 m. had area of 4,803.67 km®.

The calculation of potential score was the results of multiply between

weighting value and rating value in the each factor as shown in Table 4.17.
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Factor Criterion Weighting  Rating SLA
1. Community - Distance from community area < 500 m. 3 0.183
- Distance from community area >500-1,000 m. 0061 2 0.122
- Distance from community area >1,000-2,000 m. 1 0.061
- Distance from community area > 2,000 m. 0 0
2. Slope - Slope < 10% 0 0
- Slope > 10-20% 0.087 1 0.087
- Slope >20-30% 2 0.174
- Slope >30% 3 0.261
3. Watershed Watershed class
andWater - Watershed class 1 3 0.510
- Watershed class 2 2 0.340
- Watershed class 3 1 0.170
- Watershed class 4 0 0
- Watershed class 5 0.170 0 0
Stream
- Distance from stream < 50 m. 3 0.510
- Distance from stream > 50-100 m. 2 0.340
- Distance from stream > 100-150 m. 1 0.170
- Distance from stream > 150 m. 0 0
4. Mineral - Mining lease 0 0
Concession - Mining lease application 1 0.188
- Industrial rock area 0.188 0 0
- Mineral deposit area 6 jattawa 0 0
- Mineral deposit area 6 tawi section 2 1 0.188
5. Forest Use - Conservation forest area (C) 3 0318
- Economic forest area (E) 0106 2 0.212
- Agricultural forest area (A) 1 0.106
- Non-forest area (NF) 0 0
6. Land Use - Forest area (F) 3 0.321
- Water body area (W) 2 0.214
- Urban and construction area (U) 0107 2 0.214
- Agricultural area (A) 1 0.107
- Irrigation area (IA) 1 0.107
- Miscellaneous (M) 0 0
7. Tourism site and - Distance from Heritage < 50 m. 3 0.456
Heritage - Distance from Heritage > 50-100 m. 0152 2 0.304
- Distance from Heritage > 100-150 m. 1 0.152
- Distance from Heritage > 150 m. 0 0
8. Transportation - Distance from main road < 50 m. 3 0.390
- Distance from main road > 50-100 m. 0.130 2 0.260
- Distance from main road > 100-150 m. 1 0.130
- Distance from main road > 150 m. 0 0

Source: By Data Analysis
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The analysis on area-based potentiality study via overlay technique. Factors for
overlay technique comprises of eight factors as shown in Figure 4.2 — 4.10. The result
of potential surface analysis found that the score of total suitability of limestone area
had the highest score of 2.53 whereas the lowest score of zero. In this study divides the
suitability into three levels. The result found that class interval had value of 0.84 as

follow equation Figure 3.6.

maximum Score — minimum score

Class interval

number of class interval

= 253-0
3

= 0.840

Therefore the result of suitability score was stratified into three classes (Shown

in Figure 4.11) indicating different level of suitability as the follows:

- Level 1 was an area that totally unsuitable for industrial development cause

of procuring severe effect. The area was termed as “Preserved area” (Score > 1.681).

- Level 2 was an area that suitable for industrial development moderately
Industrial development was possible under awareness. The area was termed as

“Conserved area” (Score was 0.841 -1.680).

- Level 3 was an area that most suitable for development because of producing

less environmental effect. The area was termed as “Developed area” (Score < 0.840).
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4.3.3 Result Display
The result of area status level as shown in Figure 4.11 was related to index of

limestone area in Ratchaburi Province, that it was included four type of limestone

mineral as the follows (shown in Figure 4.12).

Ckp : Pebbly mudstone and sandstone, which is consisted of various size of
quartz grained quartzite, granite, feldspar, slate, phyllite and limestone clast, silliceous

and calcareous cemented, generally massive, show slumping structure.

Okn : Limestone, thin bedded laminated, gray to dark gray, recrystalline,
intercalated with argillite and fairly well developed minor dray fold on such thin

layers; marble gray.

P : Limestone,gray to bluish gray, yellowish Nd white, massive and bedded
limestone with fossils; brachiopods, fusulinids and bryozoa, interbedded with light
brown, feldspathic sandstone at the base in locallies, brecciated silicified hard and

compact dolomitic.

Trj : Sandstone, red to grayish red, fine to medium grained feldsparthic,
conglomeratic sandstone, red coarse grained basal conglomerate, is condisted of

pebble limestone, sandstone with calcareous cemented meterial, red, siltylime.

Thereafter, there used overlay technique comprises of two layers for limestone
resource status identification as shown in Figure 4.13. The result of limestone area in
Ratchaburi Province found that total areas were 1,057.96 km?. That it was stratified

into three levels indicating different of suitability area as the follows Table 4.18.

- Preserved area was an area that totally unsuitable for industrial development
cause of procuring severe effect. The result of area found that it was 80.57 km®

(7.62%).

- Conserved area was an area that suitable for industrial development
moderately .Industrial development was possible under awareness. The result of area

found that it was 622.80 km” (58.87%).

- Developed area was an area that most suitable for development because of
producing less environmental effect. The result of area found that it was 354.58 km®

(33.52%).
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Table 4.18 Details of the suitability area on limestone resource status

Limestone Resource Status Area (Km?) Percent (%)
Preserved Area 80.57 7.62
Conserved Area 622.80 58.87
Developed Area 354.58 33.52

Total 1057.96 100.00

Source: By Data Analysis

Therefore, the GIS application with analysis and manipulation the GIS data,
the result of limestone resource status identification for development in Ratchaburi
Province found that the most of developed area was located at Jombung district
(111.51 km?). Especially, Rangbua sub-district found that developed area had area of
58.66 km®. Next, Dan Thab Tako sub-district had area of 25.82 km2, Jombung
sub-district had area of 9.98 kmz, Kaem On sub-district had area of 8.61 kmz, Pak
Chong sub-district had area of 4.24 km’ and Boek Phri sub-district had area of 4.21

km?, respectively. As shown in the Figure 4.14.
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4.4 The Public Participation to Limestone Resource Status for Development

The Decision Support System Apply with GIS to Identify Limestone Resource
Status has found that Rangbua sub-district of Jombung district was the most
appropriate for development. However, the map of suitability generated was only
focused on the significant factor from the government view. Hence, the public
participation was implemented to assure the correctness of the results. In other word; it
was used to guarantee that the developed area of Rangbua sub-district was really
suitable in practice. The selected method of public participation was Appreciation

Influence Control (AIC).

4.4.1 Characteristics of the Sample

The sample participants were the members of Rangbua Sub-district
Administrative Organization (Shown in Appendix F). There were twelve members.
The group workshop moderators or facilitators observation found that representatives

were well participated in the workshop followed the AIC process.

4.4.2 Workshops of AIC Process

On the basis of the application of the Appreciation Influence Control (AIC)
approached, which was a participatory planning technique. The result of workshops
comprised of three steps with the content of appropriate limestone resource area for

development as follows:

1) A-Appreciation session

The results, gathered from member opinions about the economics,
society, livelihood, culture, tradition and unity of their area before educating them
about limestone resource can be concluded as following:

- Historic background of Rang Bua sub-district

Predecessors were Puan who traced their ancestry back to Northern
people or Chaing San. Most people migrated from Don Rae sub-district and Khu Bua
sub-district of Muang Ratchaburi district Ratchaburi province to settle down in the

abundant areas contained plenty of water supply resource such as bogs and ponds
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which always be grown by lotus. Hence, the areas were later called “Ban Rang Bua”
or land of lotus.

Ban Rang Bua, after political organization, became Rang Bua district,
while Rang bua is still exist. It was promoted to be one of sub-district of the Rang Bua
district.

Ban Rang Bua has 15 villages which are: Ban Rang Dok Aow, Ban
Nong Bua Kai, Ban Chat Yai, Ban Nong Ka Rean,Ban Nong Rang ,Ban Rang Bua,
Ban Tung Kwang, Ban Nern Sung, Ban Nong Tub Tao , Ban Klang , Ban Nong Sung
,Ban Sun Don ,Ban Nong Tao Dum,Ban Nong Nam Sai and Ban Nong Pee Lhok.

- Physical condition of the area

Most areas are plateau and foothills with loose soil and sand or laterite
which are bad at collecting water. Therefore, rain i1s mainly used for cultivation such
as rice, sugar-cane, and cassava.

- Economics and society

Most residents are agriculturist who grow rice and do farming. However,
in dry season there is extremely dry. Consequently, people sometimes look for
temporally work for addition income. Generally, the overall income is enough for
families to comfortably meet their basic.

- Social characteristics

Due to its agricultural community, there is a cozy relationship among the
people in the society. Sharing cooperative and unity are found easily in the society.

- The understanding of the limestone resource and the environment

Sub-district Administrative Organization has maintained and managed
the local natural resources and environment. It has also aroused the local people’s
awareness about taking care of natural resources and the environment. In this area,
however, there is a lack of training and education in subterranean property and local
limestone. At present, there is only one limestone mining, Sripratom Industrail,
located in this particular area. As the result, most of the residents seem not merely
unfamiliar with the process of limestone mining and its benefit, but also the effect of

exploiting the limestone resource.
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2) I-Influence session

Influence session is the collection of group opinions about how to
determine status of limestone resources. After receiving the information about the
understanding of limestone resource, its usefulness, limestone mining, effects on
natural resources and environment and limestone resource determination steps which
start with compiling educational factors, tools and analysis methods via GIS and
illustration methods to promote understanding, participants are divided into two
groups. Each group contains six people brainstorming and exchanging opinions within
the group to find out tangible ideas and solutions. The following shows solution from

each group:

Group |

- The use of limestone

It is used for cement industry and it is a significant material for
constructing house, building, road, path etec.

- Effects of using limestone

It has effects on forest, mountain, water and road. Sound effect from
mining is acceptable since it has got absolute timetable. However, it is necessary to
cover limestone using a canvas while transporting in order to prevent dust.

- Educational Factor

Although it is enough, the details of control level and residents should be
insight into the village and aborigines.

- Tools and methods

GIS is a new technology which should be continually improved. Since
many residents are not well educated, it is a good idea to have government or private
organization use appropriate tools for safely planning and preventing possible
outcomes.

- Determination of the status of limestone resource

Although it is satisfactory, there need to be an investigation that the

information from original organization is correct.
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Group 11

- The use of limestone

It is used for construction industry, cement industry, and other
constructional support.

- Effects of using limestone

It is a cause of land reduction such as forest areas, cultivated area, water
supply area etc.

- Educational Factor

The factors was suitable, however community forest should be included.

- Tools and methods

The methodology that was used was suitable because the study provided
chances for every stakeholder, especially local participation, to participate in the
research.

Using GIS map for presentation is a good way for result displaying. It
helps people who have not had any experiences understand about the study easier
because they are already familiar with the map of their own area.

- Determination of the status of limestone resource

The group satisfied that their area has a potential for development, but
they want some more information from field check study to convince that the results

of the study is reliable.

3) C-Control session
This session was proposed about a direction of limestone resource

development. The result of this workshop found that:

Group 1

- Advantages

The group coincide that the methodology that was used good because it
was a modern methods that helps them recognize their topography. Moreover, they

satisfy that the local consensus was considered.
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- Disadvantages

According to the local people do not have quite high educational level it
was affected to the cooperation. However, the problem could be solved if the
government provides more education support and industrial investment.

- Consensus

The group coincides and strongly support to the limestone development
in potential area because they believe that it can help increase cost of living of people

who live in the area.

Group2

- Advantages

Using GIS for analysis make a natural resource observation in their area
possible. It provides more information for supporting decision making and planning.
Further, it can reduce cost of field observation.

- Disadvantage

The development should be operated upon province because it has to
have some investments for the development.

- Consensus

The group coincides and strongly support with development because at
present there is only one entrepreneur who run the business related to the limestone
product. The development might cause of a vast investment leading to job hiring in the
local area.

After the seminar, it was found that the members had more understanding
about the limestone, benefits of the limestone and the effect of limestone usage. For
the question about an agreement of limestone resource development, all of the
stakeholders totally agree with the development to expand the limestone resource
production in the area. It was also found that stakeholders cared about economic

problems more than environmental problems.
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4.4.3 Learning behavior assessment
Participants were divided into two teams. Each team consisted of six members
and two coordinators who are totally understand about the research. Behavior of the

participants was observed and analyzed.

1) Team behavior

Both teams reasonably select their team leader considering from
dominant characteristics such as ability, experience and roles. First group select the
Chairman of the Sub-district Administrative Organization Council while another group
select the Chiefof the Sub-district Administrative Organization Council as their leader.
The role of the leader is to encourage member to shares opinion about the
development such as the result of the study, tools and methods used in the study,
advantages and disadvantages of the development, including suggestions.

The coordinator concluded that generally the team cooperation of both
teams was good. The discussions were operate systematically.

2) Member’s roles behavior

Most of members express their opinion creatively and reasonably even
though some members need to be motivated by coordinators at the beginning of the
discussion. For the team cooperation, it was found that everyone share an excellent
opinion to each other creating an excellent atmosphere although it was sometime that
the one’s opinion was dominated by his leader’s opinion also, there was some
quarrelsome.

3) Overall behavior

Coordinators summarized that generally both groups cooperate very well

as shown by their enthusiast and great intention to complete the research.

In summarize, it was shown a successful in the public participation studies
.The stakeholder showed a great cooperative. This is caused by the selected samples
are appropriate. Their capability and knowledge are useful for the study and

development of their area.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

The main objective of the application of Geographic Information System and
participation to identify the limestone resource status for development is to promoting
an appropriate usage of natural resources which known as limited resources
efficiently. The method involved in the study are: Pairwise Comparison Method which
is a well-known factor analysis method, Potential Surface Analysis which was
operated under Geographic information system using an overlay technique, and public
participation study which was designed to integrating the results from the study to the
stakeholder adjustment. The results are proposed as follows:

5.1 Conclusions

5.1.1 The effective factors related to limestone resources composted of eight
factors. i.e. type of mineral concession, watershed and water, forest use, land use,
slope, tourism site and heritage, community area, and infrastructure. The Consistency

Ratio (CR) of correlation test has shown that all of the factors correlated each other.

The Pairwise Comparison Method was used for measuring a significant of each
factor to limestone resource due to the Analytic Hierarchy Process (AHP). It was
shown that type of mineral concession factors was the most significant factor because
the factor was related directly to the laws and regulation control of mining which
already classified an area into three levels: Mining lease area, Mining lease application

area, Industrial rock area.

5.1.2 The Potential Surface Analysis (PSA) was operated to divide a potential
area of limestone mining into three levels. It was started by the calculation of
weighting and rating from the equation of SLA (Suitability of Limestone Area). Then,

there are overlaid to produce the followings area.
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1) Preserved Area

The areas that are totally unsuitable for limestone development because
implanting such areas are high risky leading to problems. The preserved areas include
the area causing severe conflicts, producing high environmental problems and law
omission when used as limestone development area .The total areas of the preserved
area are 80.57 km?. or 7.62% of total areas. Generally, the areas are located in the west
of the province. They were located at Ban Kha district. The characteristic of the areas
are high both altitude and slope. They are also watershed class | and class I
composting of many streams and water body. In addition, the areas are conservation
forest area. Therefore, even if some area contains limestone resources, they are should
not be utilized.

2) Conserved Area

The limestone areas those are suitable for industrial development
moderately. In case of utilization, they may have some environmental problems but
those are controllable. The total area of conserved area are approximately 622.80 km?.
or 58.87% of total areas. Most of them are located at Bankha district and Jombung
district. According some limitation of those area such as containing outstanding
natural resources or heritages, the areas should be conserved unless the existing
limestone resources are still usable.

3) Developed Area

The limestone resources areas that does not have environmental effects
when mined or the problems are controllable. Therefore, they are the most appropriate
areas for development. The areas have an appropriate topographic, also there are no
conflicts or any restrictions of usage. Furthermore, there are no human communities
located proximately. In addition, the areas are validate for usage because they are both
the areas that already have a concession and concession requesting process. The
approximated areas are 354.58 km?. or 33.52% of total areas. Most of the areas are

located at Jombung district or the central of the province.

5.1.3 Due to the public participation study by AIC at Rangbua Sub-district
Administrative Organization, the results has shown the local administrator attitude to
the study that the development are needed as soon as possible even it may effects

some problems. In their perspective the development has more advantages over
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drawbacks for example, the development induce a recruitment which will bring people
about wealth. Therefore, they were strongly support the limestone development.
Nevertheless, they were concerned about that development that vast investment is
required and people may not have enough skills for development, so they wanted fully
supported from both public sectors and private sectors if the development would

become real.

5.1.4 The study found that GIS is a potential tool for planning. Especially, it is
useful for decision support application that required spatial analysis. The study has
shown that advantage by showing its potential of limestone status identification. The
result of the study was relatively satisfied, it provided the results nearly with that of
AIC.

5.1.5 It has been learned from the study that efficient limestone resources
usage planning have to cooperate many fields of study together such as geology,
ecology, sociology, geography, and environmental study. Those factors were
cooperated under the geographic information system.

Even thought GIS is an effective tool for limestone resource planning of the
study area, it was also important to mention about villagers opinions because they are
the one that use and own the resources directly. Furthermore, it was seem to unfair to

the villager if the laws or regulation was set up without any local consensus.

Therefore, identification of limestone resource status should have three major
components of the study integrated together; effective factor analysis, public
participation, and government participation expecting that these will lead to an origin

of sustainable limestone resource management.
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5.2 Recommendations

5.2.1 Although the study provided an acceptable result from integrating many
factors effecting limestone resource together i.e. physical factors, biological factors,
and social factors as mention earlier, the economical factors are never included. They
may include cost of operation, limestone demand and supply, price of land and etc. If
those factors were included, they would increase in the correctness of the study.

5.2.2 The study should include some qualitative factor related to development
such as type of industry or kind of developments that will be taken place in the
limestone area and organic components of limestone resource because each type of
limestone resources contain a different physical and chemical qualification. So, they
may suit for the development differently for usage. When unfitted industries were
located, it would cause a useless or worthless development for example, high quality

limestone that may be used in fertilized industry.

5.2.3 The general consensus of the villagers should be surveyed. Conceptually,
the limestone resource are belonged to everyone especially the ones who live in the
area. Any decision that was made will affect them directly in a long run. Therefore, it
is important to let them justify a development direction by themselves. However, for
the reason that the study do the pubic participation only on the member of Sub-district
Administrative Organization because it was used to represent of an agreement of the

people who live the area due to the limitation of time and number of researchers.

5.2.4 Even thought the pairwise comparison method contain several Advantage
for example the paired-comparison method is that only two criteria have to be
considered at a time, if many criteria are being compared, the method may get very
large. It also has disadvantage for its meaningfulness of responses to the underlying
questions. The questions simply ask for the relative importance of evaluation criteria
without reference to the scales on which the criteria are measured. This fuzziness may
mean that the questions are interpreted in different, and possibly erroneous, ways by

decision makers.
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