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ABSTRACT
This research is aimed to study environmental factors which influence drought in Lop Buri

province. These factors are Meteorology, Topology, Hydrology, Hydrogeology, Pedology and Land use
factor. 46 experts and governmental officers from concerned agencies do weighted and rated each
factor. The relationship between drought risk and environmental factors affecting risk was done by

Stepwise Regression Analysis at the statistically significant level (95%). Geographic Information

System was employed to estimate the potential of study area for drought at many levels of severity.

The results of the research revealed that there were six factors influencing drought risk in the
study area at the statistically significant level (95%) : frequency of rainfall days (X;), slope (X5), land
use (Xs), elevation (X,), distance from irrigated area (Xs), and average annual rainfall (Xs). The
forecasting model for this research was Y = 2.858 - 0.174 X; + 0.224 X, — 0.152 X; + 0.183 X, - 0.087
Xs - 0.162 Xg This model could explain change of drought risk by 85.30 percent. Volume of
groundwater factor and soil drainage factor had no relationship with drought risk in the study area at the
statistically significant level (95%)

This research showed that most areas had moderate level of drought risk covering 5,296.05
km? (81.44%) and scattered throughout study area while low level of drought risk area covered 334.39
km? (5.14%), mainly in the southern and central part of the study area. The high level of drought risk
covered the least area by only 232.08 km? (3.57%), mainly in northern, southern and southeastern parts
of Lop Buri province. The output from this research was in accordance with the drought area report of

Lop Buri province.

KEY WORDS: GIS / DROUGHT / REGRESSION ANALYSIS / WEIGHTING
RATING
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CHAPTER I
INTRODUCTION

1.1 Statement of problem

Drought is a persistent problem in many areas. The main cause of drought is
an insufficient amount of rainfall over a prolonged period of time, such as a few
weeks, a season or a year. Lack of rain can be caused by global patterns of air
circulation or through man-made intervention. Dams and irrigation systems can
disturb the natural flow of rivers and lakes which means insufficient water vapour
rises into the air to form rain clouds. Other factors that contribute to drought are high
temperatures, low humidity and high winds (1). On the other hand, the nature of
drought depends on factors that are different in each region, such as climate, rainfall
crops and soil. During a drought, vegetation will die and crops will fail, affecting the

surrounding animal and human being.

For Thailand, drought is mainly come from a dry spell and less frequency of
rainfall days. Drought directly effect to water resource and agricultural purpose due to
most Thai people are farmers. Then, it is no doubt that drought can generate negative
effects to agricultural activity. Long period of drought can reduce moisture in soil
significantly crop growth and crop yield will decline dramatically. Moreover, the
effect of drought can be on economic aspect as it can generate waste and degrade
yields of livestock, forest, fishery and overall economy. Such as lowering land price,
generating unemployment and losing on tourism industry etc. In addition, drought can
affect to environment since it can reduce water supply for animals, generate
contagious disease for livestock, provide loss in biodiversity and social impact on
health condition, water allocation and even water quality management (2). From the
past, Thailand had confronted with drought since 1967-1993 to no rainfall for long
consecutive months in rainy season. Especially in 1979 that severe drought had
happened in Thailand owing to no rainfall in raining season. Thus, average annual

rainfall in 1979 was much less than the standard generating huge loss to Thailand’s
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economy especially in agriculture, manufacturing and electricity supply (3).
Furthermore, Office of Agricultural Economy also estimated agricultural product loss
affected from drought in the end of 2004 and found that there were 10,000 million
baths of loss in agricultural yield (4).

Lop Buri is one province of Thailand locating in central part of the country. It
has an area of 6,502.71 km® Most of populations are in agricultural sector.
Agricultural area of Lop Buri province is 4,794.92 km? (77 percent of the total area).
There were four land use types such as paddy field is around 1,707.35 km?, field crops
covering 2,889.32 km?, orchard covering 97.35 km? and vegetables covering 100.82
km? respectively. In 1998, Lop Buri is one among many provinces which confronted
severe drought in 11 districts, 62 sub-districts and 203 villages. Agricultural area was
damaged by drought of 987.05 km? (20.58 percent of the total agricultural area) (5). In
2004, Lop Buri Disaster Prevention and Migration Office reported drought area
covered 8 districts, 66 sub-districts, and 533 villages. Agricultural areas were get loss
from drought 647.20 km? or approximate to 92,747,061.75 baths (6).

According to this situation, drought problem directly affects to people
especially in agricultural area. Frequently, the ways to prevent and correct drought are
always planned after drought happening already. The database is most importance for
solving drought problem. Moreover, there is no complete database of drought
prevention program yet. Then, employing Geographic Information System (GIS) is the
one of system is a comfortable system on manipulate spatial data and environmental
data. Drought risk area was assessed by GIS and regression analysis. Output from this
study will be beneficial for generating appropriate way to prevent drought and
bringing about loss reduction in the study area and other areas in the future.

1.2 Objectives of the study

1.2.1 To study environmental factors influencing drought in the study area

1.2.2 To study the relationship between level of drought risk and concerned
environmental factors

1.2.3 To apply Geographic Information System for drought risk area

assessment in Lop Buri province
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1.3 Scope of the study

1.3.1 Scope of the study area
Lop Buri is a central province in Thailand locating far from Bangkok
around 153 kilometers The province locates on latitude at 14 degree 37 minute to 15
degree 30 minute north and longitude at 100 degree 25 minute to 101 degree 27
minute east. The area of the province is around 6,502.71 km?, covering 11 districts as
Muang Lop Buri, Tha Wung, Ban Mi, Phatthana Nikom, Chai Badan, Khok Samrong,
Tha Luang, Sra Bost, Khok Charoen, Lam Son Thi and Nong Muang districts.

1.3.2 Scope of the methodology

1) This study is aimed to find environmental factors which affect to
drought through secondary data and some concerned researches composing of data on
average annual rainfall, frequency of rainfall days, slope, elevation, irrigation area,
volume of groundwater, soil drainage and land use. Factors for masking inappropriate
area from this study are set as water body, urban and built-up land.

2) Geographic Information System (GIS), Spatial Analysis Technique
and Regression Analysis are applied to drought risk area assessment in Lop Buri
province.

3) Drought risk area maps in every level of severity are also provided.

4) Suggestions on drought prevention and drought management are

provided.

1.4 Conceptual framework

Drought risk area assessment in Lop Buri province is aimed to study
environmental factors influencing drought. These factors are composed of
meteorology, topography, hydrology, hydrogeology, pedology, and land use factors.
These factors are weighted and rated by experts and governmental representatives
through questionnaire before employing to find statistical relationship by multiple
regression analysis. Forecasting model for drought risk assessment is revealed that this

step and then this model will be employed into Geographic Information System (GIS).
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ArcView and ArcGIS programs will help to manipulate spatial data on data input, data
editing, data analyzing and finally of data representing in drought risk area assessment

in Lop Buri province. Conceptual Framework is shown in Figure 1-1.

| Drought Review |

4' Effective Factor li

Meteorological

« Average Annual Rainfall

- Factor Reviewin
« Frequency of Rainfall Day 2

. A T . - Weighting and Rating Analysis
Topographical
(By Questionnaire)

+ Slope Gradient

« Elevation Level
Hydrological

« Distance of Irrigated Area
Hydrogeological

+ Volume of Groundwater
Pedological

« Soil Drainage
Land Use Characteristic

« Land Use

'

| Multiple Regression Analysis |

.

| Drought Forecasting Model |

'

| GIS Analysis |

Masking Area

\ 4
|| The Risk Area of Drought

Figure 1-1: Conceptual framework of the study
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1.5 The expected outcomes

1.5.1 Finding environmental factors influencing drought in Lop Buri
province.

1.5.2 Gaining forecasting model to predict drought risk in Lop Buri province.

1.5.3 Output from this study can be beneficial for planning on drought
prevention also providing suitable measures for land use in Lop Buri province. With
this concern, loss in many aspects could be reduced effectively in the nearest future.

1.6 Definitions of term

1.6.1 The definition of drought
Department of Irrigation (1965) (7) mentions that drought is a period of

season having no rain enough to do agricultural activities.

The Meteorological Department of Thailand (1990) (8) mentions that
rainy shortage or drought is a natural disaster related to the less in rain level or lack of
rainy water in rainy season. Drought directly affects to water shortage in human
consumption and agricultural activities firstly and gradually brings about human
starvation. The level of severity is depended on weather moisture, soil moisture, long

period and wide area of being drought.

Drought is classified when an area has 15 consecutive days with less
than 0.01 inches (0.25 millimeters) of rain. Drought are not normally considered
disasters. They are usually just normal part of climate and weather and can occur
anywhere (9).

1.6.2 Risk area is defined as any area of chance to get natural disasters
included landslide, flooding, storm, or even drought. Level of disasters and loss is
depended on topography aspect and level of severity of such a natural disaster (10). In

this study, risk area is defined only as area of drought risk.
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CHAPTER I
LITERATURE REVIEW

Geographic Information System for droughts risk area assessment by
regression analysis in Lop Buri province refers to concept, theory, document and
related report for research that is categorized as following topic;

2.1 The drought

2.1.1 The definition of drought

2.1.2 Type of drought

2.1.3 Classification of drought

2.1.4 The cause of drought

2.1.5 The impact from the drought

2.1.6 Season that drought always happens in Thailand

2.1.7 The drought in Thailand

2.1.8 Drought prevention method
2.2 Geographic Information System (GIS)

2.2.1 The definitions of Geographic Information System

2.2.2 Component of Geographic Information System

2.2.3 Characteristics of data in Geographic Information System

2.2.4 The step working on Geographic Information System

2.2.5 The benefit from the using of Geographic Information System (GIS)
2.3 The concept of spatial analysis techniques

2.3.1 Sieve analysis or sieve mapping

2.3.2 McHarg’s technique

2.3.3 Threshold analysis

2.3.4 Potential Surface Analysis: PSA

2.3.5 Mathematical model
2.4 Related research
2.5 The study area

2.5.1 Administrative area

2.5.2 Land form
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2.5.3 Topography
2.5.4 Climate

2.5.5 Water resources
2.5.6 Natural resources
2.5.7 Land use

2.5.8 Population

2.1 The drought

2.1.1 The definition of drought
Department of Irrigation (1965) (7) mentions that drought is a period of

season having no rain enough to do agricultural activities.

The Meteorological Department of Thailand (1990) (8) mentions that
rainy shortage or drought is a natural disaster related to the less in rain level or lack of
rainy water in rainy season. Drought directly affects to water shortage in human
consumption and agricultural activities firstly and gradually brings about human
starvation. The level of severity is depended on weather moisture, soil moisture, long

period and wide area of being drought.

Drought is classified when an area has 15 consecutive days with less
than 0.01 inches (0.25 millimeters) of rain. Drought are not normally considered
disasters. They are usually just normal part of climate and weather and can occur

anywhere (9).

Drought is a natural disaster related to water shortage that affects to all
walks of life and even the economy of country at large. Plants and animals are also
affected. This kind of disaster normally occurs without any notice; it is hardly to

predict the time scale accuracy (11).

2.1.2 Type of drought
Patchara Wongchumpit (1991) (12) says that drought is a natural

disaster as it can be categorized into three types as follows:
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1) Meteorological drought happens from weather change especially
change in rain level. Effect of rainy level change is much more influenced to generate
drought than other changes such as changes in level of temperature, moisture and wind
or water evaporation due to the rain level change always happens for a long duration
covering wide land area. The Meteorological drought can be measured through
Deciles Range as it is an indicator for measuring the level of drought.

2) Hydrological drought happens from continually long change in
weather until it affects to lowering surface and underground water. Whenever water
volume is insufficient for human consumption, agricultural and industrial activities as
well as electricity production etc. then, water shortage situation has happened
especially in summer season. Thus, the situation of water demand being more than
water supply is an indicator of hydrological drought.

3) Agricultural drought is directly related to meteorological and
hydrological drought as it happens from lowering of rain level, soil moisture and water
lost from evaporation. Agricultural drought is mainly come from low quality of soil in
serving agricultural purpose as it was degraded in quality from human’s wrong usage.
Using soil resource without academic concern such as deforestation can destroy
nutrient covering soil surface then soil capacity has gradually decreased. Without soil
surface coverage, soil moisture can be evaporated swiftly especially in summer
season. The outcome is less on underground water and soil moisture until plants could
not uptake enough water for their growing. Decrease in water availability brings about
stagnation and crop damage. In order to study agricultural drought, the aridity index
can be employed for measuring such a drought effectively.

Three types of drought are shown in Figure 2-1 below.

2.1.3 Classification of drought
Pranee Wongvittawat and Nognnart Ooprasitwong (1991) (11)
classified drought into three levels according to their severity as follows:
1) Dry spell is a situation of rainfall which is less than 1 mm. /day for
15 consecutive days during the rainy season without any problem of water shortage.
Dry spells may occur in every region of the country in the early month of the rainy

season, between June and July;
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2) Partial drought is a dry spell in the rainy season when the daily
rainfall volume is less than 0.25 mm. /day for at least 29 consecutive days. This
situation leads to water shortage which affects farming, industries, the livelihood of
people, and even the economy of the country. Partial drought has happened in
Thailand only a few times.

3) Absolute drought is a long dry spell in the rainy season which it has
no rain for at least 15 consecutive days or having rainfall but its volume is less than
0.25 mm. Absolute drought is the most dangerous natural disaster. Consequently, a lot
of living thing can be damaged. This kind of drought has never happened in Thailand.

2.1.4 The cause of drought
In Thailand, there are many factors generating drought such as
atmosphere circulation, change in atmosphere mixture, changing in relation between
atmosphere and sea or ocean level. Thus, drought has not happened from only one
cause but from many causes combined as follows:
2.1.4.1 Drought happened from natural phenomena

1) Drought happened from less of daily rainy volume. In
tropical zone countries, like Thailand, monsoon and storm are main causes of rainfall.
Less of rainy volume has happened from monsoon flows irregularly including with
low velocity of monsoon as well as some regular winds changing their directions such
as direction change in depression, tropical storm, and whirlwind. Anyway, season and
natural phenomenon change are something uncontrollable. Anytime they have
happened, drought would occur spontaneously (14).

2) Drought happened from wind and atmosphere temperature.
Wind and surrounding temperature are main factors influencing changes in
temperature, moisture and other conditions in surrounding atmosphere. Good example
is that hi-speed wind can generate water volume lost in atmosphere and drought will
happen after that.

3) Drought happened from moisture lost. As we all know,
moisture in surrounding atmosphere is main factor for generating rainfall volume by
condensation nuclei and condensation reaction. Appropriate level in moisture can

provide appropriate level of rainfall volume also. Any changes in moisture level by
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strong wind or high temperature weather can bring about the change in rainfall
volume. However, moisture in atmosphere also controls the level of dehydration. In
case of surrounding weather has high level of moisture, dehydration level will be less.

Then drought is always not happening in area of high level of moisture.

Natural Climate Variability

Precipitation deficiency High temperature, high winds,
(amount, intensity, timing) low relative humidity, greater, _
sunshine less cloud cover 8
o 23
Reduced infiltration, runoff, 9 =
deep percolation, and ground Increased evaporation >
water recharge and transpiration 2

Soil water deficiency
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Figure 2-1: Three types of drought; meteorological drought, agricultural drought and
hydrological drought (13).

4) Drought happened from activities of organism in soil. Soil in
which has activities of organism, microbe or any other soil animals, can provide soil
structure having high capacity on water storage. Micropores and macropores within
soil structure generate soil pore for water carrying on rainy days and water releasing
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on dry season. Anyway, type of plant covering soil surface, density of plant and
natural disaster are main factors directly affecting to change in organism’s activity
(14).

2.1.4.2 Man-made drought

Human activities significantly affect to be drought or water
shortage. Generally, such activities are done in order to serve human desire. These
bellows are some of them.

1) Deforestation, Forests are very important to all as they are
soil-coverage plants produced by nature. Within forest system, there are composed of
plants in both living and non-living things which do their activities regularly. All these
activities generate soil capacity especially for water storage. The study of KWRS
(1986) (15) mentions that 200 ml of rainfall volume in a jungle, water can be stocked
completely and gradually released into below stream continually for all year. As far as
one concerns, in a dense jungle, it can absorb water volume from rainfall more than
300 ml in each year round. Clearly stated that, deforestation can generate drought
unavoidably.

2) Agricultural activity, Both of planting and farming can bring
about drought especially, in case of misleading agricultural activity. Wrong doing on
agricultural activity directly generates soil erosion and then drought will happen
forthright due to agricultural land area loses its capacity on storing water. Moreover,
pesticide usage directly derives to soil degradation. Then soil could not storage water
affectively. Furthermore, livestock is case of letting cattle to destroy soil surface plants
by both eating and stepping on, can generate soil too dense to carry water. Then
drought will happen after.

3) Construction and mining, These activities straightly affect to
soil erosion and shallow of river or canal. Then, water lost from run-off and water

shortage will happen accordingly.

2.1.5 The impact from the drought
Drought in Thailand directly affects to agricultural areas and water
supply shortages due to most of Thais are farmers. Agricultural activity is clearly

affected by drought such as lack of moisture in soil, water shortage in plant, stagnation
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or growth of plant and low productivity and quality of plant. Most of drought affecting
to agricultural activities always happens in rainy season which has no rainfall dropping
for long consecutive days. In conclusion, there are many consequences of drought
bellows (16) (17):

1) Drought phenomena cause water evaporation from soil and a plant at
the high rate. Beside, shortage of water will effect to the agriculture production, both
in plants and animal productions. People are also run out of water for consuming.

2) Agriculture production will be damaged and resulted to economic
lost both in household and national level.

3) Drought will result to the water shortage filling into dams which is
utilized for irrigation and electrical generation. Therefore, such a shortage will also
affect to the national economy and electricity for Thai people.

4) In the drought period, weather will be disturbed since Thailand
locates in the tropical area. Precipitation will generate the temperature cooler. If there
IS no rain, the weather humid and the temperature will increase more than usual.

5) Drought can affect to economy as it brings about production lost in
livestock, forest and fishery. Even in general aspect, drought can affect to land price
drop, stop running of factories, unemployment, forward linkage problems in tourism,
energy and transportation sectors in finally.

6) In drought period, desertification would happen overspread. Dust
from desertification will be spread by wind affecting to the health of people in that
area.

7) People in the area that face with drought especially in the North

Eastern part of Thailand, tend to migrate to the any fertile areas such as Bangkok and
other provinces. The increasing in numbers of people causes and imbalance in all
public facilities in mega city bring into water allocation.

8) Drought affects to environment as it generates water consumption
lack in animals. When animals have no enough water for surviving, they must die by
pandemic. Then, diversification is gradually lost. Whenever hydrological problem
happens, wetland area will reduce in size and water volume after that as well as
salinity in water will change. Thus soil erosion has happened following with forest fire

which brings about low quality of air and visual pollution.
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Besides all above direct effects, drought can generate indirect
consequences as follows (18):

1) The forest fire is a consequence from many causes such as
thunderbolt into grass land and burning straws or grasses by farmers. This type of fire
can accidentally burn houses or even nearby farms. Smoke of burning could disturb
vision as well as probably generates transportation accident cases.

2) The fluctuated weather has happened from hot temperature in
surrounding weather for long consecutive days. The accumulation of heat in specific
area could bring about two streams of wind flow into each other. The area of two
streams wind will be a narrowed wind generating summer storm and thunder storm as
well as heavy and thunderbolts, normally happening within 2 hours. The heavy power
of such a wind may destroy houses and any properties. Generally, there are hails in
some areas of the fluctuated weather sometime.

2.1.6 Season that drought always happens in Thailand

Drought in Thailand normally happens in two periods or seasons as
(18):

1) In winter to summer season. Drought always happens on around
October to February in winter and then continually to May in summer. On that time, in
northern part of Thailand, there is less volume of rainfall and mostly having rain from
thunder storm. Normally, drought has occurred every year as well as forest fire also.

2) In rainy season, Drought has happened regularly since May to
October and in the mid period of rainy season from June till July. In Northern part of
Thailand, drought has happened due to no precipitation for 1-2 weeks or sometimes
more than one month. Drought in this period hugely affects to agricultural activity as

some plants died because of water lack.

2.1.7 The drought in Thailand
The records on drought happening in Thailand reveal that since 1968 to
1993, drought had happened in many various areas because of no rainfall in rainy
season for prolong period, since July till September. The details of drought situations
as (16):
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In 1968:

In 1969:

In 1978:

In 1980:

In 1986:

In 1987:

Literature Review / 14

There was less in precipitation generating widespread drought in
Chumporn province, including almost all of provinces in
Northern, Central, Northeastern and Eastern regions of Thailand
or even Bangkok.

There was less in precipitation generating drought in central area
of Northern region of Thailand starting from Pitsanulok province.
Drought covered Central region as well as western side of
Northeastern region, Eastern region also some areas nearby Thai
Gulf in Southern region.

There was a report mentioning that drought happened since June
to mid of August, covering areas throughout the country.

The report mentioned that there was severe drought in Thailand
since the end to July till the end of September due to very less of
rainfall volume. The drought in this year ended up with the
national economic lost especially in agricultural and industrial
activities or even electricity generation. Thai people were also
getting effects as they lacked of water consumption due to
drought covered very wide areas from Northern region, upper side
of Central region, Western side of Northern region and eastern-
upper side of Southern region of Thailand.

There was a report on behalf of the Secretary Office on Civil
Disaster Protection, the Ministry of Interior mentioning that there
were 41 provinces facing with drought happening from no rainfall
for many consecutive days. Having no any rainfall had occurred
around late of May till June, late of June till July and half back of
September and the first half of October.

Thailand in this year confronted with severe drought as same as in
1986. The areas of drought covered widespread lands in every
parts of Thailand especially in Northern and Eastern region. The
severity of drought had dramatically increased in the mid of rainy

season.
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In 1990:

In 1991:

In 1992:

In 1993:

There was less in amount of rainfall in this year since June till
September throughout the country. Actually, agricultural areas
facing with drought were mainly in Southern region.

Drought in this year had happened from less volume of
precipitation since early rainy season in Northern, Northeastern
and Central region of Thailand. Low volume in rainfall made
below average water storage in dams and reservoirs. Department
of Irrigation could not support water for farmers locating in areas
nearby the dams, then severe water shortage had happened in
many land areas in Northern, Northeastern and Western region.
There were reports revealing that drought had happened since
March till June caused by low frequency and volume of rainfall.
In addition, there was no rainfall for many consecutive days since
June to July. Main areas of drought covered many provinces in
Northern, Central, Southern and Northern regions.

A report revealed that drought had happened since March to May
and mid of June due to having no rain since mid of June till July.
In addition, during the period of cultivation, rain stopped on
falling earlier so drought areas had expanded covering main parts

of Northern, Central, Eastern and Southern parts consequently.

2.1.8 Drought prevention method

There are many methods for preventing drought but each of them can

not be one hundred percent of protection but only decrease its severity. Two methods

below are popular one (14):

1) Water conservation method: This method based on integrated ideas

on water conservation in doing agricultural activities such as terrace, contour, furrow,

stubble mulching, strip cropping, wind breaks and shelter belts. The main objective of

these methods is for providing soil to absorb water as much as possible in order to

reduce the speed of soil erosion from surface running off.

2) Atrtificial stimulation of rainfall: This method is for adding

condensation nuclei matter into atmosphere. Silver iodine is an example of such a
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matter generating condensation process, especially in the atmosphere falling of water
stream. By the way, artificial stimulation production of rainfall may not succeed in the
area of drought due to low level of moisture in atmosphere. Actually, artificial rainfall
production can be succeeded smoothly in areas nearby water sources or oceans and in

areas that weather condition is already studied beforehand.

This research is done for evaluating drought risk in study area in terms of three
conditions as meteorological drought, hydrological drought, and agricultural drought.
The research is also done based on 8 factors affecting drought as average rainfall,
frequency of rainfall day, slope, elevation, distance from irrigated area, volume of

groundwater, soil drainage and land use.

2.2 Geographic Information System (GIS)

2.2.1 The definitions of Geographic Information System
Burrough (1986) (19) defined that GIS is the tool to collect, record,

retrieve, change, and display data of the world areas. It describes things in the world in

terms of location attributes and topology.

Kasem Goonpradit (20) mentions that Geographic Information System
(GIS) is a computer system which can work on providing map by importing, managing
concerned data also presenting results of the study systematically. By conclusion, GIS

IS a smart way to manage data base and mapping by using computer system.

Prayat Pahndee (21) defined that GIS is a system on importing various
concerned data to record in computer memory by using software which can produce
output on graphic system and computer which can express data stored into multiple
layers. GIS also includes a multiple layer technique for helping the processing process

in order to provide reliable output appropriate for planning or problem solving.

According to above definitions, it can be concluded that Geographic
Information System (GIS) is a managing system for spatial data and attribute data. GIS
is beneficial for managing complex and much quantified data as it can promote storage

system effectively also correcting data is available. GIS provides for cases of finding



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 17

data on memory, data analysis, model providing as well as data expressing in form of

geographic schedule.

2.2.2 Component of Geographic Information System
There are four components of GIS as (22):
1) Data/Information
Appropriate data for GIS should be specific theme which can answer
unknown questions properly. Also they should be right, reliable and up to date.
2) Hardware
Hardware composes of computer, imported devices such as digitizer,
scanner and devices for data reading, data storing and data expressing.
3) Software
GIS program composes of imported unit, stored and managing unit,
analysis unit, expressing result unit and user-connection unit.
4) User
User composes of analyst and user. Analyst should be a person who
is expertise and be trained effectively to use the computer system.

2.2.3 Characteristics of data in Geographic Information System
Data in Geographic Information System can be divided into 2 types as
spatial data or Graphic data and non-spatial data or attribute data. These two types of
data are related in both terms of continuous and discrete relation (23).
2.2.3.1 Spatial data or Geographic data is the data type expressed in
form of figure or to be a component to generate figure. There are three features of
spatial data.

1) Point features: The point feature will be used for stating the
position of any place of study. The size of point will provide how important of place
that is shown in map. Furthermore, the point will explain on location i.e. location of
province, school and hospital etc.

2) Linear features: The linear feature is composed of straight

line, break line and convex line. Each line will explain characteristics of places on map
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through its size, width and length. Roads and rivers on map are examples on using
linear features to explain what characteristics they are.

3) Area features: The area feature is explained the boundary of
study area as sometime its called “Polygon”. This feature is composed of many
characteristics such as convex, concave and area with a hold characteristic. These
characteristics will be used for explaining boundary of forest area, land use area or
else.

2.2.3.2 Non-spatial data or attribute data is defined as specific
characteristic which is varied on purposes for explaining natural phenomena. This type
of data will be defined serving for a specific study in a specific period of time. The
data may be used for explaining some continuous characteristics i.e. rate of height or
even those which are not presented continuously i.e. the number of population and
types of plants covering soil surface etc. The rate of variedness expressed through non-
spatial data will be sealed in terms of numeric data which can be divided into 3 levels
as

1) The nominal level is a level used for explaining erodes data
gained from observation i.e. name of provinces etc. The data in nominal level are
managed simply without any mathematical calculation.

2) The ordinal level is a level used for explaining delicate-
complex data. The data shown in ordinal level are normally done through
mathematical calculation i.e. mean and data frequency etc.

3) The interval-ratio level is suitable for sealing the most
delicate-complex data. The data will be rated for comparing each other also
mathematical calculation is always used for managing data i.e. linear regression and

geometry mean etc.

2.2.4 The Step working on Geographic Information System
There are 4 steps on working with Geographic Information System as
follows (24):
2.2.4.1 Data input
Data Input is a process on transforming spatial data such as map

or data provided on pictures to be digital data through devices such as digitizer,
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scanner or even keyboard. This process is very important on data base provision in
GIS. If this process did completely means that data stored will be qualified to further
usage. The way on data input is depended on characteristics of data. Normally data are
two types as:

1) Vector data, The way to import this type of data is;

« Importing through Point Entities by using schedule only x and
y to indicate position of geographic data or any figures.

« Importing through Linear Entities, This way includes all types
of line and straight lines determined by schedule x and y more than two of couples.
The data suitable for importing through this way have to be data with start and end
points such as data about roads and rivers etc. For complex-continuous lines, the
number of schedule x and y will be “n” to explain such a line. These lines are such as
Arc line, Chain Line and String line which have to have a node for connecting and
recording data in each chain within one node.

+ Importing through Area Entities, This way will focus on
polygon for explaining topology characteristic of area. Polygon composes of shape
and neighbor which could be explained and calculated to be data expressing on map.

2) Raster data, The way to import this type of data is by
providing data in form of number, grid cells or pixels before taking in. There are three
ways to import the data as

+ Importing through Chain Codes by setting direction and the
number of grids according to the boundary of area clockwise.

« Importing through Run-length Codes by getting the number of
grids in each now from left to right. This way is suitable for micro computer which has
limitation on data storage.

« Importing through Block Codes by using grids for data in-
taking. In this way, each grid will be composed of sub-grids within cubic block. Block
Code is suitable for bringing all data to be continuous area.

2.2.4.2 Data management
Data management composed of the process on data storage, data

checking, data update as well as data retrieve. Data management also covers process
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on checking the right position of geographic schedule and constructing the relation
between spatial data attribute data.
2.2.4.3 Data manipulation and analysis
Data manipulation and analysis is a process on managing data to
serve objectives through using principles or any methods. The way to manage data
may use “overlay” method by bringing data more than two layers to overlay according
to conditions set. Examples are such as land-use map, road map, river map etc.
Moreover, this process can provide some spatial data such as area and length or even
statistical output.
2.2.4.4 Data output and representation
Data output and Representation is a process on showing results
from calculation or analyzing. The results could be shown in many ways such as
descriptive data i.e. table, report or even in form of graphic representation which can
show relationship of data clearly through figures such as bar chart, picture chart, linear

graph or thematic map. All of these are very beneficial for analyzing spatial data.

2.2.5 The benefit from the using of Geographic Information System
Benefit from the using of Geographic Information System can be
classified into two categories as follows.

2.2.5.1 Tangible benefit
1) Time saving in production and development
2) Better on planning
3) Time saving in administration and more effective
4) Better on information accessing

2.2.5.2 Intangible benefit
1) Better analysis, less time spent
2) Increase effectively in analysis
3) Better plan and decision will be easy to implement
4) Can provide better analyzed with more complicated system
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Studying on component of GIS, appropriate data for analyzing through GIS,
step of analysis and benefits gained from GIS provide researcher truly understanding
that GIS can analyze and manage spatial data effectively. Thus, this research is
applying GIS technique for evaluating drought risk in study area through estimating

concerned environmental factors.

2.3 The concept of spatial analysis techniques

2.3.1 Sieve analysis or sieve mapping (25)

It is a normal technique used as appropriate one for the development. Its
principles are the factors studies that dominate any development in terms of physical
aspects such as mountains, rivers, national parks etc. As it will veto any obstacles of
development, then the Area Analysis Technique can be used by assigning the
boundary of problems into the map. Furthermore, we can overlay each map so any
obstacles and limitation that beyond the assignment will emerge. So we call this

“Overlay Technique” as because it uses the continuous graphic to present.

2.3.2 McHarg’s technique (26)

It is a technique to find out an area analysis which is suitable for each
area by using overlay technique as same as Sieve Analysis. The difference will be only
McHarg’s Technique using different color or tone to indicate the data. There are many
alternatives as the consequence from the arrangement for each suitable area. Also,
there are some limitations of this technique such as it is very difficult to classify
different tone or colour if there are a lot of representative data presented in a map. Due
to human sight can only the best on classifying for 7 to 8 different colors or tones.

2.3.3 Threshold analysis
This technique will use to find out the minimum investment of
development. Its principles are that every area can not always have development
expansion but it will have their threshold point of development. This technique will
use transparent map of every threshold point such as recent land use and infrastructure

on marking for any non developing areas and any suitable areas for development with



Jiraporn Punprasit Literature Review / 22

out investment. Then the consequence will show the most appropriate areas in terms of
investment for development while the need on money is less. So this technique is

normally used in the urban planning.

2.3.4 Potential Surface analysis: PSA

This technique will help to find out the systematical potential areas for
each activity. It can tell how much potential of an area in terms of development.

The meaning of “Potential” was natural resources existing in the certain
area and did not or partially take for utilization. Such are still has the possibility to
develop for any purposes.

Rathbundit-Sathan (2529) mentioned that “Potential” was the hidden
condition, power or characteristics in any thing and it could be developed to be clearly
seen.

So of the area potential was important in order to know the situation of
land use which would lead to plan for the appropriate development for each land use.

Study of the area potential was important in order to know the situation
of land use which would lead to plan for the appropriate development for each land
use (27).

This method was discovered during the study of Nottinghamshire and
Derbyshire in 1969 and was applied for planning in 1969 and 1970.

The methodology for Potential Surface Analysis: PSA was an analysis
technique by using Sieve Analysis plus the systematic mathematics value for each area
the PSA was therefore, a technique for evaluation the potential of area to develop for
any activities. It also showed even the effects according to hypothesis and objective.

The analysis by PSA operated by combining related factors together to
find the appropriate site for a certain activity and corresponds to the target, The
measurement and assigned values of related factor in to map could be done as
followings:

1) Set the target of work

2) Objective correspond to the set target

3) Key indicator for the success

4) Set weighting values for each objective
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5) Area unit for the study

6) Collected data on table or calculated value of factors

7) Verified data for weighting score as mentioned in weighting value

8) Calculated final value of the study area from collected data for each
indicator mentioned in key indicator

By concept of weighting for factor, the mathematics model was applied
to calculate the average score of importance to be used for calculation the average
value of area at the cross-section of map area or unit combination to minimize the
duplication of data Criterion for weighting factor had its important score. High
importance get high score value while low importance get low score value. However,

the least weighting value was more than zero. The formula was written as

S:W1XR1j+W2XR2j+W3XR3j+...+WnXan

When S = Level of total score of factors
Wy to Wy, = Importance score of factor
Rijto Ryj = Score of sub factor j from factor 1 to n

Weighting important score of factors came from experts or related
academician in that field, covered all aspects including the quality to quantity.
Random for more than 20 experts to give weighting score were done according to

statistical process (28).

The Potential Surface Analysis; PSA could process by classifying data
into various different levels according to limitations and constraints the weighting
values were set in order, factor had more constraint the weight was low while if the
constraint score was highest. The total of weighting showed the potential of area, the

area with high score.

For this technique, it could be done manually or by computer. With
capacity of geographic information system, the overlay technique could quickly

process and get clearly result display.
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2.3.5 Mathematical model
There are 3 methods of studying in model application for land use
classification as follows.
1) Linear combination method
It uses the mathematical principles to assign the suitable areas by
applying weighting scale of each factor or resource analysis shown about the boundary

and potential areas. This method will create a map with rating procedures as follows.

Rating=W3; XxR1 + Wo X R, + W3 X Rz + ... + W, X R,
Wi +Wo+W3+ ... +W,

When W = weighting value of factors or resource
R = suitable value of factors or resource

1, 2,..., n= factors that are used for consideration or resource analysis

2) Nonlinear combination method
This method has the same principle as Potential Surface Analysis. It
is used for solving the problem of Linear combination method using in cases of
relationship among variables that can not be directly weighed. It is often found in the
cases of Runoff Prediction Map or Soil Loss Potential Map that have to assess with
others factors such as slope, crop density, land use characteristic, etc. This below is the

formula.
S=Wi XRi+Wo xR+ W3 xRz + ... + W, XR,

When S = Classified boundary
W = Value of factors affecting on area classification
R = Appropriated value of variables which affect on area
classifications
1, 2,..., n= factors that are used for classifying the area
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3) Explicit identification method, Factor combination type
It is a method that is constructed to avoid the complexity of Linear or
Non linear combination method by classifying the same potential areas into many
districts from weighting scale or from expertise (experience). Factor combination
method ignores any problem of relations in map making so it is not as good as
mathematical method. It is easier but need more time to make decision in cases of

classifying too many districts and forms, it may also call “Factor Analysis”.

Table 2-1 Strength-weakness of each method for area classification

Method Strength Weakness

1) Linear combination Open to include other factors to Limit in relation of variable
assess for destiny variables combination

2) Nonlinear combination Reduce the relations between Observer must have
variables and can replace Linear experience about related
combination variables

3) Factor combination Factors that used for consideration ~ Observer must have
are independent and easier experience about related
calculation variables

In order to assess drought risk area in Lop Buri province, Geographic
Information System by the technique of Potential Surface Analysis (PSA) is employed
to analyze and assess the study area. PSA is a method based on technique of overlay
by adding mathematical value for each area systematically. With this method,
weighting and rating for each variable are emphasized in order to provide area

assessment efficiently.

Weighting and rating method for eight variables as average annual rainfall,
frequency of rainfall days, slope, elevation, distance from irrigated area, volume of
groundwater, soil drainage and land use are mixed method by employing rate found
from multiple regression analysis, adding with opinions from experts and

representatives from concerned agencies.
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2.4 Related research

Department of Natural resource and Environmental Management, Faculty of
Agriculture, Naraesaun university (29) studied Geographic Information System (GIS)
application and Statistical method to find out drought risk areas in Pitsanulok province
by analyzing 4 factors that effect to drought such as rainfall, potential underground
water and water shed, distance from water resource and geography of soil. The results
make clear about the severe level of problem that helps scholars increase potential to
show problem status in studied areas. This brings benefits to related organizations to

prepare for appropriate problem management in drought areas.

Meteorological Department (30) studied about index of drought by using
rainfall decile method and compared the highest annual rainfall with lowest annual
rainfall. The result indicated that the annual lower than rainfall with lowest annual
rainfall. The result indicated that the annual lower than normal 10% was highest
drought and the annual lower than normal 15.1-25% was drought. From the analyzed,
in 1979 was the highest drought in many part of Thailand.

The rainfall decile of W.J.Gibles and J.V.Maher (1967) is the method to
calculate drought index by using only one factor, annual rainfall. The principle has
been stated as follow.

Ranging annual rainfall of the study area into 10 levels, the interval has been
set at 10% of Standard Deviation of frequency. Then arranged data in order and
calculate by square root to identification level of drought. The principle of rainfall

index, as the following:

Decile range 1 lower than 10% highest drought
Decile range 2 10%-20% drought

Decile range 3 20%-30% somewhat drought
Decile range 4-7  30%-70% moderate rain
Decile range 8 70%-80% somewhat well rain
Decile range 9 80%-90% rainy

Decile range 10 90%-100% heavy rain

Royal Rainmaking and Agricultural Aviation (31) was assessing the drought

area of Chengmai province by using the application of Geographic Information
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System. The studied factors consist of soil moisture data in 36 sample site at 3 soil
depth level; 30 cm.; 60 cm.; 90 cm.; which was related to the root zone, rainfall factor
in 23 sample site, contour, density of drainage, consumptive use, soil factors, land use
and boundary data, The factors were applied and analyzed by ILLWIS software which
was classified drought area into 4 levels; drought area, slightly wet area, moderately

wet and wet area.

Thailand Institute of Scientific and Technological (32) studied the assessing
the risk area of flooding and drought in central basin by using geographic information
system combine with weighting and ratting factors which consisted of average annual
rainfall, the day of rainfall, irrigation area, underground water, topography, available
to holding water of soil, density of rivers and basin area. The result was identified risk
area of drought into 4 levels; high risk area, moderate risk area, low risk area and no
drought area.

Chalermchai and Sununta (33) Studied on the evaluation of agricultural
potential in drought area by using Remote Sensing and Geographic Information
System, in Khon Kaen province. Data about the natural resource satellite, the site
survey, the soil map, the salt-soil affect distribution map, the intonation of rain and the
contour of topography were used. The study identified that the area by the potential of
agricultural area and the level of serious dryness area. The most serious drought area
was 39%, the moderate dryness are with plan table upland crops possibly planted was
8%, dryness area but rice or vegetable possibly planted was 35%, the well suit for rice
cultivation area was 4%, 12% of conservative or forest area and water resource was
2%.

Department of Computer Science, Faculty of Agriculture, Khon Kaen
University (34) studied on the evaluation of drought risk area by using remotely sensed
data and GIS, in Northeast Thailand. A set of these themes were studied and reviewed.
In terms of the water deficiency, these mainly include meteorological drought,
hydrological drought and physical drought. Meteorological drought was performed
using mean annual rainfall data of minimum 15 years record of 264 stations.
Hydrological drought was analyzed by overlay process of surface water, irrigated area,

density of stream within sub-watershed and ground water yield and quality. Physical
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drought was formulated from a combination of spatial information of landform,
drainage condition and land use by matrix overlay function. A number of theme layers
were extracted either mainly or partly from Landsat TM of December 1998, these
included surface water, land use, land form and drainage condition. In addition, the
other theme layers were derived from map produced by the governmental agencies.
Each of which is homogeneous area with respect to each of the drought layer, there are
then classified into 4 classes of drought risk: very mild, mild, moderate and severe.
The study indicated that high drought risk areas are found in the Southwest and
extended to Northwest of the region. The low risk areas are located along the Mekong
River. The study confirms that the model developed can greatly enhance drought risk

area mapping in the Northeast.

Suwaree Tantawiwat (35) studied about GIS application for assessing risk
areas of Chronic Arsenic disease by studying at amphur Ronpiboon, Nakorn
Sritammarat province. The study results show that there are some factors effecting to
the spreading of Chronic Arsenic disease in the studied areas which are composed of
geological and topological characteristics. These characteristics directly effect to the
accumulation of Arsenic disease. Geological, hydrology and hydro-geological
characteristics also effect to wash out and flow away of arsenic from origin place to
other studied areas. Mining factory stimulates the increased spreading of arsenic

accumulation.

Chirdchai Boonpitak (36) studies about appropriate technology to assess the
risk areas of silicosis by using GIS to analyze environmental factors involving with
stone dust (PM-10) which may increase the silicosis such as factors from geology,
topology, height of area, plant and land use, position of stone crushing mill, road
construction, rainfall, and small dust particle. This study used a comparison method in
terms of season to indicate direction and trend of risk. The study results reveal that
most risk areas locate nearby the stone crashing mill and road construction sites
having geological characteristic as sandstone. The result from this study can help for

providing more effective monitoring plan of silicosis prevention.

Natthawut Budhdee (37) studied about GIS application and remote sensing

for assessing the risk areas of forest fire in Doi Intanon National Park, Chiangmai



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 29

province. The study results found that the most risk factors for forest fire are direction
of slope, height, fuel volume, distance from water resource; the medium risk factors
for forest fire are differential plantation index and wet area index, and the lowest risk
factors for forest fire are distance from agricultural areas. From this study result can

help provide effective plans for forest fire prevention.

2.5 The study area

2.5.1 Administrative area
Lop Buri province is locate at the Central of Thailand on the latitude at
14 degree 37 minute to 15 degree 30 minute and longitude at 100 degree 25 minute to
101 degree 27 minute east. This province has an area of 6,502.71 km? more than 70
percent is plain, hill and mountain and about 30 percent is flood plain. Lop Buri
locates nearby other province as follows (38)(39)(40):
North  locating nearby Takpha and Tahklee district, Nakorn Savan
province and Sritep district, Phetchabun province.
South  locating nearby Ban Prak district, Ayudhya province and
Phraputhabart district, Nong Dorn district, Sarabui province.
East locating nearby Thepsatid district, Chaiyaphum province and
Dan Khuntod district, Nakorn Ratchasima province and Wung
Muang district, Sara Buri province.
West  locating nearby Maung Sing Buri district, Sing Buri province
and Takpha district, Nakorn Savan province, and Chaiyo

district, Ang Thong province.

The study area is classified according to 11 districts as Muang Lop
Buri, Ban Mi, Tha Wung, Tha Luang, Khok Samrong, Khok Charoen, Sra Bost, Chai
Badan, Phatthana Nikom, Nong Muang, and Lam Son Thi district (Figure 2-2).
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2.5.2 Topography
Data from Department of Topological Military in 1993 revealed that
Lop Buri province had alluvial plain with slope and hills. GIS estimation found that
plain is the most part of the province with the high 0-100 meters covering 4,321.66
km? while 0.5 percent of slope is 5,689.78 km? as shown in Table 2-2 and 2-3 (40).

Table 2-2 The elevation level in Lop Buri province

Elevation level (meters) Area (km?)

0-100 4,321.66
101-200 1,534.79
201-300 403.52
301-400 145.57
401-500 66.51
501-600 22.37
601-700 6.80
701-800 1.44
more than 800 0.05
Total 6,502.71

Remark: The area from GIS analysis

Table 2-3 The slope gradient in Lop Buri province

Slope gradient Area (km?)
0-5% 5,689.78
5-10 % 208.23
10-15% 151.76
15-20 % 135.76
20-25 % 121.81
25-30 % 89.51
30-35 % 52.58
more than 35 % 53.29
Total 6,502.71

Remark: The area from GIS analysis
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2.5.3 Land form

If we consider land form of Lop Buri province from satellite image,
aerial photography and provincial map accompanying with land height data from sea
water level, the and slope can be classified into 2 main categories as follows (38):

1) Plain with hills and mountain, these areas are approximately 70
percent of Lop Buri province. It is higher than sea water level about 40 to 600 meters
and slope gradually being high from West to East.

2) This is a floodable area covering two areas of watershed as Lop Buri
river and Pasak river plain. They are in Ban Mi and Tha Wung district; northern side
of Khok Samrong district and western side of Muang Lop Buri district. These areas
are about 25 percent of Lop Buri province and locate 2 to 20 meters above sea water
level. Pasak river plain has noodle shape from north to south by 5 percent of Lop Buri
province and locate 25 to 60 meters above sea level.

Besides of above land form, Lop Buri province also has rivers, hill, and
mountain as follows.

Lop Buri river is divided from Chao Phrya River at Mong Mu sub-
district, Muang Sing Buri district, Sing Buri province. The river flows to eastern into
Tha Wuung and Muang Lop Buri district, then joins with Pasak River at Ayudhya
district before flowing to Chao Phrya River. Its length is 95 kilometers and it is a very
important river for the west side of Lop Buri as agricultural areas.

Pasak river has origin from Phetchabun hill at Dansai district, Loei
province. The river flows through Lomkal and Lomsak district, Phetchabun province
into north side of Chai Badan, Tha Luang, and Pattana Nikom districts. Its length is
513 kilometers and it is a very important river for the east side of Lop Buri agricultural
areas.

Hill and mountain can be easily found from east side areas that locate
nearby Chaiyaphum and Nakorn Ratchasima province. There are Punghey and Haey
Tabua mountains as a boundary line of two provinces. The opposite side of Punghey
mountain is Luang hill (about 382 meters height) as the highest hill in Lop Buri

province or about 721 meters while Potch hill, the second one is 675 meters height.



Jiraporn Punprasit Literature Review / 32

2.5.4 Climate

Lop Buri province has Tropical Monsoon Climate so the temperature
being in high level for all year. April is the hottest month in Lop Buri province that the
average temperature is about 39.8 °C. Also December is the coldest month that the
average temperature is about 13.4 °C (38) with amount of rainfall in 1995-1999 being
in range of 850.5 millimeters to 1,401.5 millimeters on 109 rainy days. The least
amount of annual rainfall appeared in 1997 was 850.5 millimeters on 88 rainy days.
The most rainfall appeared in 1999 was 1,317.3 millimeters as 122 rainy days.

There are three seasons in Lop Buri province as (38)(39):

Summer Between March and May, Hot and drought weather

Rainy Between June and October, Humid and rainy affected

from West- Southern Monsoon
Winter Between November and February, Cold and dry affected

from North-Eastern Monsoon

2.5.5 Water resources
1) Watershed
Data from Office of Natural Resources and Environment Policy and
Planning in 2001 showed that Lop Buri province locates on two main watersheds as
Pasak and Chao Phrya as shown in Table 2-4 (40).

Table 2-4 Watershed area in Lop Buri province

Watershed name Sub-watershed name Area (km?)
Choa Phrya Choa Phrya alluvial plain 3,356.18
Pasak 3" part of Pasak River 3,146.53
Total 6,502.71

Remark: The area from GIS analysis

2) Surface water
Data from Department of Topological Military in 1993 mentioned
that Lop Buri province had surface water both in natural and man-made scattering
throughout the province as perennial lake, double line stream, reservoir man-made,
and irrigation structure and not specify. Totally, Lop Buri province has surface water
by 179.72 km? as shown in Table 2-5. (40)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 33

Table 2-5 Surface water area in Lop Buri province

Type of water resource Area (km?)
Perennial lake 2.49
Double line stream 8.92
Irrigation structure 0.02
Reservoir manmade 143.66
Not specify 24.63

Total 179.72

Remark: The area from GIS analysis

2.5.6 Natural resources

There are natural resources in Lop Buri province such as forest, wild
animals, mineral, etc. Details are as follows (38):

1) Forests in Lop Buri province can be classified into 3 categories as
dry evergreen forest, mixed deciduous forest and red wood forest. Some woodland
areas are deforested by farmers for transforming to be charcoal. Lop Buri province has
4 National Parks about 1,775 km? as Subranka Forest, Chaibadan Forest, Wongperng-
Mongkom-Wongnarai Forest and Khoa Panead Forest. Most of them are degradable
forests while the most abundant one is Sub Ranka Forest in the areas of Bua Chum,
Nong yaito, Nasom, and Korank sub-district of Chaibadan district, Lam Sonthi,
Nongree, Kudtapetch, and Khoa Louk sub-district of Lam Sonthi district. The forest
covers area approximatey 398 km? as there are many species of plants such
as Otophora cambodiana, Shorea obtusa, Dipterocarpus obtusifolius, Dipterocarpus
uberculatus, Xylia xylocapa, Pterocarpus macrocarpus, Lagerstroemia cuspidata, and
bamboo, etc.

2) There are a lot of wild animals in Lop Buri province such as
elephant, tiger, wild buffalo, barking deer, deer, wild boar, gibbon and monkey.
Because deforestation in most forestry areas made extinction of some species so there
is only 1 Wildlife Reserve Sanctuary in Subranka Forest and 1 Non-Hunting Area in
khoa Samyord.

3) There are some mineral in Lop Buri province as follows.
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+ Quartz is mineral that consists of igneous rock and granite rock.
The strength of these rocks at level 7 can mark on mirror. They are usually found at
Khao Lam, Khok Samrong district, and Khao Prangam, Muang Lop Buri district.

+ Iron can usually be found at Khao Tubkwai, Khok Samrong. It is
consisted of hematein and Magnetite. Their strength are around level 5-6.

+ Copper can usually be found at Khao Praputhabartnoi, Muang Lop
Buri district and Khao Wong Prachan, Koksumrong district.

+ Alumina clay can usually be found at Ban Hin Songkorn, Ban
Takae, Ban Tasala, Muang Lop Buri district. It is consisted mainly of Calcium
Carbonate.

Besides that there are a lot of other natural resources in Lop Buri

province such as marble, lime stone, gypsum, phosphate, etc.

2.5.7 Land use
Data from Land Development Department in 1993 and 2001 mentioned
that Lop Buri province consist of agricultural land, forest land, urban and built-up

land, water body and miscellaneous land as shown in Table 2-6. (40)

Table 2-6 Land use type in Lop Buri province

Land use Rread™y)
1993 2001
Agricultural land 5,068.06 4,880.34
Forest land 668.06 956.34
Urban and built-up land 252.11 410.08
Water body 43.84 192.52
Miscellaneous land 470.64 63.43
Total 6,502.71 6,502.71

Remark: The area from GIS analysis

2.5.8 Population
Lop Buri province has 760,854 population at December 31, 1999 as male
by 386,296 and female by 374,558 (Table 2-7). The district of having most population
is Muang Lop Buri by 254,542 and the second is Chai Badan by 89,028. Khok

Sumrong is in the third rank as 88,308 of population while the densest district is
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Muang Lop Buri by 450 persons per km? the second is Tha Wung district by 209
persons per km? and Ban Mi being the third by 148 persons per km?. (5)

Table 2-7 Population in each district of Lop Buri province identified by gender

Amount (person)

District
Male Female Total

Muang Lop Buri 386,296 374,558 254,542
Phatthana Nikom 135,705 118,837 58,202
Khok Samrong 28,800 29,402 88,308
Chai Badan 43,969 44,339 89,028
Tha Wung 44,261 44,767 50,808
Ban Mi 24,506 26,302 87,129
Tha Luang 42,757 44,372 27,186
Sra Bost 13,607 13,579 22,082
Khok chareon 10,956 11,126 23,789
Lam Sonthi 11,973 11,816 25,136
Nong Muang 12,599 12,537 34,644

Total 17,163 17,481 760,854

Source: Department of Provincial Administration
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CHAPTER I
RESEARCH METHODOLOGY

This study is an applied research by employing Geographic Information
System (GIS), spatial analysis technique and regression analysis to assessed drought
risk area in Lop Buri province. This study is emphasizes on environmental factors

influencing drought risk. Tools equipment and method are as follows:

3.1 Tools and equipment

3.1.1 Data
In order to study environmental factors affecting to drought risk, two
types of data are needed. The first one is primary data the researcher collected them by
interviewing with 46 experts and governmental officers in 22 concerns agencies. The
secondary data are needed also as they include fundamental data collected from many

various agencies. Details of data and their sources are provided in Table 3-1 below.

Table 3-1 Data and their sources

Data type A o
: .| Original Digital
Data type Spatial Additional
sources sources
data data
1. Administrative area | & Polygon ¢ Name o Department of o Department of
¢ Province, District, Provincial Environmental
Sub-district Administration Quality Promotion,
2005
2. Meteorology ¢ Polygon | & Volume o The Meteorological | e Interpolate by GIS
& average annual Department of Analysis, 2005
rainfall Thailand
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Data type . .
Original Digital
Data type Spatial Additional
sources sources
data data
o frequency of ¢ Polygon | & Days o The Meteorological | e Interpolate by GIS
rainfall days Department of Analysis, 2005
Thailand
3. Topography
+ Slope o Polygon | & Percent o Department of o Department of
+ Elevation ¢ Polygon | e Level Topological Environmental
Military Quality Promotion,
2005
4. Hydrology
& Irrigation area ¢ Polygon | & Name + Royal Irrigation # Department of
Department Environmental
Quality Promotion,
2005
& Water body ¢ Polygon | & Name # Department of
Topological
Military
5. Hydrogeology
+ Volume of ¢ Polygon | & Volume # Department of o Department of
groundwater Groundwater Groundwater
Resources Resources, 2005
6. Pedology
¢ Soil drained o Polygon | & Type ¢ Land Development o Department of
Department Environmental
Quality Promotion,
2005
7. Land use o Polygon | Type of landuse | & Land Development o Department of
+ Paddy field Department Environmental
# Field crops Quality Promotion,
# Orchards and 2005
Parennial crops
o Forest land
+ Miscellaneous
land
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3.1.2 Hardware: Hardware for this study composes of
1) Personal computer (PC) for data storing and processing
2) Digitizer
3) Printer
4) Diskette, CD-ROM

3.1.3 Software: Software composes of
1) GIS software: ArcView version 3.3 and ArcGIS version 9.1
2) Statistical software: SPSS version 11.0
3) Microsoft Office 2003

3.2 Method

The study of Geographic Information System for drought risk area
assessment by regression analysis in Lop Buri province was six procedure consist of
1) environmental factor classification 2) data manipulation 3) Data analysis 4)
Drought risk area classification 5) validity 6) data presentation. The procedure of this

study was show in figure 3-1.

3.2.1 Environmental factor classification
Geographic Information System application for drought risk is
assessment in Lop Buri province can explain the relationship between environmental
factors and drought risk. Factor classification is the step which should be done
academically in order to set weighting and rating of each factor in the research. These

bellows are factors for classification.

1) Slope
Slope is physical characteristic which is very important due to it
directly relates with soil drainage in both surface and underground drainages.
Normally, surface runoff is in the high-speed on steep slope than water penetration
into underground is less accordingly. Thus, steep slope tends to have low moisture.

For this study, slope classifications are 5 groups as (41).
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+ Nearly flat plain (slope 0-3%)
+ Undulating (slope 3-8%)

+ Rolling (slope 8-16%)

+ Hill (slope 16-30%)

+ Steep (slope more than 30%)

2) Elevation

Elevation means vertical height of the area. Elevation is the
important physical aspect as same as slope as high elevation are tends to have less in
moisture than in low elevation area. The reason is because human can live in
troposphere, the lowest level of atmosphere in the earth, In troposphere, every 100
meters of height, temperature declines by 1 °C (42). Then the higher area means higher
in drought risk than low land area. This study classifies elevation of the study area into
5 levels as.

+ Elevation level < 200 meters

+ Elevation level >200 — 400 meters

+ Elevation level > 400 — 600 meters

+ FElevation level > 600 meters

3) Irrigation area

Irrigation area factor is selected into the model based on the fact that
in every irrigation area, water from irrigation is started for consumption and
agricultural purposes. With this case, people live in irrigation area have to have more
water besides of water from natural sources. Then areas locating near irrigation site
tend to have low risk on getting drought (32). In this study, irrigation area is classified
into 5 levels as (41)

+ Inside irrigated area

+ Distance of irrigated area < 2 kilometers

+ Distance of irrigated area > 2 — 4 kilometers

+ Distance of irrigated area > 4 — 6 kilometers

+ Distance of irrigated area > 6 kilometers



Jiraporn Punprasit Research Methodology / 42

4) Volume of groundwater
Groundwater is beneficial water source for human being. The

Groundwater Act B.E. 2520 defines that groundwater is water storing in soil level,
gravel level or stone level underneath soil surface more than 10 meters (43). Volume
of ground water is depended on hydrogeology characteristic of the area. In case of
drought, having no rainfall for many consecutive months, groundwater is the very
important source for being substitute water on drought risk in any area. This study
classifies groundwater releasing into 4 levels as (44):

¢ Volume of groundwater < 2 m*/hr

+ Volume of groundwater > 2 - 10 m’/hr

¢ Volume of groundwater > 10 - 20 m’/hr

o Volume of groundwater > 20 m’/hr

5) Soil drainage

Soil drainage or water carrying capacity of soil is one important
factor identifying soil capacity. Well drained soil or low capacity on water carrying of
soil means high risk to get drought of the area than other areas of poorly drained soil.
This study identifies soil drainage into 6 groups as follows (41).

+ Well drained

+ Somewhat excessively drained

& Moderately well drained

+ Somewhat poorly drained

+ Poorly drained

+ Very poorly drained

6) Average annual rainfall

Average annual rainfall is significant factor affecting to drought risk
as the high volume of average annual rainfall in any area means such area tends to
have low risk on getting drought. On contrary, the area of low volume of average
annual rainfall tends to get drought in higher risk (32). Nowadays, Thailand uses only
rainfall volume to be an indicator or assessing drought as rainfall volume is the best
factor providing exactly on rainfall condition and drought. Moreover, the volume of
rainfall can predict drought risk better than other meteorological factor (45). In this

study, average annual rainfall factor is classified into 5 groups as follows (41).
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+ Average annual rainfall < 1,000 mm/year

+ Average annual rainfall > 1,000 — 1,200 mm/year
# Average annual rainfall > 1,200 — 1,300 mm/year
+ Average annual rainfall > 1,300 — 1,400 mm/year

+ Average annual rainfall > 1,400 mm/year

7) Frequency of rainfall days

Frequency of rainfall days is one factor influencing to drought in the
same direction with average annual rainfall factor. Normally, area of high frequency of
rainfall days tends to have less chance to get drought than those areas of low
frequency of rainfall day (32). Frequency of rainfall days in this study is classified into
4 groups as follows (41).

+ Frequency of rainfall days < 60 day/year

+ Frequency of rainfall days > 60 — 70 day/year

+ Frequency of rainfall days > 70 — 80 day/year

+ Frequency of rainfall days > 80 — 100 day/year

+ Frequency of rainfall days > 100 day/year

8) Land use

Each type of land use can provide difference in soil moisture also.
For example, non-shed leave forest tends to have more moisture in soil than land area
of shed-leave forest. Then, this research intends to study land use type and its effect on
getting drought. Thongmee and Vannaprasert (1990) (43) provided comparative study
in soil loss and surface water runoff through each type of land use. The study found
that the lowest rate of soil loss and surface water runoff was in forest land, following
by forest land with field crops, field crops and vacant land respectively. The reason
was because forest land slightly destroyed surface soil by comparing with other types
of land use. Furthermore, forest land normally had brushes covering soil surface and
accepting some rainfall water on crashing directly to soil surface. Then runoff in forest
land was quite low. Anyway, this study identifies land use into 5 types as follows.

+ Paddy field

+ Field crops (cassava, corn, sorghum, sugarcane, soy and others)

¢ Orchards and Parennial crops (coconut, eucalyptus, teakwood)
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+ Forest land (Shed-leave forest, non-shed leave forest and forest
garden)
+ Miscellaneous land (grassland, shrub, alluvial plain, laterite pond

and mine)

3.2.2 Data manipulation

After classitying all factors of the study, factor data are stored in terms
of coverage in order to be convenient for further step of study. Data preparation in
form of Raster data is the next step for analyzing. The reason to store data in form of
Raster data is for providing data in accordance with data base. Data collection in this
study is in 2 forms as follows.

3.2.2.1 Spatial data are in term of Map Layer on scale 1: 50,000.
Database for the spatial data is followings.

1) Meteorology database

o Average annual rainfall: Average annual rainfall is
measured through volume of rainfall in 34 meteorological stations throughout
Thailand. Data on average annual rainfall are collected back to 30 years ago, since
1975 — 2004. Inverse Distance Weighted (IDW) in scale of 1: 50,000 are employed for
manipulating average annual rainfall time.

o Frequency of rainfall days: Frequency of rainfall days is
calculated the number of rainfall days in each year by 34 meteorological stations
throughout Thailand. These data are calculated back to 30 years ago or same as
average annual rainfall. Inverse Distance Weighted (IDW) is provided for
manipulating frequency of rainfall days line map in scale of 1:50,000.

2) Topography database

# Slope is calculated from elevation surface data in order to
find percent of slope in the study area

+ Elevation is transformed data of contour line from 1:
50,000 geographic map of Department of Topological Military. Map transformation is
done by providing each elevation in to spot and then transforming such a spot into
surface map in one grid as equal to 1 km2. Inverse Distance Weighted (IDW) is

employed to estimate surface elevation.
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3) Irrigation area: This database provides Distance from
irrigated areas into inside irrigation area and outside irrigation area.
4) Groundwater database: volume of groundwater data
5) Soil drainage database. This type of data is employed from
soil map and the researcher divides soil drainage into 6 groups as well drainage,
somewhat excessively drained, moderately well drained, somewhat poorly drained,
poorly drained and very poorly drained.
6) Land use: This type of database provides characteristics of
land use in the study area.
7) Administrative area: The database includes data of provincial
area, district area, sub district area and village area.
3.2.2.2 Attribute data are composed of database expressing
characteristic of spatial data and stored in form of database tables.
3.2.2.3 Weighting and rating data: These data are gained from experts
and governmental officers opinions collected through questionnaire. Experts and
governmental officers have to analyze each factor first and then mark the score on the

range from 1-5 according to the importance of factor in assessing drought risk.

Part 1 Factor Weighting: Weighting is generated by comparing on
suitability or importance of each factor. Experts and governmental officers who are the
markers have to analyze each factor one by one on its appropriate and level of
importance on assessing drought risk. The score of weighting is range from 1-5 and

each level of score has meaning as follows (24).

Figure 3-2: Factor weighting

Score 5 means Factor is important for the study as it can generate very

high risk of drought
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Score 4 means Factor is important for the study as it can generate high
risk of drought

Score 3 means Factor is important for the study as it can generate
moderate risk of drought

Score 2 means Factor is important for the study as it can generate low
risk of drought

Score 1 means Factor is important for the study as it can generate very

low risk of drought

Part 2 Factor rating: This step is depended on emphasizing and rating
factors within the same group. For example, there are six types of slope factor. When
experts and governmental officers pointed out that steep is the most important factor
among other factors slope, to generate drought, then steep factor will gain the highest
score on rating more than other factors within the same group. On contrary, if experts
believe that nearly level is the low risk of drought, then nearly level is gained the very
low score by comparing with other factors within the group.

Factor rating is on the same scale of 1-5 as factor weighting as shown in

Figure 3-2

3.2.3 Data Analysis
Multiple Regression Analysis is employed to find out the relationship
between environmental factors affecting to drought risk (independent factors) and
drought risk (dependent factor). Stepwise Regression Analysis is also employed to
select one by one factor into the model for finding the suitable model forecasting

drought risk in the study area.

Data analysis is a process for assessing drought risk area by employing
all selected factors to analyze by statistical method. The expected output is appropriate
model for drought forecasting in different level. The step of data analysis is composed
of:

1) Factor relationship analysis: This step is to assess drought risk and
environmental factors through Multiple Regression Analysis by finding relationship
between dependent and independent variables and pointing out the effect of

independent variables to dependent variable. In dependent variables are composed of
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average annual rainfall, frequency of rainfall days, slope, elevation, distance from
irrigated area, volume of groundwater, soil drainage and land use. The relationship
found is beneficial for construct appropriate model for predicting drought risk in the

study area. The equation is as follows.

Y:b0+b1X1 +b2X2+b3X3+ b4X4+ b5 Xs +b6X6+b7X7+b8X8

when Y =  Risk value of drought

by = Constant Coefficient
of, D, . by, = Coefficient of independent factoriwherei=1, 2,.., k

X; = Frequency of rainfall days (day)
X, = Slope (percent, %)
X3 = Land use (type)
X4 =  Elevation ameters)
X5 = Distance from irrigated area (kilometers, km)
Xe = Average annual rainfall millimeters, mm)
X; =  Volume of groundwater m’/hr)
Xs = Soil drainage

2) When appropriate equation for predicting drought risk is found,
standardized coefficient (Beta value) in each factor will be analyzed by weighting and
rating one by one factor according to its significantly to the model. The rule for
selecting appropriate factor is that such a factor should be significant at statistical
level .05 measured by Partial F-test. Weighting value of each factor has to multiply by
its score rating gained from opinions of 46 experts and governmental officers. Total
score of each factor will be employed to assess drought risk area by GIS and overlay

technique. The equation is shown as follows.

S:W1XR1j+W2XR2j+W3XR3j+...+WHXan

where S = Efficient or risk level in study area
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Weighting of each factor

Rijto Ry = Score of sub factor j from factor 1 to n

3.2.4 Drought risk area classification
Classification for drought risk area is identified by group, based on
mean (X) of drought risk rate in the study area and standard deviation value (S.D.) to

set the range of each group of drought risk.

# The low risk area of drought, its value is less than X -SD
o The moderate risk area of drought, its value is between X —SD<S <X + SD
# The high risk area of drought, its value is more than X +SD

This study classifies drought risk level in the study area into three levels
as follows (32).

1) The High risk area of drought is the area locating in drought area on
sandy soil or sandy-coarse soil with fine texture or moderately fine texture. These
types of soil have low capacity on water carrying. Also the high risk area of drought
always has moderate volume of groundwater and locating outside irrigation area.

2) The moderate risk area of drought is area of small amount of average
annual rainfall. Soils have low capacity on water carrying. Normally, soil texture in
this area is well as black soil or black sandy soil. This area always has moderate
volume of groundwater and locating outside irrigated area.

3) The low risk area of drought is the area locating in zone of having
moderate amount of rainfall but soil in the area can carry water in moderate to high

level. Also this area locates in the area of moderate volume of groundwater.

3.2.5 Validity
After assessing and pointing out drought risk area and their level of
drought risk, result check process is needed in order to check that result from the
model is reliable or not by comparing with the real situation of drought in the study

area. The steps of result check are as follows:
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1) Compare the study result with drought reports on items of
agricultural loss, (area, crops and value of damage) and the number of household
facing with drought on 2004 of Lop Buri Disaster Prevention and Migration Office.

2) Compare the study result with drought risk area assessment report in
1992 of Lop Buri province done by Thailand Scientific and Technology Research

Institution.

3.2.6 Data presentation
1) Spatial data presentation is shown in terms of map. The maps
provide drought risk area in various level of severity also explain symbols through
ArcGIS version 9.1 program. In this study, maps will be provided in forms of
environmental factors map and drought risk area map.
2) Attribute data presentation is shown in explanation and tables also a

report.



Jiraporn Punprasit Result and Discussion / 50

CHAPTER IV
RESULT AND DISCUSSION

This research is for studying concerned environmental factors affecting to
drought in Lop Buri province by employing Geographic Information System (GIS)

and multiple regression analysis. Research findings can be provided as follows.

4.1 Environmental factors influencing drought

This part of data collected from concerned researches also experts, as well as
governmental officers in chart of drought in both Lop Buri province and in other
provinces. There are 22 concerned agencies with 46 governmental officer (Appendix
B) provide the data for this research through questionnaire (Appendix A). These
factors below are overview data for analyzing factors generating drought in the next
step.

4.1.1 Administrative Boundary: provincial boundary, district boundary, sub-
district boundary and village.

4.1.2. Topographical factor: slope and Elevation

4.1.3 Meteorological factor: annual rainfall average and frequency of rainfall
days

4.1.4 Hydrological factor: distance of irrigated area

4.1.5 Hydrogeological factor: volume of groundwater

4.1.6 Pedological factor: soil drainage

4.1.7 Land use factor: land use characteristics
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4.2 ldentification for environmental factors generating to drought

The findings from employing eight of environmental factors to describe

drought in Lop Buri province through applying GIS reveal outputs as follows.

4.2.1 Topographical factor
The topography as important factor for drought risk area assessment
can be classified into two aspects as follows.
1) Slope gradient
Slope classification is categorized by slope gradient into five levels
as 1) nearly flat plain (slope 0-3 %) 2) Undulating (slope 3-8 %) 3) Roll (slope 8-16
%) 4) Hill (slope 16-30 %) 5) Steep (slope > 30 %)

The study reveals that flat plain or nearly flat plain area (slope 0-3%)
covers the most part of area or around 5,516.91 km® (84.84%). Because of most part of
Lop Buri province is alluvial plain and flooded plain for two main parts as alluvial
plain in Lop Buri river and Pa Sak river then most part of study is plain with very low

slope.

The second coverage part of the study area is undulating area which
covers some areas of central part and eastern side part of study area by 327.87 km®
(5.04%). For Hill area (slope 16-30%) covers some areas of central part, southern part,
eastern part and southeastern part of the study area. These mountain slope areas are
close with borders of Chaiyaphom and Nakhon Ratchasima provinces which compose
of recumbent fold area with hillside and mountains for 318.41 km® (4.90%). The steep
area (more than 30 percent of slope) covers less part by only 99.71 km* (1.53%) as
shown in Table 4-1 and Figure 4-1.

Table 4-1 The Slope gradient in Lop Buri province

. Area
Slope gradient
km? Percent
<3% 5,516.91 84.84
>3-8% 327.87 5.04

>8-16% 239.81 3.69
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Table 4-1 The Slope gradient in Lop Buri province (Continue)

. Area
Slope gradient
km? Percent
>16-30% 318.41 4.90
>30% 99.71 1.53
Total 6,502.71 100

Remark: The area from GIS analysis

2) Elevation
Elevation of study area can be divided into 4 levels as 1) less than or
equal to 200 meters 2) more than 200-400 meters 3) more than 400-600 meters 4)

more than 600 meters.

The study reveals that main part of Lob Buri province is high < 200
meters above sea level or around 5,733.57 km® (88.17%). The second following is on
elevation of 200-400 meters covering 649.85 km® (10%). The elevation of 400-600
meters is the third group covering 107.69 km?* (1.65%) while the elevation more than
600 meters is the fourth one covering 11.60 km? (0.18%) as shown in Table 4-2 and
Figure 4-2.

Table 4-2 The Elevation level in Lop Buri Province

Elevation level Yo
(meters) km? Percent
<200 Sa7BREST) 88.17
>200—-400 649.85 10.00
> 400 - 600 107.69 1.65
> 600 11.60 0.18
Total 6,502.71 100

Remark: The area from GIS analysis
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4.2.2 Meteorological factor
1) Average Annual Rainfall: Average Annual rainfall is important
factor on generating drought since area of more average annual rainfall has less chance
on happening of drought by comparing with area of few average annual rainfalls (32).
The data shown in Table 4-3 express the average annual rainfall of the Metrological

stations in both study area and nearby areas.

The average annual rainfall is divided into 5 levels as 1) less than or
equal to 1,000 mm/year 2) more than 1,000-1,200 mm/year 3) more than 1,200-1,300
mm/year 4) more than 1,300 — 1,400 mm/year 5) more than 1,400 mm/year.

The study reveal that main area of Lop Buri province has average
annual rainfall by less than or equal to 1,000 mm/year covering the most part of the
province or around 3,221.06 km® (49.53%). This level of average annual rainfall
covers western side of study area in Khok Charoen, Tha Wung, Ban Mi, Nong Muang,

Sra Bost, Tha Luang, and Phatthana Nikom district.

Table 4-3 The average annual rainfall and frequency of rainfall days of rainfall

measurement stations in Lop Buri province and nearby provinces.

Frequency of Average annual
No. Station Name rainfall days rainfall
(day/year) (mml/year)
1 Ban Mi 64 905.29
2 Tha Wung 58 854.37
3 Khok Samrong 69 988.08
4 Phatthana Nikhom 74 980.77
5 Maha Pho sub-district, Srabost district 95 833.08
6 Chai Badan 76 1,191.47
7 Ban Chai Badan School 109 971.81
8 Khok Samrong Rice Research Station 89 1,014.96
9 Phra Phutthabat Field Crops Research Station 96 1,276.29
10 Lop Buri Self-Help Settlement 70 1,018.66
11 Tha Luang 93 976.15
12 Sra Bost 56 796.78
13 Khok Chareon 73 947.87
14 Sub Lanka National Reserved Forest 75 1,140.47
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Table 4-3 The average annual rainfall and frequency of rainfall days of rainfall

measurement stations in Lop Buri province and nearby provinces

(Continue)
Frequency of Average annual
No. Station Name rainfall days rainfall
(day/year) (mml/year)
15 Ban Nong Ma Kha School 65 865.09
16 Ban Wang Thong 71 1,097.43
17 Ban Lanka Prachasan School 60 1,029.51
18 Lam Son Thi district 83 1,524.16
19 Ban Khao Tambon School 38 469.41
20 Ban Sub Hin Khwang School 106 1,132.30
21 Ban Dan Thai Lom School 62 1,067.64
22 Ban Klong Zai Patthana School 81 1,040.15
23 Ban Thung Takaew School 90 1,044.02
24 Nam Tog Wang Kanlueng Plant Garden 114 1,021.87
25 Pang Hu Sua Animal Farm 78 980.90
26 Ban Khao Laem School 60 1,101.67
27 Ban Hua Lam School 76 1,115.27
28 Ban Pong Swong Khiriwan School 83 1,154.93
29 Kog Slung Witthaya School 86 907.95
30 Dilung Hospital Station 51 1,079.01
31 Nong Bua Hospital Station 64 1,041.44
32 Chong Salika Hospital Station 42 750.15
33 Juraporn Ratchwitthayalai School 48 1,239.10
34 Lop Buri 119 1,099.37
35 Bua Chum 129 1,092.60
36 Nakhon Sawan 121 1,090.51
37 Sing Buri 79 980.09
38 Ang Thong 90 1,111.32
39 Sara buri 78 1,179.86
40 Nakhon Ratchasima 129 1,011.23
41 Chaiyaphum 114 1,124.14
42 Petchabun 129 1,111.79

Source: The Meteorological Department of Thailand
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The average annual rainfall of 1,000-1,200 mm/year is the second part
of study area as it covers 3,056 km” (47%). This level of average annual rainfall
covers central and eastern sides of the study area in Chai Badan, Lam Son Thi, Tha
Luang, Phatthana Nikom district, also western side of Muang Lop Buri and Khok
Samrong district. The next is the average annual rainfall of more than 1,400
millimeters covering 97.83 km® (1.51%) especially in northern and eastern parts of
Amphur Lam Son Thi. The average annual rainfall of 1,200-1,300 mm/year cover
85.08 km® (1.31%) of southern part of Phatthana Nikom and Lam Son Thi district
while the average annual rainfall of 1,300-1,400 mm/year covers the least of study
area by 42.38 km” (0.65%) in some part of Phatthana Nikom and Lam Son Thi district
as shown in Table 4-4 and Figure 4-3.

Table 4-4 The Average Annual Rainfall in 30 Years in Lop Buri Province

Annual Rainfall Average Area
(mml/year) km? percent

< 1,000 3,221.06 49.53
> 1,000 - 1,200 3,056.36 47.00
> 1,200 - 1,300 85.08 1.31
> 1,300 — 1,400 42.38 0.65
> 1,400 97.83 1.51

Total 6,502.71 100

Remark: The area from GIS analysis

2) Frequency of rainfall days

Frequency of rainfall days is influential factor affecting to drought
since the more frequency of rainfall days means the less in drought. Then this study
collects concerned data of rainfall volume from The Meteorological Department of
Thailand from 1975-2004 measured by meteorological stations in both study area and
nearby provinces (Table 4-3). The frequency of rainfall days is divided into 5 levels as
1) frequency of rainfall day less than or equal to 60 days/year 2) more than 60-70
days/year 3) more than 70-80 days/year 4) more than 80-100 days/year 5) more than
100 days/year.
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The study reveal that most part of Lop Buri province has frequency
of rainfall days by more than 70-80 days, covering 2,848.30 km?” (43.80%) in northern,
central and eastern parts. These areas cover Khok Charoen, Khok Samrong, Nong
Muang, Phatthana Kikom district, and some parts of Muang Lop Buri, Chai Badan,
Tha Luang, and central part of Lam Son Thi district.

The next group is more than 80-100 days/year of frequency of
rainfall day which covers 1,647.68 km® (25.34%) in central part especially in Chai
Badan, Tha Luang, Sra Bost and western side of Phatthana Nikom as well as north
part of Lam Son Thi district. Furthermore, the frequency of rainfall day of 60-70
days/year covers 1,362.70 km® (20.96%) while frequency of rainfall day less than or
equal to 60 covers 432.49 km” (6.65%). The last group is frequency of rainfall more
than 100 days/year which cover the least of the study area by 211.48 km” (3.25%). The
coverage includes central part of Chai Badan and Muang Lop Buri and border part of

Chai Badan and Tha Wung district as shown in Table 4-5 and Figure 4-4.

Table 4-5 Frequency of Rainfall Days in 30 years in Lop Buri Province

Frequency of rainfall days Area

(day/year) km? percent

<60 432.49 6.65

>60-70 1,362.70 20.96

>70—-80 2,848.36 43.80

>80 —-100 1,647.68 25.34

>100 211.48 3.25
Total 6,502.71 100

Remark: The area from GIS analysis
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Figure 4-3 : Average annual rainfall map of Lop Buri province
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Figure 4-4 : Frequency of rainfall day map of Lop Buri province
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4.2.3 Hydrological factor
Hydrology is one among important factors for drought risk area
assessment. In this study, hydrological factor can be divided into 5 levels as 1) inside
irrigated area 2) distanced from irrigated area less than or equal to 2 kilometers 3)

more than 2-4 kilometers 4) more than 4-6 kilometers 5) more than 6 kilometers.

This study the finding reveals that most area of study locates from
irrigated area by more than 2-4 kilometers covering 1,832.56 km” (28.18%). The
second is areas locating less than or equal to 2 kilometers from irrigated area covering
1,529.01 km* (23.51%). The next following is areas locating more than 6 kilometers
covering 1,416.49 km* (21.79 %) while areas locating more than 4-6 kilometers
distanced from irrigated area are 1,355.12 km® (20.84%). The least part is area in
irrigation site as it covers only 369.53 km® (5.68%). The data are shown in Table 4-6
and Figure 4-5.

Table 4-6 Distance of Irrigated Area in Lop Buri Province

Irrigation Area Area
(kilometers) km? percent
Inside irrigated area 369.53 5.68
Distance from irrigated area <2 km 1,529.01 23.51
Distance from irrigated area > 2 - 4 km 1,832.56 28.18
Distance from irrigated area >4 - 6 km 1,355.12 20.84
Distance from irrigated area > 6 km 1,416.49 21.79
Total 6,502.71 100

Remark: The area from GIS analysis



Jiraporn Punprasit

Result and Discussion / 62

660000 690000 720000
[ [ [

- + + +

1740000

1720000

| i

1700000

Nakhonsawan

1680000

1660000

1640000

Petchabun

Sara Buri

Chaiyaphum

Nakhon

Ratchasima

Ll Ll v
720000

1620000

750000

Legend : Distance of irrigated area
D District
Inside irrigated area
Distance from irrigated area< 2 kilometers
- Distance from irrigated area > 2-4 kilometers
Distance from irrigated area > 4-6 kilometers

- Distance from irrigated area > 6 kilometers

Source : Department of Environmental Quality Promotion, 2005

s

05 0 10
P P Kilometeer's

Everest

Spheroid
(€ 5T R 1,000 meters UTM zone 47
Projection................. Transverse mercator
Position reference system.......Geographic
Input scale.......ooccviiiccninieinns 1: 50,000

Printed March 2006
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4.2.4 Hydrogeological factor
Hydrogeological factor in the study area is classified by volume of
groundwater due to the groundwater is natural water source people can use it for
alleviating drought. The volume of groundwater can be divided into 4 levels as 1) less
than or equal to 2 m’/hr 2) more than 2-10 m’/hr 3) more than 10-20 m’/hr 4) more
than 20 m’/hr.

The finding reveals the fact that most part of Lop Buri province has
groundwater volume more than 2-10 m’/hr covering 2,636.51 km” (40.55%). The
second is area of less than or equal to 2 m*/hr of groundwater volume which covers
2,290.55 km” (35.22%). The next one is area of more than 10-20 m’/hr of groundwater
volume which covers 1,370.38 km® (21.07%). This volume of groundwater is
scattering in many area of the province especially in southwest and southwest of the

study area.

The least area is area of more than 20 m’/hr of groundwater volume. It
covers 205.27 km” (3.15%), mainly in Tha Wung and eastern side of Phatthana Nikom
district. The data are shown in Table 4-7 and Figure 4-6.

Table 4-7 Volume of Groundwater in Lop Buri Province

Volume of Groundwater Area
(m*/hr) km* percent
<2 2,290.55 35.22
> 2-10 2,636.51 40.55
> 10-20 1,370.38 21.07
> 20 205.27 3.16
Total 6,502.71 100

Remark: The area from GIS analysis

4.2.5 Pedological factor
Pedological factor in this study is classified by soil drainage factor into
6 types as 1) well drained 2) somewhat excessively drained 3) moderately well drained

4) somewhat poorly drained 5) poorly drained 6) very poorly drained

The finding reveals that soil in Lop Buri province has high quality in
water drainage as well drained by 2,246.47 km® (34.55%). This type of soil is
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scattering in many areas of the province especially in central and southeast of the
study area. The next is moderately well drained soil which is scattering throughout the
study area particularly in eastern side of area as the location of Chai Badan, Tha Luang
and Lam Son Thi district. This type of soil covers the study of 2,073.44 km* (31.89%).
The somewhat poorly drained soil is the next group found in the study area of western
side in some areas of Ban Mi, Tha Luang, Khok Samrong, Sra Bost and Muang Lop
Buri district covering 1,029.58 km?” (15.83%).

Poorly drained soil is the next group found in the study area covering
799.69 km* (12.30%). Main areas of poorly drained soil are in western part of the Ban
Mi, Tha Wung and central part of Chai Badan district. Very poorly drained soil is the
last group covering the least land area only 44.17 km?” (0.68%) as shown in Table 4-8
and Figure 4-7.

Table 4-8 The soil Drainage in Lop Buri Province

Drainage Type Area
km? percent

Well drained 2,246.47 34.55
Somewhat excessively drained 287.13 4.41
Moderate well drained 2,073.44 31.89
somewhat poorly drained 1,029.58 15.83
poorly drained 799.69 12.30
very poorly drained 44.17 0.68
water resource 22.23 0.34

Total 6,502.71 100

Remark: The area from GIS analysis
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Figure 4-6 : Volume of groundwater map of Lop Buri province
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Figure 4-7 : Soil drainage map of Lop Buri province

1740000

1720000

1700000

1680000

1660000

1640000

1620000




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 67

4.2.6 Land use

Land use is one among important factors generating drought in the
study area due to each type of soil is different qualification in moisture reserve. Land
use in this research is divided into 5 types as 1) paddy field (field where paddy
seedling are transplanted, field where paddy seedlings are sawn without transplanting,
field of crop failure and field where paddy seedling are transplanted and grown by rain
water 2) field crops (cassava, corn, sorghum, sugarcane, soybean and mixed crop) 3)
orchards and perennial plant (tamarind, mango, coconut, orange, eucalyptus, teakwood
and pradipat pine) 4) forest land (deciduous forest, deteriorated deciduous forest, dry
evergreen forest, mixed deciduous forest and woodland) 5) other types of land use

(glassland, shrub, alluvial plain, laterite pond, mining)

The study found that field crops land is the most part covering northern,
southern and eastern parts of the study area by 3,290.48 km”* (50.60%). The next group
is paddy field which covers 1,503.56 km” (23.12%) especially in central and western
parts of the area. In Lop Buri province, the area in central and western parts are
alluvial plain of Lop Buri Pa Sak rivers where are important areas for agricultural
purpose. These areas are locations of Ban Mi, Tha Wung, some part of Sra Bost, Chai
Badan and Phatthana Nikom district. Forest land area is the next group covering
956.34 km® (14.71%). Main area of forest is in central and western part of the study
area due to these areas are reserved for being four national reserved forest as Khao
Panied national reserved forest in Khok Samrong district, Chai Badan national
reserved forest in Chai Badan district and Wangpeung-Muang Kom-Wang Narai
national reserved forest locating in Wangpeung sub-district, Khok Samrong and Tha
Luang district and Sub Lanka National reserved forest. The Sub Lanka national
reserved forest is the most abundant forest in Lop Buri Province locating in Chai
Badan and Lam Son Thi district. The other types of land use less land area by only
68.57 km? (1.05%) as shown in Table 4-9 and Figure 4-8.
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Land Use Type Area
km? percent

Paddy field 1,503.56 23.12
Field crops 3,290.48 50.60
Orchards and Perennial plants 76.03 1.17
Forest land 956.34 14.71
Miscellaneous land 68.57 1.05
Water resource 196.59 3.03
Urban and built-up land 411.14 6.32

Total 6,502.71 100

Remark: The area from GIS analysis
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Figure 4-8 : Land use map of Lop Buri province
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4.3 Forecasting model for drought risk area assessment

This step is done by bringing the weighting values gained from
questionnaires (Appendix A) to make approval by 46 experts and governmental
officers from concerned agencies. The approval and weighting values gained from
these persons would be analyzed further for finding forecasting model for drought risk
area assessment. The two steps of constructing a model are composed of 1) analysis
the relationship between environmental factors and drought risk 2) Forecasting models

for drought risk area assessment.

Frequency of weighting factors is a little bit different among experts and
governmental officers from concerned agencies but their opinions seem in the same

way. Opinions of all experts and governmental officers are shown in Table 4-10 below

Table 4-10 Frequency of weighting score from the experts and governmental officers

Weighting score of factors Number of
N 1 2 3 4 5 experts
1. Topography
+ Slope 3 6 15 17 5 46
+ Elevation 4 9 15 15 3 46
2. Meteorology
+ Annual rainfall average 1 1 5 5 34 46
+ Frequency of rainfall days 1 1 S 6 33 46
3. Hydrology
+ Distance of irrigated area 8 9 3 11 21 46
4. Hydrogeology
+ Volume of groundwater 2 3 6 29 6 46
5. Pedology
+ Soil drainage - 7 13 18 8 46
6. Land use characteristics
¢ Land use 1 5 6 20 14 46

Remark: Weighting score from questionnaire

Model construction is needed to show the relationship between independent
variables and dependent variable. The purpose of model provision is to forecast the
change of dependent variable when independent variables are changed. Whenever we
know value of independent variables, we can predict the value of change in dependent

variable also. In this research, dependent variable is risk value of drought while
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average annual rainfall, frequency of rainfall days, slope, elevation, distance of
irrigated area, volume of groundwater, soil drainage and land use are employed to the
model as expected independent variables. Multiple regression analysis is employed to
be method of studying by selecting one by one independent variable into forecasting
model through Stepwise Regression Analysis. The purpose of this research is for
finding the appropriate model for drought risk assessment in the study area. The

equation is provided as follows.

Y =Dby+ by Xj + by X5 + by X3+ bs Xyt bs X5 + bg X+ by X5 + bg Xg

when Y, =  Risk value of drought

bp =  Constant Coefficient
by, ba,..., bk = Coefficient of independent factoriwherei=1, 2,.., k

X1 = Frequency of rainfall days (day)
X, = Slope (percent, %)
X3 = Land use (type)
X4 = Elevation (meters)
Xs = Distance from irrigated area (kilometers, km)
X6 = Average annual rainfall millimeters, mm)
X; =  Groundwagter volume (m’/hr)
X3 = Soil drainage

4.3.1 Analysis the relationship between environmental factors and
drought risk
Analysis the relationship between dependent variable as drought risk
and eight independent variables through multiple correlation coefficient analysis
provides output that some independent variables have relationship with drought risk at
statistical significant level 0.01. These independent variables are frequency of rainfall
days (X)), slope (X;), elevation (X4), distance of irrigated area (Xs), and average
annual rainfall (X¢). Multiple correlation coefficient values of these variables and their

relationship are shown in Table 4-11.
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Table 4-11 The value of multiple correlation coefficient between independent

variables and drought risk

Factor Y X1 Xy X3 Xa Xs Xe X7 Xs
Y 1.000

X, -0.619**  1.000

X, 0.510**  0.056  1.000

X3 -0.160 0.149  0.358 1.000

Xy 0.543** -0.066  0.643** 0.249 1.000

Xs -0.484**  0.326* -0.181 0.080  -0.067 1.000

X -0.485**  0.836 0.184 0.220 0.109 0.159** 1.000

X -0.338* 0.434  0.089 0.362 0.090 0.390 0.466  1.000

Xs 0.325 0.087  0.577 0.491 0.578 -0.136 0.172  0.326** 1.000
X 1.740 4500  3.330 3.890 3.090 3.740 4520 3.740  3.590
SD 0.575 0.937  1.055 1.038  1.071 1.527 0.937 0929  0.956
Min 1.000 1.000  1.000 1.000  1.000 1.000 1.000  2.000  1.000

Max 3.000 5.000  5.000 5.000  5.000 5.000 5.000 5.000 5.000

Source: By data analysis
Remark: * statistical significant level .05

** statistical significant level .01

Output from multiple correlation coefficient analysis between eight
independent variables and drought risk reveals that average annual rainfall has positive
relation with frequency of rainfall days, slope, elevation, distance from irrigated area,
volume of ground water, soil drainage and land use. Frequency of rainfall days have
positive relation with slope, distance from irrigated area, volume of groundwater, soil
drainage and land use but having negative relation with slope. In concession, slope has
positive relation with elevation of the study area, volume of ground water, soil
drainage and land use but having negative relation with distance from irrigated area.
Furthermore, elevation has positive relation with elevation of the study area, volume
of groundwater, soil drainage and land use but having negative relation with distance
from irrigated area. While distance from irrigated area has positive relation with
volume of ground water and land use but having negative relation with soil drainage.

Volume of ground water has relationship with soil drainage and land use while soil
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drainage has positive relation with land use. Anyway, rates of relationship of all above
mentioned variables are quite low and some are very low or “relationship among
independent variables are low”. Exception is for average annual rainfall and frequency
of rainfall days which their relationship rates are high (R = 0.836). By the way,
Stepwise Regression Analysis does not delete an inappropriate variable out of process.
Then values from both types of variable employed into the process can provide us

completely of forecasting model.

4.3.2 Forecasting models for drought risk area assessment
When employing eight independent variables into Stepwise Regression
Analysis, the output shows that frequency of rainfall days (X;), which is employed
into the model with statistical significant level at .05 (F < 0.05), has negative

relationship with drought risk (Beta =— 0.619) as shown in model 1 as:

Y =3.448 - 0.380 X, (1)

In the first model, multiple correlation coefficient is 0.619 while
multiple coefficient of determination (R?) is 0.383. It means that drought risk (Y) can
be explained through independent variable of frequency of rainfall days (X;) by 38.30
percent whereas 61.70 percent left can be explained through other variables out of the
model. This model has standard error of the estimate for 0.457 and all statistical

outputs has been shown in Table 4-12.

Table 4-12 Statistical output of regression model 1

Unstandardized standardized

. Coefficients Coefficients .
Model Independent variable T Sig.
Std.
B Beta
Error
No. (Constant) 3.448 0.334 10.330 0.000
1 Frequency of rainfall days (X;) -0.380 0.730 -0.619 -5.227 0.000

R=0.619 R*=0.383 F=27.322 Sig. of F =0.000
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The second independent variable which is employed into the model 2 at
statistical significant level .05 (F < 0.05) is slope (X;). Slope has positive relationship
with drought risk in the study area (Beta = 0.546) as shown in the model 2 as:

Y =2.543 - 0.399 X, +0.298 X, 2)

In the second model, multiple correlation coefficient (R) is 0.825 while
multiple coefficient of determination (R?) is 0.680. It means that drought risk (Y) can
be explained through independent variable of frequency of rainfall days (X;) and slope
(X2) by 68.0 percent whereas 32.0 percent left could be explained through other

variables 0.332 and all statistical outputs have been shown in Table 4-13.

Table 4-13 Statistical output of regression model 2

Unstandardized Standardized
. Coefficients Coefficients .
Model Independent variable T Sig.
Std.
B Beta
Error
No. (Constant) 2.543 0.282 9.019  0.000
1 Frequency of rainfall days (X;) -0.399 0.053 -0.650 -7.524  0.000
2 Slope (X5) 0.298 0.047 0.546 6.326  0.000

R=0.825 R*=0.680 F=45.788 Sig. of F =0.000

The third independent variable employed into the model 3 at statistical
significant level 0.05 (F < 0.05) is land use (X3). Land use has negative relationship
with drought risk in the study area (Beta = -0.303) as shown in the model 3 as:

Y =2.896 -0.375 X; + 0.355 X, — 0.168 X3 3)

In the third model, multiple correlation coefficients (R) is equal to

0.871 while multiple coefficient of determination (R?) is 0.759. It means that drought
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risk (YY) in the study area can be explained through independent variable of frequency
of rainfall days (X), slope (X3) and land use (X3) by 75.90 percent whereas 24.10
percent left is from other variables outside this third model. Anyway, this model has
standard error of the estimate about 0.292 and all statistical outputs have been shown

in the model 3 in Table 4-14.

Table 4-14 Statistical output of regression model 3

Unstandardized standardized

Independent Coefficients Coefficients .
Model f N Sig.
variable
Std.
B Beta
Error
No. (Constant) 2.896 0.265 10.909 0.000
1 Frequency of rainfall days (X;) -0.375 0.047 -0.611 -7.972 0.000
A Slope (X,) 0.355 0.044 0.652 8.044 0.000
3 Land use (X3) -0.168 0.045 -0.303 -3.701 0.001

R =0.871 R*=0.759 F=44.105 Sig. of F = 0.000

The fourth independent variable employed into the model 4 at statistical
significant level 0.05 (F < 0.05) is elevation (X4). Slope has negative relationship with
drought risk in the study area (Beta = 0.275), as shown in the model 4 as:

Y =2.697-0.356 X; +0.260 X, —0.174 X3+ 0.148 X4  ------------ “)

In the fourth model, multiple correlation coefficient (R) is equal to
0.896 and multiple coefficient of determination (R?) is 0.803. It means that drought
risk (Y) in the study area can be explained through independent variables of frequency
of rainfall days (X,), slope (X;), land use (X3) and elevation (X4) by 80.30 percent
whereas 19.70 percent left is affected from other variables outside this fourth model.
By the way, this model has standard error of the estimate about 0.268 and all statistical

outputs have been shown in the model 4 in Table 4-15.
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Table 4-15 Statistical output of regression model 4

Unstandardized standardized
Independent Coefficients Coefficients .
Model ] T Sig.
variable
Std.
B Beta
Error
No. (Constant) 2.697 0.252 10.704 0.000
1 Frequency of rainfall days (X;) -0.356 0.043 -0.620 -8.199 0.000
2 Slope (X») 0.260  0.051 0.522 5.063 0.000
3 Land use (X3) -0.174 0.042 -0.402 -4.172 0.000
4 Elevation (X4) 0.148  0.049 0.269 3.008 0.004

R =10.896 R*=0.803 F=41.678 Sig. of F = 0.000

The fifth independent variable employed into the model 5 at statistical
significant level 0.05 (F < 0.05) is distance from irrigated area (Xs). Distance from
irrigated area has negative relationship with drought risk (Beta = -0.199) as shown in

the model 5 as:
Y=2817-0.315X; +0.225 X, —-0.161 X5+ 0.162 X4- 0.075 X5 --------- (5)

In the fifth model, multiple correlation coefficient (R) is equal to 0.914
and multiple coefficient of determination (R?) is 0.835. It means that drought risk (Y)
in the study area can be explained through independent variables of frequency of
rainfall days (X), slope (Xy), land use (X3), elevation (X4) and distance from irrigated
area (Xs) by 83.50 percent whereas 16.50 percent left can be explained through other
variables outside this model. This model has standard error of the estimate about 0.247

and all statistical outputs have been shown in the model 5 in Table 4-16 below.
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Table 4-16 Statistical output of regression model 5

Unstandardized standardized
Independent Coefficients Coefficients .
Model ) T Sig.
variable
Std.
B Beta
Error
No. (Constant) 2.817 0.237 11.896  0.000
1 Frequency of rainfall days (X;) -0.315 0.043 -0.514 -7.378  0.000
2 Slope (X,) 0.225 0.049 0412 4.569  0.000
3 Land use (X;) -0.161 0.039 -0.291 -4.162  0.000
4 Elevation (X,) 0.162 0.046 0.303 3.555  0.001
5 Distance from Irrigated area (Xs) -0.075 0.026 -0.199 -2.824  0.007

R=0.914 R*=10.835 F =40.609 Sig. of F = 0.000

The sixth independent variable employed into the model 6 at statistical
significant level 0.05 (F < 0.05) is average annual rainfall (X¢). Average annual
rainfall has negative relationship with drought risk (Beta = - 0.231) in the study area as

shown in the model 6 as:
Y =2.858-0.174 X; +0.224 X5, — 0.152 X5+ 0.183 X, - 0.087 X5-0.162 X5 ----- (6)

As shown in the sixth model, multiple correlation coefficient (R) is
equal to 0.924 and multiple coefficient of determination (R”) is 0.853. It can be
interpreted that drought risk (Y) can be explained by independent variables of
frequency of rainfall days (X,), slope (X7), land use (X3), elevation (X4), distance from
irrigated area (Xs) and average annual rainfall (Xs) by 85.30 percent whereas 14.70
percent left can be explained through other variables beside in this model. This model
has standard error of the estimate about 0.239 and all statistical outputs have been

shown in the model 6 in Table 4-17 below.
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Table 4-17 Statistical output of regression model 6

Unstandardized standardized

Independent Coefficients Coefficients .
Model ) T Sig.
variable
Std.
B Beta
Error
No. (Constant) 2.858 0.227 12.584 0.00
1 Frequency of rainfall days (X;) -0.174 0.077 -0.283 -2.265 0.029
2 Slope (X») 0.224 0.047 0411 4.768 0.000
3 Land use (X3) -0.152 0.037 -0.274 -4.071 0.000
4 Elevation (X4) 0.183 0.045 0.341 4.096 0.000
5 Distance from irrigated area (Xs)  -0.087 0.026 -0.231 -3.354  0.002
6 Average annual rainfall (Xg) -0.162 0.074 -0.264 -2.186  0.035

R=0.924 R*=0.853 F=37.835 Sig. of F = 0.000

Output from multiple regression analysis reveals that frequency of rainfall
days; average annual rainfall, land use and distance from irrigated area are
independent variables which generate negative relationship to drought risk while slope
and elevation can generate positive relationship to drought risk in the study area.
These findings are based on the fact that the more in average annual rainfall volume
means the less in chance of drought happening. In addition, type of land use can affect
to moisture reserved in soil simultaneously. On contrary, high slope can generate
drought risk easier than area of low slope. By the way, elevation is one important
factor as high elevation land tends to have less moisture in soil than land in low

elevation. Then high land has higher risk to get drought than low land significantly.

For factor of distance from irrigated area, it is based on the fact that short
distance site from irrigated area tends to have less chance for getting drought by
comparing with remote one. But the output shown in regression model 6 provides
controversial finding that long distance from irrigated area negatively relates to
drought risk. It means that areas nearby irrigated area tend to have high risk of getting
drought. It seems like this output is not accordance with the fact. When non
standardized coefficients (B value) of six dependent variables are compared, the

output shows that B of distance from irrigated area variable is less in value. Thus, it
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means that righteousness of model is slightly depended on distance from irrigated area
variable. In order to make reliability for forecasting model, distance from irrigated

area variable should be cut off from the model.

4.4 Analysis for drought risk area through Geographic Information System (GIS)

In order to assess drought risk area in Lop Buri province, Geographic
Information System by the technique of Potential Surface Analysis (PSA) is employed
to analyze and assess the study area. PSA is a method based on technique of overlay
by adding mathematical value for each area systematically. With this method,
weighting and rating for each variable are emphasized in order to provide area

assessment efficiently.

Weighting and rating method for eight variables as average annual rainfall,
frequency of rainfall days, slope, elevation, distance from irrigated area, volume of
groundwater, soil drainage and land use are mixed method by employing rate found
from multiple regression analysis, adding with opinions from experts and government

officers from concerned agencies. Details are provided as follows.

4.4.1 Weighting score through Multiple Regression Analysis

After setting eight environmental factors which influence to drought
risk to be independent factors, Stepwise Regression Analysis is employed to find the
relationship between those independent variables and dependent variable drought risk
in terms of predicted model. The findings from this step reveal that there are six
independent variables having strong relationship with drought risk at statistically
significant level 0.05 (F < 0.05). These six independent variables are average annual
rainfall, frequency of rainfall days, slope, elevation, distance from irrigated area, and
land use. The next step is done by employing Standardized coefficient (Beta value) of
six independent variables into the process of weighting. The outputs from weighting
step are as.

1) Topographical factor is measured through slope and elevation

factors. Slope weighting is equal 0.411 while elevation weighting is equal to 0.341
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2) Meteorological factor is measured through frequency of rainfall day
factor and average annual rainfall factor. Their weightings are 0.238 and 0.264
respectively.

3) Land use factor weighting is equal to 0.274

4) Hydrological factor is measured through distance from irrigated area,

it’s weighting is equal to 0.231. All weighting factors are shown in Table 4-18 below.

Table 4-18 Weighting score by Multiple Regression Analysis

Priority Factor Weighting
1 Slope 0411
2 Elevation 0.341
3 Frequency of rainfall day 0.283
4 Land use 0.274
5 Average annual rainfall day 0.264
6 Distance from irrigated area 0.231

Source: By Data Analysis

4.4.2 Rating score through experts and governmental officer’s advices
According to ask advising from 46 experts and concerned governmental
officers from 22 agencies on rating score for each factor, the results reveal that there is
a little bit difference on rating for each among experts and governmental officers. But

majority of them on rating in each factor is provided in Table 4-19.

Table 4-19 Frequency of Rating score from the experts and government officers

Rating Score of factors Number of
1 2 3 4 5 experts

Factor Criterion

1. Topography Slope

¢ Slope <3% 24 15 4 3 - 46
* Slope > 3-8% 4 34 4 4 - 46
* Slope > 8-16% 3 12 27 4 - 46
+ Slope > 16-30% 1 8 18 16 3 46

* Slope > 30 4 5 6 15 16 46
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Table 4-19 Frequency of Rating score from the experts and government officers

(Continue)
Rating Score of factors Number
Factor Criterion 1 2 3 4 5 of
experts
Elevation
¢ Elevation <200 meters 21 16 9 - - 46
+ Elevation > 200-400 meters 2 31 9 4 - 46
+ Elevation > 400-600 meters 2 13 13 6 2 46
+ Elevation > 600 meters 3 6 11 18 8 46
2. Meteorology ~ Annual rainfall average
+ < 1,000 mm/year - - 1 2 43 46
* > 1,000-1,200 mm/year 1 1 12 26 6 46
* > 1,200-1,300 mm/year 2 10 29 5 - 46
* > 1,400 mm/year 32 13 1 - - 46
Frequency of rainfall days
+ < 60 day/year - - 1 | 44 46
* > 60-70 day/year - 1 1 35 9 46
* > 70-80 day/year - 5 28 10 3 46
* > 80-100 day/year 1 29 12 4 - 46
* > 100 day/year 33 8 4 1 - 46
3. Hydrology Distance of irrigated area
* Inside irrigated area 36 6 1 - 3 46
# Distance of Irrigated area < 2 km 7 22 11 6 - 46
# Distance of Irrigated area > 2-4 km - 15 21 8 2 46
* Distance of Irrigated area > 4-6 km - 4 16 19 7 46
* Distance of Irrigated area > 6 Km 3 - 3 16 26 46
4. Hydrogeology Volume of Groundwater
e <2 m'/hr - 1 1 18 26 46
¢ >2-10 m’/ hr - 323 17 3 46
¢ >10-20 m’/ hr 1 26 17 2 - 46
* >20m’/ hr 24 20 2 - - 46
5. Pedology Soil Drainage
+ Well drained 3 1 4 14 24 46
+ Somewhat excessively drained 1 2 5 16 22 46
* Moderately well drained - 5 14 25 2 46
* Somewhat poorly drained - 15 26 5 - 46
* Poorly drained 4 35 5 2 - 46
* Very poorly drained 29 14 1 1 1 46
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Table 4-19 Frequency of Rating score from the experts and government officers

(Continue)

Rating Score of factors Number

Factor Criterion 1 2 3 4 5 of
experts

Land use

+ Paddy field 12 15 8 5 6 46

+ Field crops - 4 13 13 16 46

# Orchards and Perennial plants 2 16 23 3 2 46

+ Forest land 16 21 8 - 1 46

+ Miscellaneous land 7 15 15 8 1 46

Remark: Rating score from questionnaire

Rating score from experts and government officers are provided in

Table 4-20 below.

Table 4-20 Rating score of each factor for drought risk area assessment in Lop Buri

province
Factor Criterion Rating

1. Topography Slope
¢ Slope <3% 1.696
¢ Slope > 3-8% 2.174
+ Slope > 8-16% 2.696
+ Slope > 16-30% 3.261
+ Slope > 30 3.739
Elevation
¢ Elevation <200 meters 1.739
+ Elevation > 200-400 meters 2.326
+ Elevation > 400-600 meters 2.870
+ Elevation > 600 meters 3.478

2. Meteorology Annual rainfall average
+ < 1,000 mm/year 4913
* >1,000-1,200 mm/year 3.761
* >1,200-1,300 mm/year 2.804
+ >1,300-1,400 mm/year 2.196

+ > 1,400 mm/year 1.326
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Table 4-20 Rating score of each factor for drought risk area assessment in Lop Buri

Province (Continue)

Factor Criterion Rating
Frequency of rainfall days
+ < 60 day/year 4.935
* > 60-70 day/year 4.130
+ >70-80 day/year 3.239
+ > 80-100 day/year 2413
+ > 100 day/year 1.413
Distance of Irrigated area
¢ Inside irrigated area 1.457
+ Distance of Irrigated area < 2 km. 2.348
+ Distance of Irrigated area > 2-4 km. 2.935
+ Distance of Irrigated area > 4-6 km. 3.630
+ Distance of Irrigated area > 6 km. 4.304

4. Land use Land use characteristics

+ Paddy field 2.522
+ Field crops 3.891
# Orchards and Perennial plants 2.717
+ Forest land 1.891
+ Miscellaneous land 2.587

Source: By Data Analysis

Remark: Present only 6 factors which have already analyzed through Stepwise Regression Analysis due

to they are appropriate for forecasting drought risk in the study area.

4.4.3 Factor setting for masking inappropriate areas

Factors for masking some inappropriate areas in this study are water

body, urban and built-up land (village, institution land, industrial land and others)

4.4.4 Data Analysis

Data for drought risk assessment are employed from Table 4-20 and

overlay technique is used for rating drought risk from all factors. Weighting linear

total is provided in terms of equation shown as:
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When

SDA = (0.411x Ry)+(0.341 x Ry) + (0.283 x R3) + (0.264 x Ry)
+(0.231 x Rs)+(0.274 x Re)

SDA Suitability of Drought Area

R, = Rating Value of Criterion,

Therefore the equation used to calculate the potential score to assess

drought risk area shown in Table 4-21 below.

Table 4-21 Drought risk value of Lop Buri province

Factor Criterion Weighting Rating SDA
1. Topography Slope

+ Slope <3% 1.696 0.697
+ Slope > 3-8% 2.174 0.894
+ Slope > 8-16% 0.411 2.696 1.108
+ Slope > 16-30% 3.261 1.340
¢ Slope > 30% 3.739 1.537
Elevation
+ Elevation <200 meters 1.739 0.593
+ Elevation >200-400 meters 0.341 2.326 0.793
+ Elevation > 400-600 meters 2.870 0.979
+ Elevation > 600-800 meters 3.478 1.186

2. Meteorology

Annual rainfall average

+ < 1,000 mm/year 4913 1.297
+ >1,000-1,200 mm/year 3.761 0.993
+>1,200-1,300 mm/year 0.264 2.804 0.740
* >1,300-1,400 mm/year 2.196 0.580
+ > 1,400 mm/year 1.326 0.350
Frequency of rainfall days

+ < 60 day/year 4.935 1.397
* > 60-70 day/year 4.130 1.169
+ >70-80 day/year 0.283 3.239 0.917
+ > 80-100 day/year 2413 0.683

+ > 100 day/year 1.413 0.400
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Table 4-21 Drought risk value of Lop Buri province (Continue)

Factor Criterion Weighting Rating SDA
3. Hydrology Distance of Irrigated area
+ Inside irrigated area 1.457 0.337
¢ Distance of Irrigated area < 2 km. 2.348 0.542
+ Distance of Irrigated area > 2-4 km. 0.231 2.935 0.678
+ Distance of Irrigated area > 4-6 km. 3.630 0.839
+ Distance of Irrigated area > 6 km. 4.304 0.994
4. Land use Land use characteristics
+ Paddy field 2.522 0.691
+ Field crops 0.274 3.891 1.066
¢ Orchards and Perennial plants 2.717 0.744
+ Forest land 1.891 0.518
+ Miscellaneous land 2.587 0.709

Source: By Data Analysis

Remark: SDA defined as an identified mathematical formula that used to assess drought risk area

All factors in area are overlaid firstly then factors for making
inappropriate areas are overlaid. Secondly, drought risk values are disclosed as the
lowest value is 0.683 and the highest one is 1,276.392. Total value of all factors which
generate drought is classified into 3 levels. The level is set by mean value of risk in
drought risk area and ranges of risk value are provided by Standard Deviation (S.D.).

The ranges are identified into three groups as follows:
# The low risk area of drought, its value is less than X -SD
o The moderate risk area of drought, its value is between X—SD<S<X+SD

# The high risk area of drought, its value is more than X + SD

Classification of drought risk area is shown in Table 4-22
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Table 4-22 Classification of drought risk area

Total scores of all factors (SDA) Risk level
<74.268 Low

74.268 < S <326.024 Moderate
>326.024 High

Source: By Data Analysis

4.4.5 Drought risk area in Lop Buri province

Output from drought risk area assessment reveals that most of areas in
Lop Buri province has moderate risk of drought as the areas of total value being less
than 74.268 are 5,296.04 km” (81.44%). The next is areas of low risk of drought as
total scores of these areas are between 74.268 and 326.024, covering 334.39 km” (5.14
%). The last group is area of high risk of drought which its total score is more than
326.024, covering 232.08 km® (3.57%). Masking areas in this study cover surface
water source area, urban and built-up land of 640.20 km* (9.8%). Data are shown in

Table 4-23 and Figure 4-9.

Table 4-23 Output from drought risk area assessment in Lop Buri province

Level of risk Area (km?) Percent
Low 334.39 5.14
Moderate 5,296.04 81.44
High 232.08 3.57
Total 5,862.51 90.15

Remark: The area from GIS analysis
* Masking area in this study covering 640.20 km? (9.85% of the total area) such as water body,

urban and built-up land.

1) The low risk area of drought
The low risk area of drought covers 334.39 km”® (5.14%). Main areas of
low risk drought are in southern and central part of Lop Buri province also some areas
are close with border Nakorn Ratchasima and Chaiyaphum province. The lowest risk
area of drought is Chai Badan covering 173.68 km” (15.30 percent of the district area).
The next district following are Muang Lop Buri, Lam Son Thi, Tha Luang and
Phatthana Nikom district covering 78.40, 41.68, 12.82 and 10.56 km” consequently or
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being equal to 10.34, 7.80, 3.22 and 1.21 percent of area in each district (Table 4-24).
The result, which was determined by related factor in the low risk area of drought, was

indicated as follows:

Average annual rainfall in the low risk area of drought is around more than
1,000-1,200 mm/year, following by being less than or equal to 1,000 mm/year
Frequency of rainfall days is mainly around less than or equal to 60 days/year,
following by more than 80-100 days/year. In terms of topographical aspect, output
reveals that the low risk area of drought has slope around 0-3 percent, following by 3-
8 percent and 16-30 percent respectively. Elevation of the low risk area is around less
than or equal to 200 meters, following by more than 200-400 meters above the
moderate sea level. For hydrological aspect measured by distance from irrigated area
reveals that main area of low risk of drought is far from irrigated area for less than or
equal to 2 kilometers., following by more than 2-4 kilometers. In terms of land use, the
study reveals that the low risk area of drought mainly is paddy field, covering 130.71
km” (8.66 percent of the paddy field area). The second is forest land and field crops
area over 13.68 and 88.81 km” or 10.34 and 2.70 percent of each land use type
respectively (Table 4-25).

2) The moderate risk area of drought

The moderate risk area of drought covers the most part of Lop Buri
province by 5,296.05 km® (81.44%), scattering over 11 districts of the province. The
study reveals that Chai Badan is district of the highest risk on being moderate risk of
drought. This district of risk covers 849.39 km® (74.81 percent of the district),
following by Phatthana Nikom, Khok Samrong, Ban Mi, and Khok Chareon of
692.40, 652.11, 494.48 and 488.48 km? or 79.30, 92.53, 90.95, and 92.92 percent of
area in each district respectively. Moreover, Tha Wung is the district of the lowest risk
to get moderate risk of drought. This district covers 221.16 km* (88.16 percent of the
district area) (Table 4-24). The result, which was determined by related factor in the

moderate risk area of drought, was indicated as follows:

Average annual rainfall in area of moderate risk is approximately more
than 1,000-1,200 mm/year, following by less than or equal to 1,000 mm/year

Frequency of rainfall days is mainly around more than 70-80 days/year, following by
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days of more than 80-100 and 60-70 days/year respectively. In terms of topographical
aspect, measured by slope and elevation, the study finds that the moderate risk area of
drought mainly has slope around 0-3 percent, following 16-30 percent and 3-8 percent
respectively. Elevation of the moderate risk area is around less than 200 meters,
following by elevation of more than 200-400 meters from the moderate sea level. For
hydrological aspect measured by distance from irrigated area reveals that main area of
moderate risk of drought is distance from irrigated area for more than 2-4 kilometers,
following by more than 6 kilometers, less than or equal to 2 kilometers and more than
4-6 kilometers respectively. The study reveals that main area of the moderate drought
risk is for field crop, covering 3,003.84 km* (91.29 percent of field crops area). Paddy
field is the second one covering 1,364.08 km?” (90.72 percent of the paddy field area).
Forest land is the third one covering area of 817.13 km?” (85.44 percent of the forest
land). Deforestation in the study area has gradually changed abundant forest land area

into low qualified forest land. (Table 4-25)

3) The high risk area of drought

The high risk area of drought covers the less proportion of land area in Lop
Buri province only 232.08 km” (3.57%). The high risk area of drought is scattering in
northern, southern and northeastern areas of the province. The district of having the
highest risk to be drought area is Maung Lop Buri district, covering 69.54 km? (9.23
percent of the district area). The followings are Phatthana Nikom, Chai Badan and
Khok Chareon district, covering 39.44, 39.29 and 27.51 or equal to 4.52, 3.46 and 5.23
percent of area of each district respectively. The lowest risk district to be high risk of
drought is Tha Wung district, covering 0.08 km?® (0.03 percent of the district area)
(Table 4-24). The result, which was determined by related factor in the high risk area

of drought, was indicated as follows:

Average annual rainfall in the high risk area of drought is around less than
or equal to 1,000 mm/year, following by more than 1,000-1,200 mm/year. For the
frequency of rainfall days, it is mostly around more than 60-70 days/year, the
following by less than or equal to 60 days/year and more than 70-80 days/year
consequently. In terms of topographical aspect measured by slope and elevation, the

study output reveals that slope in the high risk area of drought is around 0-3 percent,
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second by slope of 3-8 percent and 16-30 percent respectively. Elevation in the area of
high risk is around less than or equal to 200 meters, second by more than 200-400
meters from the moderate sea level. For hydrological aspect measured by distance
from irrigated area, the study finds that main area of high risk is far from irrigated area
more than 6 kilometers and the following are being far from irrigated area around
more than 4-6 kilometers and less than or equal to 2 kilometers consequently. For land
use , field crops is the main part of having high risk of drought, covering 189.07 km®
(5.75 percent of the field crops area) while the second following are forest land and
others covering 39.64 and 2.76 km® (4.14 and 4.03 percent of each land use type)
while areas of orchards and perennial plants cover the less part of high risk of drought

by 0.25 km” or 0.33 percent of this area type (Table 4-25).

The risk area of drought is also classified into sub-districts for making

clear understanding as shown in Appendix C.

Table 4-24 Area and percentage of district area, identified by drought risk level

Area (km?) and percentage of district area, identified by drought risk level

District

Low risk Moderate risk High risk Total

Muang Lop Buri 78.40 379.61 69.94 527.95
(10.34) (50.09) (9.23) (100)

Tha wung 0.09 221.16 0.08 221.33
(0.04) (88.07) (0.03) (100)

Ban Mi 9.01 494 .48 11.39 514.88
(1.66) (90.95) (2.09) (100)

Nong Muang 0.00 43775 9.41 447.16
(0.00) (96.01) (2.06) (100)

Sra Bost 4.06 309.04 3.93 317.03
(1.26) (95.91) (1.22) (100)

Khok Samrong 2.03 652.11 5.82 659.96
(0.29) (92.53) (0.83) (100)

Khok Chareon 2.06 488.48 27.51 518.05

(0.39) (92.92) (5.23) (100)
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Table 4-24 Area and percentage of district area, identified by drought risk level

(Continue)
District Area (km?) and percentage of district area, identified by drought risk level

Low risk Moderate risk High risk Total

Phatthana Nikom 10.56 692.40 39.44 742.40
(1.21) (79.30) (4.52) (100)

Tha Luang 12.82 332.81 12.64 358.27
(3.22) (83.49) (3.17) (100)

Chai Badan 173.68 849.39 39.29 1,062.36
(15.30) (74.81) (3.46) (100)

Lam Son Thi 41.68 438.81 12.63 493.12
(7.80) (82.15) (2.36) (100)

F ol 334.39 5,296.04 232.08 5,862.51

(5.14) (81.44) (3.57) (90.15)

Remark: The area from GIS analysis
* Masking area in this study covering 640.20 km® (9.85% of the total area) such as water body,

urban and built-up land.

Table 4-25 Drought risk area assessment in Lop Buri province, identified by land use

Area (km?) and percentage of district area, identified by drought risk level
Land use type

Low risk Moderate risk High risk Total
Paddy field 130.17 1,364.08 0.36 1,494.61
(8.66) (90.72) (0.02) (100)
Field crops 88.81 3,003.84 189.07 3,281.71
(2.70) (91.29) (5.75) (100)
Orchards and 2.89 72.75 0.25 75.89
Perennial crops (3.80) (95.69) (0.33) (100)
98.85 817.13 39.64 916.70
Forest land
(10.34) (85.44) (4.14) (100)
Miscellaneous 13.68 38.25 2.76 54.69
land (19.95) (55.78) (4.03) (100)
334.39 5,296.04 232.08 5,862.51
Total
(5.14) (81.44) (3.57) (100)

Remark: The area from GIS analysis
* Masking area in this study covering 640.20 km” (9.85% of the total area) such as surface

water, urban and built-up land.
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Output found from studying the most relationship between three levels of
drought risk area and environmental factors affecting to drought reveals that distance
from irrigated area factor relates to three levels of drought risk area. Low drought risk
area normally locates short distance from irrigated area by less than or equal to 2
kilometers while the moderate drought risk area is always located on 2-4 kilometers
from irrigated area. In addition, high drought risk area normally locates more than 6

kilometers far from irrigated area as shown in Table 4-26.

Table 4-26 The most relationship between drought risk area and environmental factor

The most relationship between drought risk area and

Factor environmental factor
Low risk Moderate risk High risk
Slope
* Slope <3% v v v

+ Slope > 3-8%

+ Slope > 8-16%
¢ Slope > 16-30%
+ Slope > 30%

Elevation

¢ Elevation <200 meters v v
* Elevation > 200-400 meters v

+ Elevation > 400-600 meters

+ Elevation > 600-800 meters

Annual rainfall average

+ < 1,000 mm/year v
¢ >1,000-1,200 mm/year v v

*>1,200-1,300 mm/year

+ >1,300-1,400 mm/year

¢ > 1,400 mm/year

Frequency of rainfall days

+ < 60 day/year v

* > 60-70 day/year v
+ > 70-80 day/year v

* > 80-100 day/year

* > 100 day/year
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Table 4-26 The most relationship between drought risk area and environmental factor

(Continue)
The most relationship between drought risk area and
Factor environmental factor
Low risk Moderate risk High risk
Distance of Irrigated area
¢ Distance of Irrigated area < 2 km 4
¢ Distance of Irrigated area > 2-4 km v
¢ Distance of Irrigated area > 4-6 km v
¢ Distance of Irrigated area > 6 km
Land use characteristics
¢ Paddy field v
¢ Field crops v v

# Orchards and Perennial plants
+ Forest land

+ Miscellaneous land

Source: By data analysis

4.5 Discussion

4.5.1 Environmental factors influenced drought
After employing Stepwise Regression Analysis to find influencing of
environmental factor to drought, the result reveals that there are 6 factors directly
relating to drought risk in the study area at statistical significant level 0.05. These
findings could be explained that there is strong relationship among these factors but
forms of relationship have changed owing to contexts of time and place. Discussion is

provided as follows:

4.5.1.1 Average annual rainfall is the influential factor for setting
drought in any area due to the area of high average annual rainfall tends to have low
risk of drought also by comparing with area of low average annual rainfall. This study
found that high risk area of drought tended to have low volume in average annual
rainfall by lower than or equal to 1,000 mm/year. Finding from this study was
accordance with a research of Thailand Scientific and Technology Research Institute

which mentioned that the situation of little rainfall or no rainfall was mainly effect to
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drought area. Water shortage also affected to crop growth, farming, and livelihood of

people etc (32).

4.5.1.2 Frequency of rainfall days is one among important factors of
drought as same as average annual rainfall. This study found that the high risk area of
drought always had frequency of rainfall days more than 60-70 days/year while the
low risk area of drought had frequency of rainfall days more than 80-100 days/year.
The low risk areas had been found in the central part of the study area while the high
risk area of drought had been found in western part. This finding was accordance with
the study result of Thailand Scientific and Technology Research Institute which
mentioned that frequency of rainfall days directly affected to drought as in area of
much more rainfall days would have less chance on getting drought by comparing area

of less rainfall days (32).

4.5.1.3 Slope is a topography aspect influencing to drought. The study
of Thailand Scientific and Technology Research Institute mentioned that slope
affected to the water movement both surface and underground water. The water runoff
at the higher slope gradient was move rapid than lower slope gradient, thus the water
absorbed by soil was less than soil in the lower gradient. Besides, the water table of
the ground water at the high slope area was more depth and reduced faster than the
low area of flat plain (32). But the study result revealed that the low risk and the high
risk of drought always had slope less than or equal to 3 percent, following by the slope
more than 3-8 percent. The reason may be because of main area of Lob Buri province
is alluvial and flood plain whereas the area of hill and mountain is quite small, then the

study result was not accordance with the real situation.

4.5.1.4 Elevation is an important factor as slope due to the high
elevation area tends to have low in moisture. The theory of Global Change mentioned
that the lowest level of atmosphere in the earth is troposphere. The temperature in
troposphere level declines by elevation increasing. In dry atmosphere, temperature
declines by 1 °C of 100 meters elevation increasing. Then, the high land tends to have
high risk of drought than low land area (42). The study found that the high risk area

and the low risk area of drought normally had elevation less than or equal to 200



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 95

meters from contour of sea level. The reason may be because main area of Lop Buri
province approximately 88.17 percent, has less than or equal to 200 meters of
elevation from contour of sea level. The elevation of study area has gradually been

higher from western to eastern side.

4.5.1.5 Distance from irrigated area is hydrological factor affecting to
drought risk. The study found that the high risk area of drought always located far
from irrigated area more than 6 km. But the low risk area of drought always located
far from irrigated area less than or equal to 2 km. This finding was accordance with a
study of Thailand Scientific and Technology Research Institution which mentioned
that in irrigated area, irrigated water would be additional water for natural water, then
area nearby irrigated site tended to have low risk area of drought by comparing with

area outside irrigated site (32).

4.5.1.6 Land use type is one among important factor influencing to
moisture absorbing in soil differently. The study found that high risk area of drought
mostly had field crops covering soil surface whereas the low risk area of drought
mostly was paddy field. The reason may be because each plant needs water
consumption differently in volume. Thus, paddy field has more moisture in soil than
area of field crops. This finding is in accordance with the study of Artificial Rain
Office (under the royal patronage) and Agricultural Aviation Office on assessing
drought risk in agricultural area in Chiangmai province that the two major losses of
water from plant were evaporation and transpiration. Water consumption by plant
depended on type and percentage coverage by plant. If water consumption by plants
was more than the exist water, there was the water and moisture could be shortage.

When consumptive water was imbalance, there would be risk to be drought (47).

Anyway, even all factors above are employed into forecasting model of
drought risk assessment but for gaining output based on the fact, other concerned
factors should be employed also such as distance from irrigated area. Output from
analyzing reveals that short distance site from irrigated area tends to have low risk on
getting drought. By the way, in reality, even location is near irrigated area, but no
water in irrigated area can generate drought also. Thus, water volume shortage in

irrigated area should be employed into the model.
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In addition, there is an environmental factor which is not employed into the
model as volume of groundwater and soil drainage due to they are not significant at
statistically level 0.05 (F<0.05). The reason may be because volume of groundwater is
the second prioritized factor by comparing with average annual rainfall. Since average
annual rainfall is the most influential factor for getting drought then questionnaire
weighting value of it tends to be in chart among experts more than volume of
groundwater. As same as soil drainage factor, this factor is the second by land use,
then questionnaire respondents tend to give higher score for land use factor than soil
drainage factor. Besides, output from weighting is mainly from knowledge and

experience of the experts.

4.5.2 Comparison between drougth risk area assessed from the study and

real situation of drougtht in Lop Buri province
The drougth area report of Lop Buri Disaster Prevention and Migration
Office in 2004 of 8 districts as Muang Lop Buri, Ban Mi, Nong Muang, Khok
Samrong, Khok Chareon, Phatthana Nikom, Chai Badan and Lam Son Thi district
revealed that Ban Mi district was the highest level of drougth. The drougth area in Ban
Mi district covered agricultural land areas (paddy field, field crops, and perennial
plants) for 60 km” or 23.83 percent of the distirct area. The second from Ban Mi was
Phatthana Nikom, Nong Muang and Khok Samrong district, covering agricultural land
areas for 132.20, 123.58 and 80.78 km?® or 15.14, 27.10 and 11.46 percent of the
district area respectively. On contrary, the lowest level of drought was in Muang Lop
Buri district as it covered agricultural land area by 6.4 km® or 0.84 percent of the
district area. Furthremore, drought risk classification into 3 levels of risk as the high
risk area of drought, the moderate risk area of drougth and the low risk area of
drougth, classified by the number of villages getting drought and approximate properly
loss, provided the interesting finding that the districts of low risk area of drought were
Phatthana Nikom, Chai Badan and Nong Muang district. There were 54,118 and 66
villages of these districts confronted with drougth by 21,929,102, 21,855,265 and
21,837,823 baht of properly loss respectively. The moderate risk area of drougth were
Khok Chareon, Khok Samrong, and Lam Son Thi district with 31,129 and 35 villages
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getting loss of 12,866,584, 5,629,338 and 5,472,949 bahts by drougth. The low risk
area were Amphur Ban Mi and Amphur Muang Lop Buri which there were 54 and 46
villages getting loss by 2,000,000 and 1,156,000 bahts respectively (Table 4-27).

Comparative study of drought risk area from the study and real situation
report provides output in the same direction. It means that there is reasonable and
reliable concept on employing concerned enivironmental factors into the model of
study. The output from comparative study point out that Geographic Information
System can be applied on drought risk area assessment. Moreover, drought risk area
map could be beneficial for providing prevention strtegies to protect Lop Buri
province from severe drougth effectively in the future. For some areas which results
from studying are not accordance with the real situation, the reason may be because
data in this study are collected in level of district. But data in real situation are
provided in level of villages. Then the difference in output may occur due to there are
some unclear data in district level. Furthermore, there are many variables which are
not employed into the model. Anyway, the comparative study has still needed due to

reliability of finding is really need to prove.

Table 4-27 Drought Area report of Lop Buri province in 2004

Drought area / 7
Agricultural area loss (km?)

Amount Property loss value
District Sub- Village Paddy  Field Orchard Total (Baht)
district field crops
Phatthana Nikom 9 54 70.80 61.37 - 132.20 21,929,102.00
Chai Badan 16 118 26.45 48.28 - 74.73 21,855,265.75
Nong Muang 6 66 16.80 104.98 7.80 123.58 21,837,823.00
Khok Samrong 13 129 60.00 20.80 - 80.78 12,866,584.00
Khok Chareon 5 31 37.06 - - 31.06 5,629,338.00
Lam Son Thi 4 35 13.52 18.93 - 32.45 5,472,949.00
Ban Mi 8 54 90.29 69.71 - 160.00 2,000,000.00
Muang Lop Buri 5 46 - 6.40 - 6.40 1,156,000.00
Total 66 533 314.92 33047 7.80 641.20 92,747,061.75

Source: Lop Buri Disaster Prevention and Migration Office

Remark: There were only 8 districts from 11 districts reported on drought in 2004.
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4.5.3 Output comparison between drought risk area assessed from the
study and the result of Thailand Scientific and Technology Research Institute

When employing output from studying through weighting and rating
method also Stepwise Regression Analysis to compare with output of drought risk area
analysis of Lop Buri province from Thailand Scientific and Technology Research
Institute (Appendix C), the finding is that output from these two sources is in the same
direction. It means that there is reliable and appropriate idea on employing some
concerned environmental factors into the model. The output also point out that
Geographic Information System can be applied for drought risk assessment in the
study area. For some areas which output from study is not in accordance with the
report of the institute, it may be because two sources of study use different in factors
for studying, analyzing techniques or even weighting and rating scores. Moreover, as
we all know, reliability of prediction model is strongly depended on good data. But in
this study, concerned data are collected from many various agencies. Thus, it is
possible that some data are incomplete. Anyway, comparative study with Thailand
Scientific and Technology Research Institute is needed due to the right output is
strongly need also.

4.5.4 Suggestion and guideline for drought risk area management in Lop
Buri province

These recommendations are from view of experts and governmental
officers from concerned agencies to achieve the purpose of reducing effect and
disaster of drought in study area. The recommendations are follows:

1) Campaign on forest planting and deforestation. Due to in the past,
deforestation was done throughout areas of shallow soil and rocky for making
charcoal. Then drought areas have gradually appeared and extended more time by
time.

2) Wrong type of land use is one factor stimulating drought in study
area. Then boundary for planting and plant type should be set appropriately for water
volume and soil type in area. For example, rice needs high volume of water then rice
planting should be done in water base area or irrigated area. In dry season, low-water

consumed plants should be promoted such as vegetables and mung bean.
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3) During drought period, soil plowing is needed for generating airy
soil texture. Thus, groundwater can evaporate upto soil surface and plant root can use
it for surviving at least 7-10 days. Also, organic matter and covered plantation are
needed without straw burning.

4) Soil resource studying is needed such as soil texture, depth and area
condition. These findings would provide concerned information of physical and
chemical of soil affecting to plant growth as well as other changes affecting to drought
in risk area.

5) Stimulate people to conserve natural resources such as soil, water
and forest through training courses. The training courses are such as efficient water
usage course provided for farmers as well as community participation course for
reserving and rehabilitating natural water supply.

6) Reduce on spending groundwater too much as well as develop
groundwater source, paralleling with leveling up groundwater by water shortage
method.

7) Develop water storage efficiently through dredging canals, providing
irrigated areas base on suitability and potentiality of areas. Moreover, appropriate
management in both terms of water quality and quantity is needed by water usage
controlling.

8) Artificially rain is needed in suitable time for purpose of rainfall
storage. Artificial rain distribution is needed for covering all drought areas.

9) Land and water conservation plan in steeped agriculture activities
areas should be conducted to delay the soil’s rainfall absorption by planting more trees
to cover soil surface.

10) Drought risk area map should be provided in order to provide
concerned aspects of land use. Guideline for small size of drought area is urgent

needed.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

According to the study of environmental factors analysis that influence to
generate the drought of Lop Buri province. This study uses the application of
Geographic Information System corporated with Multiple Regression Analysis to find
out the appropriate forecasting model for drought risk in the study area. And assign the
boundary risk areas of drought level that presents the results of analytical data in forms

of geographical mapping. From the study can be concluded as follows.

5.1 Conclusions

5.1.1 Analysis of the relationship of environmental factors through
Multiple Regression Analysis
The results from the analysis of the relationship among influenced
factors to generating drought in the study area show that there are 8 factors such as
average annual rainfall, frequency of rainfall days, slope, elevation, distance of
irrigated areas, volume of ground water, soil drainage, and land use. These factors help
estimate the relationship between independent and dependent variables (drought risk
value). It found that there are 6 independent variables that related to dependent
variables at significant statistical level 0.05 (F<0.05) such as average annual rainfall,
frequency of rainfall days, slope, elevation, distance of irrigated areas, and land use. It
found that the highest risk factor of drought generating is slope; the next high risk
factors of drought generating are elevation, frequency of rainfall days, land use,

average annual rainfall, and distance of irrigated areas as results.

Annual rainfall average (Beta = -0.264), frequency of rainfall day (Beta
= -0.283), land use (Beta = -0.274), and distance of irrigated areas (Beta = -0.231).
These are negative factors that related with drought risk. Slope (Beta = 0.411) and
elevation (Beta = 0.341) are positive factors that related with drought risk.
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5.1.2 Forecasting model for the drought risk area assessment
These six factors from the analytical results of the relationship among
influenced factors to generating drought can be explained the risk of drought
generating by 85.30 percent (R* = 0.853) and 14.70 percent come from other factors.
The appropriate forecasting model for the risk assessment of drought generating as

follows.
Y =2.858-0.174 X; +0.224 X, —0.152 X3+ 0.183 X4 —0.087 X5 —0.162 X¢

When Y = drought risk value
X1 = frequency of rainfall days (day)
X, = slope (percent, %)
X3 = land use (type)
X4 = elevation (meters)
Xs = distance of irrigated area (kilometers, km)

Xe = average annual rainfall (millimeters)

For factor of distance from irrigated area, it is based on the fact that short
distance site from irrigated area tends to have less chance for getting drought by
comparing with remote one. But the output shown in regression model 6 provides
controversial finding that long distance from irrigated area negatively relates to
drought risk. It means that areas nearby irrigated area tend to have high risk of getting
drought. It seems like this output is not accordance with the fact. When non
standardized coefficients (B value) of six dependent variables are compared, the
output shows that B of distance from irrigated area variable is less in value. Thus, it
means that righteousness of model is slightly depended on distance from irrigated area
variable. In order to make reliability for forecasting model, distance from irrigated

area variable should be cut off from the model.

5.1.3 Drought risk area in Lop Buri province
According to Multiple Regression Analysis that is calibrated it value by

Standardized coefficient (Beta value) of 6 independent variables in which is generated
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from drought assessment equation was used for weighting score and rating score from
the questionnaires gained from the experts and governmental representatives’
opinions. Then, it is assessed for the risk areas in drought by using of overlay
techniques also calculate the value of weighting linear total. This can be indicated as 3
risk levels of drought such as the low risk of drought area, the moderate risk of
drought area, and the high risk of drought area. According to the using of Geographic
Information System (GIS) application that present the results of risk areas zoning
analysis of drought of Lop Buri province, such results can help to prioritize the

prevention plan.

The boundary of risk area of drought can be concluded as follows.
1) The low risk area of drought
The low risk area of drought covers 334.39 km? (5.14 %) and it is
often found in South, Central part of Lop Buri province and also some areas that
connect to Nakorn Ratchasima province and Chaiyaphum province. The most the
lowest risk area of drought is in the district level as Chai Badan district where covers
173.68 km? (15.30 percent of district area). The next district following are Muang Lop
Buri, Lam Son Thi, Tha Luang, and Phatthana Nikom districts consequently. It can be
found that the lower risk area of drought mainly is paddy field where covers 130.71
km? (8.66 percent of total paddy field area). The second is forest land and field crops

respectively.

2) The moderate risk area of drought
The moderate risk area of drought is the most area in Lop Buri
province where covers 5,296.05 km? (81.44%). It covers 11 district areas, the most the
moderate risk area of drought in the district level is Chai Badan district of the highest
risk on being moderate risk of drought, covering 849.39 km? (74.81 percent of district
area), following by Phatthana Nikom, Khok Samrong, Ban Mi, and Khok Charoen

districts consequently.

3) The high risk area of drought
The high risk area of drought is the least area in Lop Buri province
where covers 232.08 km? (3.57%) and it is often found in North, South, and Southeast

areas of Lop Buri province. The most the high risk area of drought in the district level
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is Muang Lop Buri district where covers 69.94 km? (9.23 percent of the district area),
following by Phatthana Nikom, and Khok Charoen districts consequently. The least
the high risk area of drought is Tha Wung district where cover 0.08 km? (0.03 percent
of the district area). The highest of drought risk area assessment according to land use
type reveals that the high risk area of drought is the most field crops covering 189.07
km? (5.75 percent of total field crops area). Forest land and other land use are the
second and the third of the high risk areas of drought as consequences. Orchards and
perennial plants cover the less part of high risk of drought by 0.25 km? as 0.25 percent
of this land use type.

5.2 Recommendation

5.2.1 Technique and methodology recommendation

5.2.1.1 Multiple Regression Analysis is a statistical tool for evaluating
the relationship of one or more independent variables to a single continuous dependent
variable. The result of Multiple Regression Analysis usually shows in the form of
equation to describe or predict the dependent variable as a function of the independent
variable, For research, the equations were dealing with the effects of environmental
factors on drought area.

Therefore, Multiple Regression Analysis was suitable for the
quantitative analysis. However, there was some complications in description the

variables included the quality variables.

5.2.1.2 From the analysis of relationship between environmental factor
variables (independent variables) and risk of drought (dependent variables) on
generating appropriate equation to forecast the risk areas of drought, it can be done by
using Stepwise Multiple Regression Analysis. The result reveals that some
independent variables came from the literature review should have some relationships
with dependent variables but they have no relationship at all such as volume of ground
water and soil drainage variables. Due to the obtaining of forecasting model will
consider only the independent variables that have significant statistical level, thus this
is the best equation came from the data analysis.
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5.2.1.3 GIS application in this study is very advantage due to it is the
most fasten and accuracy boundary data analysis and also can be systematically
accounting that make this system easily for retrieve and clearly present. However,
even the most powerful of GIS can be but it is only an assessment tool. In fact, the
most important thing for any research is the obtaining of accurate database that can
present the most accurate results. Therefore, consideration the validity of database
source is the most important consideration. If invalid database is obtained, then the
assessment will not be accurate, affecting to the research result unavoidably.

5.2.1.4 The data collection in this study can be classified as 2 parts as
follows.

¢ Primary data gained from the questionnaires of experts and
governmental officers. It found that there are some problem of database accessory due
to some questions in the questionnaires is not clear enough and difficult to understand.
This directly affects to incompletion of database for assessment. Therefore, trying-out
the questionnaire to adjust the alignment for interviewees should be done before.

+ Secondary data or environmental factors in this study are
obtained from governmental officers. It is found that some databases from some
offices are delayed due to complicating arrangement. Therefore, plan for prior asking
for information from such offices should be done appropriately.

5.2.2 Recommendation and suggestions for further study

5.2.2.1 According to the study, researcher considers some
environmental factors that influence to drought generating. In fact, there are also other
factors that influenced to drought generating such as density canals in sub water shed.
Normally, the more density canals in sub water shed means the less of drought risk
level since sub water shed is the natural rainfall sponge. So the bigger rainfall sponge
means the lower drought risk being. Besides there are other factors that should also be
considered such as density of shallow wells in area, distance from stream, distance
from surface water resource, distance from pumping station, water table, natural water
resource condition, period and frequency of dry days.

5.2.2.2 It should study the effects of drought in social aspects by

providing questionnaires for every households to obtained population statistic of
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socio-economic status in drought period, level of suffering, the effects of quality of
life in terms of population, natural resource and environment, the need for helping and
problem solving participation due to drought. These useful databases can be used for
GIS development on drought for preparing effective warning system in future.

5.2.2.3 It is suggested that the other existing models should be
compared with this proposed model in order to check for the accuracy of the model
result

5.2.2.4 Classification for drought risk area should be provided
according to the condition of study area. All concerned data should be analyzed firstly
to find any error and check the frequency on data collection in each study point
secondly. For example, data on average annual rainfall may be error owing to its
limitation on data collection since distance of each meteorology situation. In fact, data
on average annual rainfall are not collected regularly throughout all areas, and then it
is possible on getting error data. By the way, this research has identified level of
drought risk area by using data frequency concept. Thus, output from analyzing tends

to be accordance with real situation.

5.3 Lesson learned

Geographic Information System for drought risk area assessment by
Regression Analysis in Lop Buri province can help understand some problems and

obstacles including study process that can be concluded as follows.

5.3.1 Factor relationship analysis with drought risk value to generate
forecasting model of risk area of drought can be applied by using SPSS for analysis.
For someone who is not familiar with SPSS, he may find difficulty to understand how
to select appropriate analysis pattern for the research due to SPSS providing the
various analysis methods that can make confusion among the researchers. Since
researcher conduct the research by studying objective of analysis and database
technique included defining each statistical value from analysis then researcher can

understand the doubting point gradually.
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5.3.2 According to the analysis of risk area of drought by using GIS programs
such as ArcView Version 3.1 and ArcGIS Version 9.1, as the researcher find the
similar procedure from both programs. For the one who is prior familiar with
ArcView, he will easier understand than doing on ArcGIS. But in fact, ArcGIS is an
easy program too but only later develop. ArcGIS is more effective, accurate and faster
than ArcView also provides more performance function. From researcher’s experience
with ArcGIS, Researcher find that layout preparing in ArcGIS is better performed than
in ArcView.

Besides prior database analysis in GIS should be rechecked for accuracy of
valid data to prevent the error in analysis and protect accuracy of researcher

objectives.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 107

REFERENCES

—_—

. Discovery communication. Drought. [online]: Available from: http://www.discovery

channel.co.th/earth/earth/drought/index.shml [accessed 2005 April 20].
India; 2005.

1 1 4 [ [
2. §1In U Te1BUagUNUNS NEINT BT TUMIALDLAUIARDN. MIANBUNBMHUAT LTS
ADMINAYNNAUIANYTITUTIA. [online]: Available from: http://www.oepp.
a 4
go.th /saraweb/Des_index.html [accessed 2005 April 20]. NFENTININIIFNANT

A Tu Taduazdunadon, NgIUnna; 2548,

3. nsugaiouInegl. nazneudsluefa. online]: Available from: http:/www.tmd.go.th/
knowledge/book danger 02.html [accessed 2005 April 20]. PIENT ana Tulas

ﬁﬁﬁumﬁllﬁzﬂﬁﬁ’f)ﬁﬁ, NIUNNL; 2548,

9 )

4. TAWUT A95550 uazAmy. Agaondaluguiindiwsgen. [online]:  Available  from:
http://www.dnp.go.th/Research/watershade/dry.html [accessed 2005 April 21].

anfuIdoua WA M I IINNFENYATEAT, NTUNN; 2548,

5. dninnuildanszniaawsiig neg. 39udaanyys. [online]: Available from: http://www.moi.go.

th/province/149.pdf [access 2005 April 20]. ﬂi%%i’NiJﬂWﬂll‘I/]fJ, NTUNN; 2548.

o

4 H
6. dninauilesiuazussmasisudoiwiaanys. eauiutlszauseuwaznmsTian
] A 9 [ Y (% = v [
Fromdefszausedeniaanys. nsudlesiunazussimaisisude,
NIZNTNUHIA NG, NUNN; 2547,
a [ 4
7. nsuyalsemu. A5 IUANNUOINT UYL, [online]: Available from: http://www.rid.go
o
th/Ridvocab/index.html [access 2005 December 26]. NIENITNUNHATUASTAUNTU,
ATAUNNA; 2548.
8. nIugAHoNING1. YoyagailonINeINTUNN. nFznsrunalulad Msaumanazns

A0, NTUNA; 2537,

O

. Lampton and Christopher. Drought. Brookfield. Connecticut: The Millbrook Press;
1992.



Jiraporn Punprasit References / 108

L a o 1 [ [ 4
10. €315 UULTUATY. ﬂ"li‘]J'iSQﬂ@16191}53‘]J°]Jﬁﬁﬁumﬁfq]llﬂ1ﬁ@ﬁLlazﬂ"lﬂﬁ]ilﬂﬂ’ﬂﬂﬂﬁﬂﬂﬂﬂ Lﬁ’ﬂ

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

k4 v [l 9
fvuaiuiidesfeaenisiiauduaunan usuguiiad Jania
UATATBITNTY. IeninusiSyanInemansuviniaudia aninmssanis

Y

g, Tadiaine1ds YHIINdeINEATMAAT, NTUNNA; 2539,

A a o o U a & 14 9 a
- U5dl Jeainda nazueawe gUszansaed. dundsluilszmelne. wnaisdsnns. nsu
RAUININGY, NTINW; 2534,

a

@ 4 a % a %
NI WNAYNNA. ﬂ’J"IiJLLﬁ!Q!LéIQGlu‘]J'i&VIﬂUlVIEJ. PAFIIMITUNUIIFINMST TATIMsUUNA
Y v
ANyl @1911159AMT U HAZAINIINGIMNAATAUIARON. UHIINYIdY

¢
INYATANTAT, NTIUNNeT; 2534,

v 9 [ [
drfnauildansznsradnemans malulasuas FaIAay. UL TUNANUNITE
fouda. [online]: Available from: http://202.12.97.99/ drought/ ed method.htm
[access 2005 April 19]. n3gnIdrdnemans maluladuazdunado,

NTUNNC; 2548.

ABY TUNSUAI. ﬁﬁﬂmi%ﬂmi@:uﬁl UHINGIRVINBATANAAS, NTUNNA; 2530,

KWRS. Watershed Management Research on Mountainous land in Chiangmai.
Department of Forestry, Kasetsart University, Thailand; 1986.

N3 MQ&{]ﬁmﬁWﬂ. fouda (drought). [online]. Available from: http:/www.tmd.go.th/~rwcsw

/diaster].html [access 2005 April 20]. NTzNIINAIUTAE eTAWNAUAZNT

A0, NTUNN; 2548,

WIAING 5350a13%. Ae553uMa lulszmane. nsznsraunalulad asaumanazng

A0, NTUNN; 2534,

NIUAUATUAMNINTUNIAADY. Ho1d (Droughts). [online]: Available from: hitp:/www.
environnet.in.th/evdb/info/diaster/disaster09.html [access 2005 April 19]. NTENTI

NINGINTTITUTALAL TUIAZON, NTIUNN; 2548,

Burrough, P.A. Principal of Geographical Information Systems for Land Resources
Assessment. Oxford: Clarendon Press; 1986.

a < a a o {
INYU Qaﬂimyg. Geographic Information System Component. ULIRINEI; 21 (R1uN 3).

2537;90-91.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 109

o = 79 ¥ A s A Y a
21. ‘]Ji%ﬁflﬂ ‘]JTLM. mi‘ﬂ’izEJﬂG]i“Iﬁ%‘]J‘]_IﬁTiﬁumﬂﬂﬂ{]uﬂﬁ’(@]iLWE’Jﬂ”I’i’JNLLNHﬂTiGI,GD'Vlﬂu‘]Ju

Y ]
A A 1

WunguvagneuranAaesdunuul Tu enasduuninmsses “szuy
asaumangimaasiieniswaulszma’. Sui 20-21 wgua1Ay 2534.

I'ﬁ\ill‘ihiﬂgﬁl%@ﬂﬁu, NIUNNUNIUAT, 2534,

[ [ a A 1 = 4
22. Tasamsdamsninenssssunauazawundon. glomsinousuasaunAgimdaas
(ArcView  Version  3.0) @115 UNI5IUANUIANITNSNEINTFITUHIALAL

aunadon. 1., NFUNNA; 2541,

Y
@ a @ a J @ @
23. 93¢ WAIUINYIA. Tifflﬂﬂ']'iL‘ﬁf)Qﬁuﬁ$ﬂﬂﬁ1§ﬁulﬂﬁ{]‘hﬁ1ﬁﬁiiuﬂ1§ﬁ]ﬂﬂ']§1’li“l"lfﬂﬂi‘ﬁﬁiu
a A 9 a1 9 9 [ Ay A
vauazmmﬂaau.slu: qumﬁwﬂﬂn (Eji’J‘U'i?iJ). NITINUAUNITIANITNUN

puSnY (3). UMIANVIBUNBATAIEAT, NFUNNA; 2539,

o

a  a 79 9 a X £ Adyw
24. 1 Tuw Augiana. madszgndlassunamsaumagiendas lumsminuni lasumansznuy
] [ J A a 1 a a )
vinmagaes laoon laanmnaain s Iddwdnng. Inetinusalsgyan
Aranssuenaas wtiaa. 1A sUE159. Tadiaineds yanial

UWINYIAY, NTINN; 2538,

25. AmzaYNIINNITIAMIT U TV sUasINURBIUITS DU s awnagiaaas 1u
AmgnITuMsUssauuLazdIasuMIHATZUUM TAUMA T aas.
na1ImMIlszguduuuu loueuazunumsannssuuasaumagimans
Tugrumuian A ugRanas danuurand afufi 8 (0.6.2540-2544); 22

Aueeu 2538. 1.4, w.al.al.

26. McHarg, lan L. Design with Nature. The American Museum of Natural History.
New York; 1969.

27. duinaudaiies. gilonsnedeaud 1 dalaseaiiedanda. dninaudaiios nsznsng

MWW@U],‘I/]EJ, NTIUNNC; 2536.

' Y H
a a v A

2 a a a Y a 4
28. @3¢ ‘WGM‘L!LﬁEJiGI. iz‘u°uQumi’dumfﬂumaunmmmazmumaau.(wu‘wmw ).

Y Y o o a I o o
ﬂ?:\‘lLT]W‘JJWWUﬂ'i: WN“I’!Hﬁ'JUﬁHﬂﬂ Tiqwuwghlmmiﬂiﬂﬂ%u; 2546.



Jiraporn Punprasit References / 110

v
[

= A s = a J A 1w 14 v v A
29. @lar Bguuas uaz ¥ wsAgNs. Miuazhilateninadessuasludriaiyg lan
A aa a s a
TagldaTmsnadatazszuumsaumagiendas. enasmsdszyuisims
o o v v a 4
Y5291 2546. dninnuiauumaluladeinmauazgiarsaume (8413

UMBU), NTUNN; 2546.
30. NsugAtoNINe. wna1TNeIn UL (Faduun). u.alal.

Y [
31, dandnauduriade uagmstunyas. MIUssiuaAIZuRde N uNNEATNITY
[ v A 1 o 1 = A [ Yy 9
v daree vy, TnsansHITeIMIsANEITSULADUNBLAIAIUMITINEAT. NN
WAINNAY, NTINWA; 2540.

a J

v Ao 1 % t4 y
32. ﬁiﬂ‘Ul.l’Ji]FJ’J‘V]SWﬁWﬁﬁillagmﬂiuiﬁﬁlmQﬂigmﬁl‘lﬂﬁl. IR URVVTNYITU ﬂﬁﬁﬂ‘]ﬁ%ﬁ@
9 ] 9
fruanuii@esaonisinagnnnouazAesssnsia (luguiinianaig).

dninanuuloonagupudiadon, NTUNNA; 2542,

a [ o o A L4 4 a
33. maude il wazgiium Aeluyad. siwumamsAneuies nsanylsziiy
" A A4 v g Ao ' ) an
ANSMNUDINUNUAIAINUHNAADTZUUMTAEAT laslsna TuTaes Tun
A a 4 o @ 1 o Y]
9 uagsTUUAITAUNAQNAITAT (NTAANYL: TanTavounnu). d11in

AULNTINMIIVYLHINA VU IINGTAVUDUUAY, ATUNN; 2541,

34. Mongkolsawat C, et. al. An Evaluation of Drought Risk area in Northeast Thailand

using Remotely Sensed Data and GIS. Asian journal of Geoinformatics
volume 1 number 4 June 2001. Center of Geoinformatics for the
development of northeast Thailand; 2001.

Ad o Ao o 0 ¥ e s A a A Ada
35. qaad dmnddani. msdszgndlessuvasaumagimansmelssiiumnunninny
= 1 a A zﬂy o A KR o 1 a J o @
@ e9ANITINA LI AN AT HYIT059: NTAANY 61UNDIDUNYAD I3KIA
UATASBITUTIY. ININUTIemaas uriiude awunalulagmsusnis

Aunadon. TuNAINeds UN1INGIAGUHRAR, NTINN; 2539,

Aa o

A @ 4 70 ¥ A a dy A A l a
36. ¥ade Yywiny. mydszgnaldma lulasnmmnzaylumsisziiununidesionising
Aaa a a a J (Aa a 4 v a a {
T3a%a Indd. Ineinusisygrinendasuriiada a1vIsuna lulasn
MINZANOMINAUINTNINT. YUNAING e UN1INeRoUEAD, NTUNN;

2541.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 111

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

@ a = IS a 4 ) a

g7 yasa. Mslszgnaldszuuasaumagimans tazmsdisiaszes Ina Usziiu
&y d' d‘ 1 a 1 1 a a Jd o [ =S [
Huiidesnomana i Tugnersnaaesdunuun Janiadeslui.
a a J a a 4 o a a [ 1 v a
MninusUSaanInemansumtiagia avimnssansthld.  Jadia
AN UHIINTUNBATANEAT, NTUNN; 2545,

Y ) ]
noaunu Insems. msdrsrndesdueianinneunen T iaanys. noa1aun

Tasems. maviouneralszma Ineg, njamnd; 2530,
NTNIMINT. ANY3 - 5IHUHI01505TTU. NTNIVING NTZNTNANEITNT, NTUNWA; 2542,

1 a A [ o a J
ﬂiNﬁQLﬁiNﬂmﬂ1Wﬁill’JﬂgﬂﬂJ. Tf’]5\1ﬂ'liﬁﬂ‘l&l1&&a3%ﬂ%1§1u6{’ljﬁli§l‘jﬁﬁ1§ﬁuﬂﬂﬁahﬁ'lﬁﬁi

T IAaNY3. NTENINNTNINTBITUMIALALTUIAADN, NTIUNN; 2547.

Kulapramoe Prathumchai. Assessment of Drought Risk Using Remote Sensing and

GIS a case study in Lop Buri Province, Thailand. Space Technology
Application and Research. School of Environment, Resource and
Development Asian Institute of Technology, Bangkok; 1999.

madndinenh’ld. Hadeineanuanimgiiiszme (Topographic Factors): 5¢AUANES
(Attitude or elevation). [online]: Available from: http://www.forest.ku.ac.th/ forest
biology/ecology homepage/FullText/ecology 3.pdf [access 2005 April 19]. Adlg

TURNEAS UNINGIRUABATFNANT, AFUNN; 2548,

Y

937y ME3ATY. 1IUIAA-UBVIAIG. NTUNTNEINTTIL, NJUNN; 2540

bl Y

NPUIIAA. BHUNIIIAATINIAAaNS. [online]: Available from: http:/hygis.dgr.go.th/
website/lopburi_g/viewer.htm  [access 2005 April 19]. ASUNTNOINTTI al,

NIUNNA; 2548.

a 4

J ' Y A a dg’ a
HUIAUTD @,ﬂﬁgﬁﬂﬁaﬂﬁ. ﬁfﬂ’)gNul!a\iﬂlﬂﬂmuall‘lﬂiglfﬂﬁllﬂﬂ. ONEITIFINIT. NTY

9AUENINGT, NTINNA; 2537
NFUAFIMIINBAT. INHATNTTUFITLUV. NTZNTIUNBATHAZAWNTH, NFIUNNA; 2536.

k4 [
f?']f!}ﬂ\ﬂuNuﬁﬁ?ﬂl!agﬂ'ﬁﬂulﬂﬂﬂﬁ. m'i‘lJ'inuﬁmazLLﬁﬂLLﬁﬂmaﬁﬁuﬁLﬂymiﬂiﬁu
@ v A ] o 1 =2 A [ Yy Y
%QW'J@L‘BENQI‘VTN. Iﬂﬁ\iﬂ'ﬁiﬂiﬂﬁﬂ1'§ﬂﬂy15$‘]J°]_|L@]GUﬂfJLLﬂQQ”IUﬂ'IﬁlﬂH@]i. N3y

WANNAY, NTUNN; 2540,



Jiraporn Punprasit Appendix / 112

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 113

(APPENDIX A)

Huvaauou

v Y

S UITEITIYIAZAMNUYAAINIDINHUIBNUNASG

A o A a 4
Win1sLneumMsnIIneHnus
A a s A a dy A A 1 a o F2
5949 szUMTaumAmaasiiolssiivmnun@eanemsinanena
a J 1Y [
1A AT 12HININAN0Y 9K TAan13

(Geographic Information System for Droughts Risk Area Assessment

By Regression Analysis in Lop Buri Province)

[

SCVRIGE

=13

weisnsel wulszant
sHadszdd@nindne 4637563 ENIM/M
WnAnymangesUSyaninemansuriiuga
U133 MIsAMsMIAUMATIIAR AT NS HENS

AUZAUNAROULASNTNGNTAEAT UMINIFIUIAD

TUNADUUUVADUD W oo

BO- LA D oo LY T
v d‘ a vAa

EE22) TR ADMUNUDUANI s

R T2 I OO



Jiraporn Punprasit Appendix / 114

smnaanmué’hsmuuﬂmnimnﬁﬁwammﬂ%’g

:ﬁ' a Jd d' a &’ A A U a U Y v U =
(PN} 53‘1mmmumﬂgumammaﬂszmumwumammmﬁmﬂﬂmgm IHINANLYI

o dy Jd [l £ = Aau A « a s A
AMBUIL BUVFO VDIV UTIUHHIVOINMTANHIIVYLT D4 ITUUATAUNAYUATITATIND

a zﬂy d‘ d' 1 a [ Y o [ = d‘ o a 1 = v 9
Use U UNTeInoNSINAN B IAANYT IO 15 IULUIAANDI18a2I08AVDIT98A 1

Q

v

Funadeunnmenimiiioninanemainanoudeinyaaininiienunag s amin

awrsoaaaulalumsdniuaudIunsNwRIIN/NMSIANINTNeINTFITUIALAL
4 v = y T W o A o P Ao s &
AUARUIINDINITAMININVANUNTGIRBMINANBNUTITUHA  TagiIngilszasdiiie
o A a 4 v o a [ 2
UsznoumsitiineniinusvesindnyiszauliyanInaninisiamsamsaumadunadon
HAzNNeINT AAILAUAADNLAZ NS NEINTNEAS VHIINETdENTaarioHaN 19 nMTANE
IS Y] § { A Y] @ Y |
vudlusuanialumsnuwumsiansiuindszauilymisoudludadaanys 1l

, ~ A & o . ; ; ~ AR | & A
aﬂwmmzfmuazuﬂiz’c’m‘ﬁm‘wau%m‘lﬂqmimﬂaﬂmmmﬂmﬂw%mﬂmuiuwuma"lﬂ

v
N YA v

I = o & Ay 9 @ o dy
Glumsugp Elllﬂ’J'IlIﬁ]'IL“]J‘LlTIG]ENﬂ'Iﬁ]VVISﬂJ"U@ﬂSIJEﬂH 2 aNHULAIY

[
S U

daud 1 Jeyamernuanumanz duvesilededunadeunianenimiioninane
a Y] Y ’ .
manailyminends (Weighting)

daud 2 deyaneanuanumunz auuesszauiladedoon 19 lunsAne (Rating)

A

v
az1iu gavedalasvesanunianninmiulumsidanusuileasunuudouniy
° v y A @ = . o A v o A
nazaoeuiiolnasunnde melse Tewi lumsAnunisenssiidae Taekunseanine V aslu
A a o ' 1 Ao Yq ¥ o ' Y A o v A 1
1 wismudiasluresiniidmua 1319 dseeuvesniunndelinnudiagoenens

[
AnY1Ivy (vennunganaeundumeluTui 22 wgadmeu 2548 dndunwsznad)

=2 A A A A
WUTYUNUWDNITTUT WSUD VAU

VOUAAIA NN VDD

4
=

a a a 4 a
(WA.lsenga nadw) (W9a1293193088 Yuilszand)

a a J o A Qv
ﬂ§3ﬁ1uﬂ’3‘]JﬂlJ’J‘V]fﬂuWH‘ﬁ é’mmumina



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 115

U 4‘ d‘ U o ol d‘ o =]
@I 1 nuvgevafeINUANMHINzanvesaderaniinldlumsanin

E4 E4 1 H
v A AAa A 1

MIIveasetlsznoualremsanyIdadeduadaadounamenInnlonsnas
a o Yy 9 an q ¥ o a g @
matnailarifendinieIsmslszgndlduuuiiaeaneadiaenans s I UI S VU AU
a 4 o [ 1 1 a a Aa v {
piimaas Taslinissiusiudeyaileteaisg anuvasdoyanaegil uazena1saIuIeN

{ o A @ o a J {
Lﬁﬂ’)sfl}’[’)\i u,axmmumi%ﬂmgm{lj@gaﬁzuumiﬁumﬂ@,mmﬁm (@']'13"Nﬁ 1)

o % Y oy ] v A o 9 = 1
mwiumﬂﬁmumuﬂﬂzuuummmmzﬁnmmﬂ%%wumﬂﬂumﬁﬁﬂm Nnu
Y g} @ 1 A ] a QSJI 1 = o A
mmiaclwmmﬁuﬂﬂmuuiu%w:}ma PIVSWBINASHLUUAULA 1 D35 (ﬂ';;mm”lm'iﬂwmﬂ

) Y
V e ldanihminluusaziledendn)

Tagsmuald

= v o ' X o Aa o v 1 a o o
AZUUU 5 HUI1YDI ﬂ%i]ﬂﬂ\‘]ﬂa’ljlﬂu"ﬂ%ﬂﬂqwllﬂj’ulﬁ’]ﬂmuﬁaﬂ’lﬁlﬂﬂﬂtyw']ﬂﬂ
2 (Y A J v Aa A Y = d‘
Lla\iju5$ﬂua\ﬁ~l‘]ﬂ ‘Vijalﬂufﬂ"ﬂﬂfﬂ/]llﬂfnl‘ﬁ’iuqgﬁuﬂﬂgﬂl%iuﬂ']jﬁﬂy']u‘]ﬂﬂqﬂ

= v v 1 I v Aa o 1 a [
Azuuu 4 vnens  adeanariduilavenuanudingaemsinailynine

=

Y (Y] A g v Ao ~ Y
udaluszavas vetluilavenianumuzannag s lumsanyinin

= v W 1 < o Aa o v 1 a o @
Azuuy 3 wwend  deveasnarutluilatenianudiagaenisnailyning

nasluszavihunais wsodluiladentianumne aunlslumsdnuithunais

= o v 1 [~ [ d’d 0o o 1 a o Iy
Azuuu 2 vede  faveasnarntuilidenianudnyaemsinailynine
(Y] t‘) I o W 4 4
udaluszaus vsadluildesntanuminzaun 1 lunsdnuitos

o W 1 a

= [y v o 1 [~ o As o [
azuuu 1 vwwds  dateasnarntuibhisnianuddgaemainailymine

9
v
=

Y o o A A& o Aa ~q Y = v
Lla\‘lﬁluigﬂﬂﬂ"l‘ﬂﬁﬂ Wﬁﬂlﬂuﬂﬂﬂﬂﬂﬁ\lﬂﬂ'ﬁllﬁu'ﬁﬁil‘ﬂsl“]fsl,Uﬂ1§ﬁﬂ‘H1u®Uﬂﬁﬂ

Q

d' 9 o A 9 AdAa A 1 a o [ Y o @ ~
M131490 1 Llﬁ'ﬂﬁslli’)ﬂ;l‘ﬂ‘i‘jﬁ]‘ﬂEJ?NLL?ﬂaﬂﬂﬂu@ﬂ‘ﬁWﬁ@]ﬂﬂTﬁlﬂﬂﬂﬂJﬁTﬂEJLLa\i WHINAN3

tadenan anuafyvesifadaian AnhminazIuY

lalumsanmn nllumsinm 1 2 13| 4] s

Ada

Y ' Y
1 Snaniwunetinge | USunanhdwiuihisddghianiua

aemanailaidends iesnnusna




Jiraporn Punprasit Appendix / 116

d' 9 1Y Q' 9 t:'dQ a 1 a [ 9 1Y [ =y 1
138N 1 L!ﬁﬂﬂ‘l]’f)ylﬁfﬂﬁ]ﬂEJ’s’NLL’Jﬂai’)iJ“I/]iJ?JVI‘ﬁWﬁGIEJﬂﬁLﬂﬂ%jﬂlu?i‘"lﬂﬂuaﬂ WHINANLT (919)

i
ladevian anudnyvesifodutian MINTUNAZUUY

y = Y =
ndlumstinmn nilumstinmn 1l 213l 45

¥ v
lasiasuraidusietlun Temanae
a @ Y S 9 o Y
massuadazites luniaasaduiiu
Y
Aa A (a ° = 3
vsnalilsuaniWuseildes Al
Tomaifnaanuuiadasefoudald

Un

2. snududuannetmds | S1uauiuduansetmaailusnilede

1 ]
=2 Aax 1 a

nilsndidnsnademanailymifonds
Y
pazinamasuaeInulsuaiieu
= ' A a A o o
5183 na1ane vsnalauIuIuIuAY
) <3 a a o Yy 9
ans1etluinnazil Temananauadtios
a A o =Y =
wazusnalaisudusieldesasl

a o oy
Tematnanaudauin

]
=

o - M o {
3.ﬂ31ua1ﬂ%um@ﬂﬁuﬂ ﬂ'J’]llﬁ'lﬂ%ulﬂuaﬂﬂmz%1ﬂﬂ’lﬂﬂ1“ﬂﬁ

'
A A v Jdo

Y 1
drAaguesiiun - Fdanuduiusny

4
a

o B/ L
szuumMsszueilunui NeRrIau

' = A & A
wazluauanvesdy Tasvin lraauy

a a

WIAU (surface  runoff)  92lOAT

-

'
=1

< & A
AuIg luan I unniaINaIa
i
Fuga pziuTomavoInIsuaIgaIu
4
Y A

= A 2 Ay ' A
ANUVDIAUIINUDY ﬁ\iWﬁiﬁWﬂV]V]NﬁWﬂ

Y '
Gﬁumﬂ%umm%uﬂawﬁ'm‘h

A A L 4 o
4. ANUGIUDINUN Ay gIveINuMdudnyaznia
Fa '
MUMNUBINUNIFUABIFVAIINAA
@ J ~ =} ] dy 9 1
Fu Tagiungeeziianuguruiioond
3 a3 4 o
WUNA 199N UTseIMAlusEATAT
& o ~
voslanfe lusu troposphere v

QUUAUAAAININANNY Tugnn

a u L]

1meanuigarglazanaasznm




Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Inf. Man. On Env. and Res.) / 117

4‘ 9 [y [ Q' Y d‘dQ a 1 a o [ Y o [ ~ 1
M13189N 1 LLﬁﬂﬂ"Uf’qulJﬁ‘]Jili]EJﬁQLL’Jﬂa@lWUJ@VITJWﬁ@’f)ﬂﬁ!ﬂﬂ‘ﬂ’ﬂJWTﬂEJLLﬁ\‘I%QﬁTJﬂﬁWHi (919)

adevian

Alumsanmn

o w U U
ﬂ?]uﬁ]ﬂ@mﬂﬂﬂﬂﬂﬂﬂﬁﬂ

Alumsanun

ANNHTPASIUY

k4

1°C ¢@0nWga 100 was dewaliium

ol

gealiTomadosdonisinanouda’l

44 A S
UINANWUNADULAZWUNEA

v
~

Y
5. 52ExM19INNUN

atlszniu

Y v
Hadeiinarsalasldvdnnisnii lu
a A A (A J
yInanunarallszmuazialsuiai
nvalsgmudavisioasvlsuw
v Y Y
MdunsolSuraiinnuranitai

2 1
@ a ~

535010 aauusnunegnelua

a

' a o Yy 9
¥alsenivdenil londinanouaeions

' a -dy Ad'
ANUSNAUoNIANUNTALTENIUY

v
6. Usuanirldau

= o Yo A v g
Usaveirlaauaszuinvietesn

Re

@

DY TNINNQNNFTAINY Tunsdl

4
1

a a A [ Y
Adunere nsorduliandosnggnia

. 2

2

mldinaaazuiads uazanauaauiin

@

] ya < 3 :’ ad o
ihlaauiunranimusssunandino

o

=

o Y 9 a
M ldnaunuld winvsnalail

Y i
suanhldauunnweNgaimisoqu

[, ¥

e

winly TasmmwizedsoaunonisglIna

2,

< o

u3lana fazildnTemainadoudsla

b
Uy

v
7. MITEUIUDIAY

Mo vesd nioauanga lu
mié’uﬁywmﬁu Wuamauiiavesdu
pganilafazalauendanuainisely
madnduihluay Susnalaidnuus

a Ao :d A 9 oy 2 =
AUNUNITSUIUIANITIDIUUTUDY 9SU

ol

Tonmanazidesdonisinasaudal
v

PINANVTNUNAUTEAYULTLI8

A5

=o

11una1e s20181AUY1ININ T2

Y

127 g2 UAINN

1




Jiraporn Punprasit Appendix /118

d’ 9J [/ (% Q' 9 d‘da a 1 a o [} Y o (% ~ 1
138N 1 Llﬁﬂﬂﬂlﬂw‘]aﬂﬂ%EJﬁ\iLL’JﬂﬁE]N‘WJJ@VI‘ﬁWﬁ@]’f)f‘ﬂi!ﬂﬂ‘]_]ﬂJﬁ"IﬂfJLLﬁQ‘Nﬁ?ﬂﬁWlﬁ (919)

tadenan ANNAAYVeifaduian ArminazIMY

lalumsanmn aalumsanun 1|23 ]| 4] s

9 PPN 1 3

» vda mslFlse Tewuinaulunaazassnniiv

8. M3 l9)sz Teainau .

1NN NARDANNFNFUNTOANWLRA

HAavoIAuuAnA1IaT Y iy uSui Tl

U = d’l a 1 Ll (%

waa luazinNuFUYeIauNINNIINaa
& Y v e = o &

lu udu aeriulumsanuinsatinig

wosandsanIwns lglse Tesinanlu

o = k4 o dy =
faiuniaNuaeana eI N UANINNUN

a
2

uamﬁaé’maﬂcsiamigﬁﬂﬁmazuﬁ’mé’a

A A4 A '
voanunuse i

oA 2w v o1 Ao =
a3un 2 amuaemmanmnumﬂzuuuﬂmummzaummﬂmmﬂﬂ‘nmuﬂ“ﬂumiﬁm=_n

A o

9 Y o o 1 031‘ 1 @ @ [ o7 A 1 Y
I%J'J‘DEJUI,@°V|']ﬂ']'ifl]']!!,uﬂslﬂx‘]slfusllﬂﬁllﬂagﬂﬂ%ﬂﬁaﬂ@ﬂﬂlﬂu{l%’ﬂﬂﬂ’ﬂﬂlmagﬁgﬂﬂ (1519

Y
S 1 v

d’ 4! 1 Y 2} [ 1 = d! 1 =
n2) FIMUa150 1A natUR U0 IU U FIVTUFIALLUUALA 1 D95 (ﬂﬁqﬂﬂ

o A A Y [V | o Y
NnuAIBINY v LWE]Glﬁﬂ"Iﬂ&Luu*Uﬂ\iﬂ%%ﬂﬂﬂﬂ) Taosmual

AzLUY 5 nena dadedosdinaniionsnanemsnasedannaa
= - [ 1 Aa A 1 a o 9

AZLUUY 4 HU18D9 T99888899na1NNONTNANBNTINANBLAININ
= o 1 [ 1 Aa A 1 a @ F2

AzUUY 3 WUeDd Tededesnenainloninasemsnansudslunaig

AZUUY 2 nIede Tadedpadananioninanemananeaitios

AzuuY 1 ninede dadedosdanannioninanemsinasetditioaiian



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 119

a 1

d' 9 v o w 1 AsAa a @ 9 Y] Y] ~
A1318N 2 Llﬁﬂ\isll@Hﬂi%ﬂ‘ﬂ‘ﬂilﬁ]EJEJ@EJVIIJ’E’)VI‘EWEI@]E‘JﬂTiLﬂﬂ“ﬂinTﬂﬂl!ﬁﬂﬂl@ﬁﬁ]ﬂﬁ?ﬂawui

, MAZUUHANMHINZ AN
tadenannlylumsanm szaUvadladeton

Y H 1 a a
1. U5uaniuseinge @ ouni1 1,000 Haawag

@ 370071 1,000 - 1,200 Haawuas

€ 110071 1,200 - 1,300 Naauas

@ 31071 1,300- 1,400 Naawes

® 370071 1,400 Haawas

2. 1nuiuduansetlinae ® Ylpgnn 60 Tudaell

® 511 60-70 Tuaell

® 579071 7080 el

€ 3579071 80— 100 Suaeil

€ 370771 100 Ju

k4 1
3. ﬂ’JmmWffu"llmﬁu‘Vl ‘ jgﬁuﬂgqua‘|ﬂs{5’u 0-3 %

ds‘ ~ A 1 Y
(WUNIIVHTOADUUNI V)

€ S2AUANNAIAFY 3-8 %

v

(WuNgnaauasuaIn)

@ 52AUANNAINTY 8 — 16 %

Fl

(Wugnaauaeudu)

€ S2AUANUAIATY 16 - 30%

{ 44 a -
e hatumn)

€ 5:@UANUMATUNINDI 30%

A 4 o
(WUNGIFU)




Jiraporn Punprasit

a 1

Appendix / 120

d' 9 LYY [V d‘da a [ Y [ [ ~ 1
M1319% 2 Llﬁ'ﬂ\i‘llﬂyﬁi%ﬂ‘ﬂ‘ﬂﬂ%‘EJ‘EJ’E']EJVI?J’E)T]‘EWﬁG]?Jﬂ"lilﬂﬂﬂfg‘l’i']ﬂEJL!a\iéU’E)\ﬁNﬁ’maW‘U‘S (919)

tadenannlylumsanm

U U \l
JTAVVeItlaeEoE

mAzuHUYaItladetee

&4
4. ANUFIVOINUN

9 &4
* FEAUANVFIVOINUN 0 —200 LA

o &4
* FEAUANNGIVDINUN 200 — 400 11AT

4 '
@ 52AUANUGIVOINUR 400 — 600 1WAT

o &4
* FEAUANNFIVDINUN 600 — 800 tNAT

]
=

2
5. 52821199NWUN

¥adsemu

@ ogluvarailsznu

' A 4 '
4 ﬂgﬂ'N"ﬂ'lﬂWu‘l/l‘]fﬁﬂiﬁ;’ﬂ']uiﬂﬂﬂ'ﬂ 0-2 nu.

Ed '
® ogrinnniuiralsznunnnd 2-4 w.

4 1
@ ogrinnniunyalszmuinnnii 4 -6 nu.

Y i
@ odrianniiunralszmuunndn 6 nu.

Y
6. Usanirldau

@ Joeni1 2 gmAnRsAeS T

' & o
¢ 117171 2-10 Qﬂ‘iﬂﬁﬂm&‘li@l’ﬂ‘]ﬂiﬂﬁ

' 7 o
€ 319071 10— 20 QﬂUWﬁﬂLNﬁi@]ﬂ“}ﬂINQ

' s Vo
* 1NN 20 Qﬂﬂ?ﬁﬂlﬂﬁiﬂﬂ%’ﬂﬂ\i

9
7. MITLYUIV0IAY

Y
@ 5299100

:’ ' Y A
@ 5219ADUTNANIN

v
o A

® 5:mhAfe U

: ' £
AP RATRINIEE AR N !

Y
@ 52181187

Y
€ 521191100




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 121

a 1

d' 9 v o w 1 AsAa a @ 9 Y] @ ~ 1
A1318N 2 Llﬁ'ﬂ\isll@Hﬂi%ﬂ‘ﬂ‘ﬂilﬁ]EJEJ@EJVIIJ’E’)VI‘EWEI@]E‘JﬂTiLﬂﬂ“ﬂinTﬂﬂl!ﬁﬂﬂl@ﬁﬁ]ﬂﬁ?ﬂawni (919)

mAzuHHYRItladetes

aderianilylumsfinmn szauvediladeos

8. M35z Teminau PO
TRCRD)

® jivyly
Meda ud)znas 917 Tna 911vhe dee

o A & A oA A
DA A i?imﬂwﬂlfhli%uﬂﬂu‘])

® Uavaz ddudu

(mneda uewi gmalda dudn)

L Z1ENS

mneda Twaalu 1hlundaly auwlh)

® Nausznndug
= A& A v Jor A7 A
(rwneds Nuigevan Ty Auige

1 o A 1
Uagni NDILT)

v
v AAaAa

1 a 1 =\ a 1 a [ 9 Y d' Y 1 9
14. Muaanasiziiladendioninanemanailymisonds uenviniladon lanaraluan
wso'ld il 1dun

._.
e
=.
—
=
D)
hO]
I
—
]
]
"))
)}
fd
-
=3
N
2
—
"))
e
(e2]
=

€
=
ES)
S_E
=
o)
=
—_
=
P
=
2
—
>

€
ho]
2
—
"))
=
=h.
=h.
=
™))
Qe
)
e
md 4

2
=
5
ge
De
ps
[e2]
™.
—
p2s
—
"))



Jiraporn Punprasit Appendix / 122

16. VIAUBLULDU

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 123

(APPENDIX B)

v v
Y (% v o Qs

S1TORITIT YU MINUYANINITNNHUIBNUMASF DIV INIHNA 22 HHI SINNITY 46 A

%

=
O

ZDe

ﬂi%ﬂi?ﬁﬂ‘i%!ﬂﬁﬂ‘i!m%ﬁ‘ﬁﬂiﬂi
1. ASNAATIUMINBAT

ANINNUNBATINInaN13

WEFUING M nYI

a =

(INHATIIHIAANYYT)

2. Woalg Al 1330 omthihognsmansuazansaume
321 7)
3. e dan muTY (WIS AUATUNISINYAT TLAL 7)
dninaunuasdunoiiotanys 4. MegswEg 4591 IMINMIAUATUMIIAYAT T2A 5)
5. w13z 39999 (UMM AAATUMINBAT TEAD 6)

Finanunyassuns land11sq

AUNNUNEATELNBTELIA

9.
10

11.

WENTNIHY WIHNT
. Wegias yadim

- Tnyn oy

WIDIAYNT TINNDI
CUIBUNT 1Y

WY anaFeusa

(HNIFIMTAUETUMSINYAT T2AV 6)
(INIFMTAVATUMSINYAT T2 6)
(UPIFMSTUATUMITNBAT TZAL 6)
(UNIFMITUATUMITNBAT TZAL 6)
WP IAUATUMINBAT AL 7)

HPAIFMSTAUFTUMSINYAT 52A 6)

12. weszamdo 1w AWM AUFTUMITINYAT AU 6)
dninaunbasdunenie 13. wretiaa udandl (nBATE NN 3281 7)
AINNUNEATEUNBNINAN 14. egnotl WIIFuRDe (ININMIAAATUMIINBAT TEA 7)
15, wenade Weudszn  (indwmsduaiunsineas 328U 6)
16, WAEEUFNG IRATUINN (UNIHMSAUETUMSTINYAT T2A 6)
dninnunsassunethumil 17. szl edqu (1INIFMIAUATUMIINYAT TTAD 6)
dninnunbaIs unoaaus 18. WU (R MINNUMIINEAT 52AD 5)
duinaunbassuneaszluad 19, wendy Sysiadid (ININMIAAFTUMINEAT TZAD 6)
20. wielszus adamsnd  aIInmsdaasumsnas 2AU 6)
ANINNUABATEUNONUDINI 21, WIBHIYYND Tnsiau ININMIAUFTUMSTINYAT 52A 6)
2. nsuvailszmu
Tasamsratlsgmuanys 22, oATA FUH (WerNvalsenu sea 7
thusaassiin
dninauralszmui 10 23. wwessons dayanlay  Geansvalsemu szau 7

4
fheusrisuaziansi



Jiraporn Punprasit

dinanuratlszniuin 10

(GR))

3. psURBNNAY

S o dIQ o v =)
ADIUNAUINAUIINIAANIYT

4
a

24, wiwlszans anven

= 3 QOJ g
25. wwsseAng Usenda

26. WgNYA M

v J =
27. WgaUuUa l1‘1/'IE]L"’UEJ’J

28 w3 Insihu

dnind1srouaznawuns 19 29, weaiana 39509

nau

)
30. H1goAa NIDNITIVINA

31. Mg a ¥y A9nY

32, WUDET1 0YSNHNIATT

v 7 o

33. WYY INY WAUNUN

& 4
34, Wl aola
35, WIEUUNNE HUBIKT
Aa o 4
NNy

= a dJdo J
36. H1IBITYND IAAVIUIA

nsznIanalulad a1saumaAazMIa0as

1. DINRAHNINEN

IS )

aniigaenIngnanys

anilgatonIne1gnnii g

aninauianngaienIine

4

37. MIANNYTA ADINT NG
~ o
38. Wieguna Weowgny
39, wgauy Usimssaal
40. Wotinus gRUBIIAT

a o

41, 1835Y 1514999

NIZTNIIINSNNNIFITUTIALAZAUNAAON

a ¥4

1. P NHYaANIZNIIMTNENNITBITHMAUATFUINAN

AN NUNTNOINTFITUWIALDE

Faunadou

J
v

42. WeTzAna Yayan

Ao

Appendix / 124

(INFIAINGT 5EAU 7)

(mﬂblhwaﬂiwnu FZAU 6)
(Wer1eralsemu s2au 6

1 v
thonaumunazud lvilynisein

(MIFNE15I 52A 6)

ahnthamiwanniiauanys sedu )
(FAn @I unIAsgIuNsa1529811un
funaziian szau 8)
(ﬁmﬁ'ﬁ’;uﬁﬁaiﬁimuﬂﬁuﬁ 25591 8)
(Famhauitenazidadonuninau
FZAU 8)

Famthdaudrsrsmunauii 3 szau 8)
Fathdauinszianmms 19ian
#i2 5o 1))
(ﬁwﬁfﬁauﬁwswﬁumﬁuﬁ 1 520U 8)

(NE1529AU 5201 7)

(3 mihn sy Teunenazin

2R 8)

(HamthgateuIneranys s¢ay 6)

a a o

7
g 9 1
(HIMINUUYNUNING1GNNTIIYW)

(UngAENING] 52A 8)

(R mrhigailoninet s¢au 6)

g
(FHamThngugatiouingunuas sAU 8)

(NFWBINTTITUVIALALTINIAGDY

Tandaanys seAu 8)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 125

2. nsahlsl
o @ 1 o o d v o o 1 @
dninauth i Yaanys 43, WenuoNIY daUg) adwainauth'lif sz 5)
Y A o o a o
3. AIUNSNENNIBIA 44, Neg NI ReILIUAI (INBITAUINGT 520U 8)
¥ A
4. P3UNSWENNIHILIM 45. oA gauvio Tty (INIFIMINTUNTNEINTUILIA19)
nIZTNIININA INY

nsuilesnuuazyssIMa IS
o @ I a 4 @ Y I a wa
1. dninaudleaduuazussimi 46 Wewiag aiahhetlesiunazliams

ABITUNITININANYT LA 7)



Jiraporn Punprasit

(APPENDIX C)

Appendix / 126

Table C-1 The risk area of drought in Lop Buri province devided according to sub-

district

o1UND

A aa P Y o o s °
NUNTEINDMISINANPUAIVININAWYS Swuniusrediva

a0
LGN IZN]

p
weathunals

4
1e9ge

=) =
1. tu@9anys

Tannszimen (U1aaIu)
muA (U19an)
VNTUHNIN (1198I1)
auulng) winumans
nzraguas thena poulng

¥ T o
TwHMdu weay) Tandmu

Tangu thudes wnszaw
VNTUMINA IENEeA Mienal
4 4

thea Insihdu Tnsag nnln
Tandmnu azga eama
£ = 9 '
W30 Fnaes uvey
Tnasy Tannsgdiey N

Qq‘ T
ApU INF (U19871)

sz Tangu

danadaues

2. 1 aus

NAAUNES (UNAIU)

$AUT (V19EIN)

NAANUNYT 1UBST 59N

Fuauysal wnes daus

]
Uy

w
Ee
=
=
=

AINAY (VNEIN)

& )
UNNEW (UNTIU)

FOUNI HUDINTIIEU

A =3
WUOUUDY ADUAY
AINAU (VNTIW)
o Tnlig)

2
Yrangi (U9an) Huiln
9/ 9 Y
IUN318 DIUNAY WMIdoU
Twumned auIuued 11aNa
WUDINTIYYTI VIV

& 9 IS
HUDAUAT TIUT WA

FOUNI (V19EIN)

= 1
HUDUNDI (UNAIU)

4. M3

VNG aueAY landga
a 14 vy o o
POBUN VN MR Had 15

= v v =
Tnsaanaun UNg  awda

5. aszluae

HONTY (U198IN)

& a o <
umIng dewse aseluao

L)

Wanne elua)

aszlued

6. Janiasey

87195710 (U19aIU)

Tanuauans (U19aIn)

HuowzA1 1Mol TannTa

819510 lAnuanans

7. Tand 59

mzudl vuewYN AZUnI 1
AIuZgN Junas Javu

9 <
Tand s milen aguwan

@ 9 9 1
AADING  NUYDUVIN RTASIN

AABUNG (U1AIL)

ael1le (uean)

8. Myag

MUaN (VaIN)

WUBIANLIYN MK Had

unddnga duinh nziadada

1281 (V9aIN)




Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Inf. Man. On Env. and Res.) / 127

Table C-1 The risk area of drought in Lop Buri province devided according to sub-

district (Continue)
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Table C-2 The risk area of drought in Lop Buri province devided according to sub-

district
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Table C-2 The risk area of drought in Lop Buri province devided according to sub-

District (Continue)
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Table D-1 Drought area report of Lop Buri province in 2004
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue)
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue)
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue)
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue)
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue)
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue)

1Y

. . wyihu
3100 fva . :
= A
nyhn ¥o
2. thuTanaueauans 1 TUNUDIDIA
2 Tl lwena
Y ) 4
3 Thugiaaufa
4 Thulanueyens
5 Thulanuauans
6 hulnisgua
7 Tueueen
9/ k3
8 Thueeuuf
9 @ a 4
3. 919370 1 Thufaansuns
9
2 Tue1asn
9/ 9
3 Thueasnies
4 Tuasznas
6 Ty
9/
7 g
8 TRttt
9 STRTGL
9/ @ a k4
10 Thufansuns
9 v Jd a
11 thunswinday
@ I~
4. Janeq 7 Thunueuia
5. MUBINZAT 6 Thunuesdem
A =) a Y 9 13
7. ilesanys 1. fiayadeaues 1 Thuaasih
2 Thuaesih
Y a
3 Thudiay 1
4 thunude lva
9 Ay
5 Thunipeties
6 Thuiinu 2
v
7 Turuead
y g 2
8 ey
9 Tyt 3
9 o A
10 Thududonu
11 uaedinh
Ed
2. Tangu 1 Thuieviiy
2 thuTangu
9 9 o
3 Thutreauium

]
4 VIUHUDILNAY




Jiraporn Punprasit Appendix / 136

Table D-1 Drought area report of Lop Buri province in 2004 (Continue)
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue)

1Y

. . wyihu
3100 fva . :
= A
nyhn ¥o
6 STRUT AT RATH YR
7 Thunuesiium
Y Y
8 Tunueansa
Y o @ 4
9 Thumeduus
) £ a 9y
2. wuin 1 Tnsiudunu
2 Ttiuduny
3 Tulannsy
4 Thusqudn
5 Tunqudn
6 Tusquing
7 Thusiquing
8 Thunaudng
9 TRV AT
9 a A
10 Thunsnuiusitie
11 Thunsnuiuld
v o Y o ~
3. Jadu 1 Tudanszidey
o '
2 Thumauu
3 TRV AR
4 TRV AN
Y o o
5 STRTRRRIT,
6 TUNIUN O
o thunaeesug (u1lan)
4. veT1)q 1 Thuiiae il
2 STRIT R CABIN]
3 TR AR TR IR
4 Muriueavios
9/ Y
5 Thumuuenrquin
6 Thuasensuiuns
7 Tuaszns
8 Tuasensuun
Y
9 Thumuesy
G4
10 STRITRRGRREY
1 Thuagnsuma
12 Thutlos

5. qaennsy 1 ﬂ’mazunim




Jiraporn Punprasit

Appendix / 138

Table D-1 Drought area report of Lop Buri province in 2004 (Continue)

'Y

. . wyihu
100 fMua - :
= A
nyn ¥o
9 A
2 TuazunsumMile
3 huruead s
4 STRITE EA RN
5 Thunaaziding)
6 Thuranes
7 thunueye
8 Tuazunswld
9 9
9 Thuazunsnios
10 Thusnlneg
1 Tunueudfu
9 =
12 TuruedIninod
13 thuTanuaslug)
14 Tumd 15arios
15 Tyl Tannsy
9 ]
6. AADIING 1 Thuuzauan
2 unasng
3 unaeINzu
9/ @
4 Thumueanf?
9 @
5 uing
8 Ty
9 Thunuesunlies
10 SIRITICRITIIR
7. milen 1 Tumiiea
9/ =
2 Thumiioa
9 =)
3 Tumiiena
4 Tuunwld
5 Tyl
6 Turuealdes
9 =
7 Tumiiea
9 ~ @
8 Thumiieasiann
9 Tuunwldnies
10 Turueazun
8. HUBILLUY 1 Tung
2 Tulisiann
13 hulsnsy




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inf. Man. On Env. and Res.) / 139

Table D-1 Drought area report of Lop Buri province in 2004 (Continue)
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue)
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Source: Lop Buri Disaster Prevention and Migration Office
Remark: There were only 8 districts from 11 districts reported on drought in 2004
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