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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 (X1), slope (X2), land 

use (X3), elevation (X4), distance from irrigated area (X5), and average annual rainfall (X6). The 

forecasting model for this research was Y = 2.858 - 0.174 X1 + 0.224 X2 – 0.152 X3 + 0.183 X4 - 0.087 

X5 - 0.162 X6  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  

km2 (81.44%) and scattered throughout study area while low level of drought risk area covered 334.39 

km2 (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 km2 (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. 
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บทคัดยอ 
 งานวิจัยครั้งนี้มีวัตถุประสงคเพื่อศึกษาปจจัยทางดานสิ่งแวดลอมที่มีอิทธิพลตอการเกิดภัยแลงใน
จังหวัดลพบุรี ซึ่งจะประกอบดวย ปจจัยดานอุตุนิยมวิทยา ดานภูมิประเทศ ดานอุทกวิทยา ดานอุทกธรณีวิทยา ดาน
ปฐพีวิทยา และการใชประโยชนที่ดิน โดยใหผูเช่ียวชาญและตัวแทนบุคลากรจากหนวยงานภาครัฐที่เกี่ยวของ 
จํานวน 46 คน เปนผูใหคาคะแนนความเหมาะสมของปจจัย (Weighting) และคาน้ําหนักคะแนนของระดับปจจัย 
(Rating) และทําการศึกษาความสัมพันธระหวางความเสี่ยงในการเกิดภัยแลงกับปจจัยสิ่งแวดลอมที่มีอิทธิพลตอ
การเกิดภัยแลง ดวยวิธีการวิเคราะหถดถอยพหุแบบขั้นตอน (Stepwise Regression Analysis) ที่ระดับความ
เช่ือมั่น 95% และทําการประเมินศักยภาพของพื้นที่ที่เสี่ยงตอการเกิดภัยแลงที่ระดับความรุนแรงตางๆ โดยการ
ประยุกตใชระบบสารสนเทศภูมิศาสตร (Geographic Information System)  
 ผลการศึกษาความสัมพันธของปจจัยที่มีอิทธิพลตอการเกิดภัยแลงกับความเสี่ยงในการเกิดภัยแลง 
พบวา ปจจัยที่มีอิทธิพลตอการเกิดภัยแลงอยางมีระดับนัยสําคัญทางสถิติที่ระดับความเชื่อมั่น 95% มี 6 ตัวแปร คือ 
จํานวนวันฝนตกรายปเฉลี่ย (X1) ความลาดชันของพื้นที่ (X2) การใชประโยชนที่ดิน (X3) ระดับความสูงของพื้นที่ 
(X4) ระยะหางจากพื้นที่ชลประทาน (X5) และปริมาณน้ําฝนรายปเฉลี่ย (X6) โดยมีสมการพยากรณความเสี่ยงใน
การเกิดภัยแลงดังนี้ Y = 2.858 - 0.174 X1 + 0.224 X2 – 0.152 X3 + 0.183 X4 - 0.087 X5 - 0.162 X6 โดย
สมการนี้สามารถอธิบายความผันแปรของความเสี่ยงในการเกิดภัยแลงไดรอยละ 85.30 สําหรับปจจัย ปริมาณน้ําใต
ดิน และคุณสมบัติในการระบายน้ําของดิน พบวา ไมมีความสัมพันธกับความเสี่ยงในการเกิดภัยแลงของพื้นที่
ศึกษาอยางมีนัยสําคัญทางสถิติที่ระดับความเชื่อมั่น 95% 
 ผลการศึกษาพื้นที่เสี่ยงตอการเกิดภัยแลง พบวา พ้ืนที่สวนใหญมีความเสี่ยงตอการเกิดภัยแลงในระดับ
ปานกลาง ครอบคลุมพื้นที่ 5,296.05 ตารางกิโลเมตร (81.44 %) พบกระจายอยูทั่วพ้ืนที่ศึกษา พ้ืนที่เสี่ยงตอการเกิด
ภัยแลงในระดับต่ํา ครอบคลุมพื้นที่ 334.39 ตารางกิโลเมตร (5.14 %) พบมากบริเวณตอนใตและตอนกลางของ
พ้ืนที่ศึกษา และพื้นที่เสี่ยงตอการเกิดภัยแลงในระดับสูง จะครอบคลุมพื้นที่ศึกษานอยที่สุด ประมาณ 232.08 
ตารางกิโลเมตร (3.57 %) พบทางดานทิศเหนือ ทิศใต และทิศตะวันออกเฉียงใตของจังหวัดลพบุรี ทั้งนี้ผล
การศึกษาพื้นที่เสี่ยงตอการเกิดภัยแลงสวนใหญมีความสอดคลองกับรายงานพื้นที่ประสบภัยแลงของจังหวัดลพบุรี 
 
141 หนา ISBN 974-04-7145-5 
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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 km2. Most of populations are in agricultural sector. 

Agricultural area of Lop Buri province is 4,794.92 km2 (77 percent of the total area). 

There were four land use types such as paddy field is around 1,707.35 km2, field crops 

covering 2,889.32 km2, orchard covering 97.35 km2, and vegetables covering 100.82 

km2 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 km2 (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 km2 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 km2, 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. 
 

 
 

 

Figure 1-1: Conceptual framework of the study 
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Fac. Of Grad. Studies. Mahidol Univ.                M.Sc. (Inf. Man. on Env. and Res.) / 5 

 
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 II 

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. 

 

 
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:  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. 

 In 1969:  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. 

 In 1978: There was a report mentioning that drought happened since June 

to mid of August, covering areas throughout the country. 

 In 1980: 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. 

 In 1986: 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. 

 In 1987: 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: 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. 

 In 1991: 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. 

 In 1992: 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. 

 In 1993: 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) Artificial 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 
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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 



Jiraporn Punprasit                                                 Literature Review / 18 

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 
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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 = W1 x R1j + W2 x R2j + W3 x R3j + … + Wn x Rnj 

 

                    

  

 

 

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. 

 

              When                   S  = Level of total score of factors 

  W1 to Wnj  = Importance score of factor 

R1j to Rnj  = Score of sub factor j from factor 1 to n 
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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 = W1 x R1 + W2 x R2 + W3 x R3 + … + Wn x Rn 

          W1 + W2 + W3 + … + Wn 

 

 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 = W1 x R1 + W2 x R2 + W3 x R3 + … + Wn x Rn 

 

 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 

assess for destiny variables 

Limit in relation of variable 

combination 

2) Nonlinear combination Reduce the relations between 

variables and can replace Linear 

combination 

Observer must have 

experience about related 

variables 

3) Factor combination Factors that used for consideration 

are independent and easier 

calculation 

Observer must have 

experience about related 

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 
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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 km2 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 

km2 while 0.5 percent of slope is 5,689.78 km2 as shown in Table 2-2 and 2-3 (40). 

 

Table 2-2  The elevation level in Lop Buri province 

Elevation level (meters) Area (km2) 

                                     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 (km2) 

      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. 
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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 oC. Also December is the coldest month that the 

average temperature is about 13.4 oC (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 (km2) 

Choa Phrya Choa Phrya alluvial plain  3,356.18 

Pasak 3rd 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 km2 as shown in Table 2-5. (40) 
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Table 2-5 Surface water area in Lop Buri province 

Type of water resource Area (km2) 

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 km2 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 km2 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 

Area (km2) 
Land use 

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 km2, the second is Tha Wung district by 209 

persons per km2 and Ban Mi being the third by 148 persons per km2. (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 III 

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 

Data type Spatial  

data 

Additional 

 data 

Original  

sources 

Digital  

sources 

1. Administrative area 

  Province, District,  

    Sub-district 

 Polygon 

 

 Name  Department of   

   Provincial  

   Administration 

 Department of  

   Environmental    

   Quality Promotion,  

   2005 

2. Meteorology 

      average annual     

       rainfall 

 Polygon 

 

 Volume 

 

 The Meteorological  

Department of 

Thailand 

 Interpolate by GIS  

   Analysis, 2005 
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Table 3-1 Data and their sources (Continue) 
Data type 

Data type Spatial  

data 

Additional 

 data 

Original  

sources 

Digital  

sources 

      frequency of      

       rainfall days 

 Polygon  Days  The Meteorological  

Department of 

Thailand 

 Interpolate by GIS  

   Analysis, 2005 

3. Topography 

       Slope 

      Elevation 

 

 Polygon 

 Polygon 

 

 Percent 

 Level 

 

 Department of      

   Topological  

    Military 

 

 Department of   

   Environmental   

   Quality Promotion, 

2005 

4. Hydrology 

      Irrigation area 

 

 

 

     Water body    

 

 Polygon 

 

 

 

 Polygon 

 

 Name 

 

 

 

 Name 

 

 Royal Irrigation   

    Department 

 

 

 Department of      

   Topological   

    Military 

 

 Department of   

   Environmental   

   Quality Promotion, 

   2005 

5. Hydrogeology 

       Volume of   

       groundwater       

        

 

 Polygon 

 

 Volume 

 

 Department of   

   Groundwater  

   Resources 

 

 Department of   

   Groundwater  

    Resources, 2005 

6. Pedology 

       Soil drained 

 

 Polygon 

 

 Type 

 

 Land Development 

    Department 

 

 Department of   

   Environmental   

   Quality Promotion, 

   2005 

7. Land use  Polygon Type of  landuse 

 Paddy field 

 Field crops 

 Orchards and    

   Parennial crops 

 Forest land 

 Miscellaneous   

   land 

 Land Development  

    Department 

 Department of   

   Environmental   

   Quality Promotion,   

   2005 
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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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Figure 3-1: Research methodology 
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concerned governmental 
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through questionnaires 
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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 oC (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 

   Elevation 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 
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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 m3/hr 

 Volume of groundwater > 2 - 10 m3/hr 

 Volume of groundwater > 10 - 20 m3/hr 

 Volume of groundwater > 20 m3/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 classifying 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 

 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. 

 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  

5 1 
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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 + b1 X1 + b2 X2 + b3 X3+ b4 X4+ b5 X5 + b6 X6 + b7 X7 + b8 X8 
 

 
when                Y = Risk value of drought 

  b0   = Constant Coefficient 

         b1, b2,…, bk   = Coefficient of independent factor i where i = 1, 2,..., k 

X1 = Frequency of rainfall days (day) 

X2   = Slope (percent, %) 

X3   = Land use (type) 

X4 = Elevation (meters) 

X5 = Distance from irrigated area (kilometers, km) 

X6 = Average annual rainfall (millimeters, mm) 

X7 = Volume of groundwater  (m3/hr) 

X8 = 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 = W1 x R1j + W2 x R2j + W3 x R3j + … + Wn x Rnj  
 
                    

where              S  =  Efficient or risk level in study area 
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  W1 to Wnj  =  Weighting of each factor 

          R1j to Rnj   =  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 

          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. 
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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 Identification 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 km2 (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 km2 

(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 km2 (4.90%). The steep 

area (more than 30 percent of slope) covers less part by only 99.71 km2 (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 

km2 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 

km2 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 km2 (88.17%). The second following is on 

elevation of 200-400 meters covering 649.85 km2 (10%). The elevation of 400-600 

meters is the third group covering 107.69 km2 (1.65%) while the elevation more than 

600 meters is the fourth one covering 11.60 km2 (0.18%) as shown in Table 4-2 and 

Figure 4-2. 

 

Table 4-2  The Elevation level in Lop Buri Province 

Area 
Elevation level 

(meters) km2 Percent 

              ≤ 200   5,733.57 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 km2 (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. 

No. Station Name 

Frequency of 

rainfall days  

(day/year) 

Average annual 

rainfall 

(mm/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) 

No. Station Name 

Frequency of 

rainfall days 

(day/year) 

Average annual 

rainfall 

(mm/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 km2 (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 km2 (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 km2 (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 km2 (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 

Area Annual Rainfall Average 

(mm/year) km2 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 km2 (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 km2 (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 km2 (20.96%) while frequency of rainfall day less than or 

equal to 60 covers 432.49 km2 (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 km2 (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 

Area Frequency of rainfall days 

(day/year) km2 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

Source : By data analysis, 2006
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4
Geographic Information System for drought risk area assessment by regression analysis in Lop Buri province

Legend : Average annual rainfall

District

< 1000 mm/year
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Figure 4-4 : Frequency of rainfall day map of Lop Buri province

Source : By data analysis, 2006
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Geographic Information System for drought risk area assessment by regression analysis in Lop Buri province

Legend : Frequency of rainfall day 

District

< 60 day/year

> 60 - 70 day/year

> 70 - 80 day/year

> 80 - 100 day/year

> 100 day/year

 



 Fac. of Grad. Studies, Mahidol Univ.           M.Sc. (Inf. Man. On Env. and Res.) / 61

 
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 km2 (28.18%). The 

second is areas locating less than or equal to 2 kilometers from irrigated area covering 

1,529.01 km2 (23.51%). The next following is areas locating more than 6 kilometers 

covering 1,416.49 km2 (21.79 %) while areas locating more than 4-6 kilometers 

distanced from irrigated area are 1,355.12 km2 (20.84%). The least part is area in 

irrigation site as it covers only 369.53 km2 (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 

Area Irrigation Area 

(kilometers) km2 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 
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Figure 4-5 : Distance from irrigated area map of Lop Buri province

Source : Department of Environmental Quality Promotion, 2005
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Geographic Information System for drought risk area assessment by regression analysis in Lop Buri province

Legend : Distance of irrigated area 
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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 m3/hr 2) more than 2-10 m3/hr 3) more than 10-20 m3/hr 4) more 

than 20 m3/hr. 

The finding reveals the fact that most part of Lop Buri province has 

groundwater volume more than 2-10 m3/hr covering 2,636.51 km2 (40.55%). The 

second is area of less than or equal to 2 m3/hr of groundwater volume which covers 

2,290.55 km2 (35.22%). The next one is area of more than 10-20 m3/hr of groundwater 

volume which covers 1,370.38 km2 (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 m3/hr of groundwater volume. It 

covers 205.27 km2 (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 

Area Volume of Groundwater 

(m3/hr) km2 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 km2 (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 km2 (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 km2 (15.83%). 

Poorly drained soil is the next group found in the study area covering 

799.69 km2 (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 km2 (0.68%) as shown in Table 4-8 

and Figure 4-7. 

 

Table 4-8 The soil Drainage in Lop Buri Province 

Area 
Drainage Type 

km2 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

Source : Department of Groundwater Resources, 2005
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Geographic Information System for drought risk area assessment by regression analysis in Lop Buri province

Legend : Volume of groundwater
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Figure 4-7 : Soil drainage map of Lop Buri province

Source : Department of Environmental Quality Promotion, 2005
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Geographic Information System for drought risk area assessment by regression analysis in Lop Buri province

Legend : Soil drainage
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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 km2 (50.60%). The next group 

is paddy field which covers 1,503.56 km2 (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 km2 (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 km2 (1.05%) as shown in Table 4-9 and Figure 4-8.  
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Table 4-9  The Land use characteristics in Lop Buri Province 
 

Area 
Land Use Type 

km2 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

Source : Department of Environmental Quality Promotion, 2005
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Geographic Information System for drought risk area assessment by regression analysis in Lop Buri province

Legend : Land use
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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 Factor 
1 2 3 4 5 

Number of 
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 5 6 33 46 

3. Hydrology       
 Distance of irrigated area 8 3 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 = b0 + b1 X1 + b2 X2 + b3 X3+ b4 X4+ b5 X5 + b6 X6 + b7 X7 + b8 X8 
 
 

when                Y = Risk value of drought 

  b0   = Constant Coefficient 

         b1, b2,…, bk   = Coefficient of independent factor i where i = 1, 2,..., k 

X1 = Frequency of rainfall days (day) 

X2   = Slope (percent, %) 

X3   = Land use (type) 

X4 = Elevation (meters) 

X5 = Distance from irrigated area (kilometers, km) 

X6 = Average annual rainfall (millimeters, mm) 

X7 = Groundwagter volume (m3/hr) 

X8 = 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 (X1), slope (X2), elevation (X4), distance of irrigated area (X5), and average 

annual rainfall (X6). 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 X2 X3 X4 X5 X6 X7 X8 

Y   1.000         

X1      -0.619**  1.000 

X2       0.510**   0.056       1.000 

X3      -0.160  0.149    0.358    1.000 

X4       0.543** -0.066    0.643** 0.249  1.000 

X5      -0.484**     0.326*  -0.181    0.080    -0.067  1.000 

X6     -0.485**       0.836    0.184 0.220  0.109      0.159**   1.000 

X7      -0.338*   0.434    0.089    0.362   0.090      0.390      0.466    1.000 

X8       0.325   0.087    0.577  0.491  0.578 -0.136    0.172    0.326**  1.000 

X    1.740  4.500    3.330      3.890  3.090 3.740      4.520    3.740    3.590 

SD    0.575  0.937    1.055     1.038  1.071 1.527   0.937    0.929    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 (X1), 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 X1              ------------------- (1) 

 

In the first model, multiple correlation coefficient is 0.619 while 

multiple coefficient of determination (R2) is 0.383. It means that drought risk (Y) can 

be explained through independent variable of frequency of rainfall days (X1) 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 

Coefficients 

standardized 

Coefficients 
Model Independent variable 

B 
Std. 

Error 
Beta 

T Sig. 

No. (Constant)   3.448 0.334    10.330 0.000 

1 Frequency of rainfall days (X1) - 0.380 0.730 - 0.619 - 5.227 0.000 

R = 0.619          R2 = 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 (X2). 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 X1 + 0.298 X2                         ------------------- (2)     

 

In the second model, multiple correlation coefficient (R) is 0.825 while 

multiple coefficient of determination (R2) is 0.680. It means that drought risk (Y) can 

be explained through independent variable of frequency of rainfall days (X1) 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 

Coefficients 

Standardized 

Coefficients 
Model Independent variable 

B 
Std. 

Error 
Beta 

T Sig. 

No. (Constant)   2.543 0.282     9.019 0.000 

1 Frequency of rainfall days (X1) -0.399 0.053       -0.650  -7.524 0.000 

2 Slope (X2)   0.298 0.047 0.546  6.326 0.000 

    R = 0.825          R2 = 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 X1 + 0.355 X2 – 0.168 X3            -------------------- (3) 

 

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

0.871 while multiple coefficient of determination (R2) is 0.759. It means that drought 
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risk (Y) in the study area can be explained through independent variable of frequency 

of rainfall days (X1), 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 

Coefficients 

standardized 

Coefficients 
Model 

Independent 

variable 

B 
Std. 

Error 
Beta 

T Sig. 

No. (Constant)   2.896 0.265  10.909 0.000 

1 Frequency of rainfall days (X1) -0.375 0.047 -0.611 -7.972 0.000 

2 Slope (X2)   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          R2 = 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 X1 + 0.260 X2 – 0.174 X3 + 0.148 X4    ------------ (4) 

 

In the fourth model, multiple correlation coefficient (R) is equal to 

0.896 and multiple coefficient of determination (R2) is 0.803. It means that drought 

risk (Y) in the study area can be explained through independent variables of frequency 

of rainfall days (X1), slope (X2), 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 

Coefficients 

standardized 

Coefficients 
Model 

Independent 

variable 

B 
Std. 

Error 
Beta 

T Sig. 

No. (Constant)   2.697 0.252  10.704 0.000 

1 Frequency of rainfall days (X1) -0.356 0.043 -0.620 -8.199 0.000 

2 Slope (X2)   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 = 0.896          R2 = 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 (X5). Distance from 

irrigated area has negative relationship with drought risk (Beta = -0.199) as shown in 

the model 5 as: 

 

 Y = 2.817 - 0.315 X1 + 0.225 X2 – 0.161 X3 + 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 (R2) is 0.835. It means that drought risk (Y) 

in the study area can be explained through independent variables of frequency of 

rainfall days (X1), slope (X2), land use (X3), elevation (X4) and distance from irrigated 

area (X5) 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 

Coefficients 

standardized 

Coefficients 
Model 

Independent 

variable 

B 
Std. 

Error 
Beta 

T Sig. 

No. (Constant)  2.817 0.237  11.896 0.000 

1 Frequency of rainfall days (X1) -0.315 0.043 -0.514 -7.378 0.000 

2 Slope (X2)  0.225 0.049  0.412   4.569 0.000 

3 Land use (X3) -0.161 0.039 -0.291 -4.162 0.000 

4 Elevation (X4)  0.162 0.046  0.303   3.555 0.001 

5 Distance from Irrigated area (X5) -0.075 0.026 -0.199 -2.824 0.007 

R = 0.914          R2 = 0.835          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 (X6). 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 X1 + 0.224 X2 – 0.152 X3 + 0.183 X4 - 0.087 X5 - 0.162 X6   ----- (6) 

 

As shown in the sixth model, multiple correlation coefficient (R) is 

equal to 0.924 and multiple coefficient of determination (R2) is 0.853. It can be 

interpreted that drought risk (Y) can be explained by independent variables of 

frequency of rainfall days (X1), slope (X2), land use (X3), elevation (X4), distance from 

irrigated area (X5) and average annual rainfall (X6) 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 

Coefficients 

standardized 

Coefficients 
Model 

Independent 

variable 
B 

Std. 

Error 
Beta 

T Sig. 

No. (Constant)   2.858 0.227  12.584 0.00 

1 Frequency of rainfall days (X1) -0.174 0.077 -0.283 -2.265 0.029 

2 Slope (X2)   0.224 0.047  0.411  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 (X5) -0.087 0.026 -0.231 -3.354 0.002 

6 Average annual rainfall (X6) -0.162 0.074 -0.264 -2.186 0.035 

R = 0.924          R2 = 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 0.411 

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 
Factor Criterion 

1 2 3 4 5 

Number of 

experts 

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 

Factor Criterion 1 2 3 4 5 

Number  

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 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       

  ≤  2  m3/ hr - 1 1 18 26 46 

   > 2-10  m3/ hr    - 3 23 17 3 46 

   > 10-20 m3/ hr 1 26 17 2 - 46 

   > 20 m3/ 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 

Factor Criterion 1 2 3 4 5 

Number  

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 4.913 

  > 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 2.413 

  > 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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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  4.913 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  2.413 0.683 

  > 100 day/year  1.413 0.400 

 

SDA   = 

 

 

When      SDA   = 

Rn  = 

(0.411x R1) + (0.341 x R2) + (0.283 x R3) + (0.264 x R4)    

+ (0.231 x  R5) + (0.274 x  R6) 

 

Suitability of Drought Area 

Rating Value of Criterionn 
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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 

          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 km2 (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 km2 (5.14 

%). The last group is area of high risk of drought which its total score is more than 

326.024, covering 232.08 km2 (3.57%). Masking areas in this study cover surface 

water source area, urban and built-up land of 640.20 km2 (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 (km2) 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 km2 (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 km2 (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 km2 (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 km2 consequently or 



 Fac. of Grad. Studies, Mahidol Univ.           M.Sc. (Inf. Man. On Env. and Res.) / 87

 
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 

km2 (8.66 percent of the paddy field area). The second is forest land and field crops 

area over 13.68 and 88.81 km2 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 km2 (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 km2 (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 km2 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 km2 (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 km2 (91.29 percent of field crops area). Paddy 

field is the second one covering 1,364.08 km2 (90.72 percent of the paddy field area). 

Forest land is the third one covering area of 817.13 km2 (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 km2 (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 km2 (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 km2 (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 km2 

(5.75 percent of the field crops area) while the second following are forest land and 

others covering 39.64 and 2.76 km2 (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 km2 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 (km2) and percentage of district area, identified by drought risk level 

District 
Low risk Moderate risk High risk Total 

Muang Lop Buri 78.40 

(10.34) 

379.61 

(50.09) 

69.94 

(9.23) 

527.95 

(100) 

Tha wung 0.09 

(0.04) 

221.16 

(88.07) 

0.08 

(0.03) 

221.33 

(100) 

Ban Mi 9.01 

(1.66) 

494.48 

(90.95) 

11.39 

(2.09) 

514.88 

(100) 

Nong Muang  0.00 

(0.00) 

437.75 

(96.01) 

9.41 

(2.06) 

447.16 

(100) 

Sra Bost 4.06 

(1.26) 

309.04 

(95.91) 

3.93 

(1.22) 

317.03 

(100) 

Khok Samrong 2.03 

(0.29) 

652.11 

(92.53) 

5.82 

(0.83) 

659.96 

(100) 

Khok Chareon 2.06 

(0.39) 

488.48 

(92.92) 

27.51 

(5.23) 

518.05 

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

Area (km2) and percentage of district area, identified by drought risk level 
District 

Low risk Moderate risk High risk Total 

Phatthana Nikom 10.56 

(1.21) 

692.40 

(79.30) 

39.44 

(4.52) 

742.40 

(100) 

Tha Luang 12.82 

(3.22) 

332.81 

(83.49) 

12.64 

(3.17) 

358.27 

(100) 

Chai Badan 173.68 

(15.30) 

849.39 

(74.81) 

39.29 

(3.46) 

1,062.36 

(100) 

Lam Son Thi 41.68 

(7.80) 

438.81 

(82.15) 

12.63 

(2.36) 

493.12 

(100) 

Total 
334.39 

(5.14) 

5,296.04 

(81.44) 

232.08 

(3.57) 

5,862.51 

(90.15) 

Remark: The area from GIS analysis 

* Masking area in this study covering 640.20 km2 (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 (km2) and percentage of district area, identified by drought risk level 
Land use type 

Low risk Moderate risk High risk Total 

Paddy field                    130.17 

            (8.66) 

1,364.08 

(90.72) 

0.36 

(0.02) 

1,494.61 

(100) 

Field crops 88.81 

(2.70) 

3,003.84 

(91.29) 

189.07 

(5.75) 

3,281.71 

(100) 

Orchards and 

Perennial crops 

2.89 

(3.80) 

72.75 

(95.69) 

0.25 

(0.33) 

75.89 

(100) 

Forest land 
98.85 

(10.34) 

817.13 

(85.44) 

39.64 

(4.14) 

916.70 

(100) 

Miscellaneous 

land 

13.68 

(19.95) 

38.25 

(55.78) 

2.76 

(4.03) 

54.69 

(100) 

Total 
334.39 

(5.14) 

5,296.04 

(81.44) 

232.08 

(3.57) 

5,862.51 

(100) 

Remark: The area from GIS analysis 

* Masking area in this study covering 640.20 km2 (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  

environmental factor Factor 

Low risk Moderate risk High risk 

Slope     

 Slope ≤3%    

 Slope > 3-8%    

 Slope > 8-16%    

 Slope > 16-30%    

 Slope > 30%    

Elevation    

 Elevation ≤200 meters    

 Elevation > 200-400 meters    

 Elevation > 400-600 meters    

 Elevation > 600-800 meters    

Annual rainfall average    

 ≤  1,000 mm/year    

 > 1,000-1,200 mm/year    

 > 1,200-1,300 mm/year    

 > 1,300-1,400 mm/year    

 > 1,400 mm/year    

Frequency of rainfall days    

 ≤  60 day/year    

 > 60-70 day/year    

 > 70-80 day/year    

 > 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  

environmental factor Factor 

Low risk Moderate risk High risk 

Distance of Irrigated area    

 Distance of Irrigated area ≤  2 km    

 Distance of Irrigated area > 2-4 km    

 Distance of Irrigated area > 4-6 km    

 Distance of Irrigated area > 6 km    

Land use characteristics    

 Paddy field    

 Field crops    

 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 oC 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 
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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 km2 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 km2 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 km2 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 

Amount 
Agricultural area loss (km2) 

District Sub-

district 

Village Paddy 

field  

Field 

crops 

Orchard Total 

Property loss value 

(Baht) 

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 66 533 314.92 330.47 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 (R2 = 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 X1 + 0.224 X2 – 0.152 X3 + 0.183 X4 – 0.087 X5 – 0.162 X6 

 

When   Y = drought risk value 

X1 = frequency of rainfall days (day) 

X2 = slope (percent, %) 

X3 = land use (type) 

X4 = elevation (meters) 

X5 = distance of irrigated area (kilometers, km) 

X6 = 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 km2 (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 km2 (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 

km2 (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 km2 (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 km2 (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 km2 (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 km2 (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 km2 (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 

km2 (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 km2 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. 
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(APPENDIX A) 
 

แบบสอบถาม 

สําหรับผูเชี่ยวชาญและตัวแทนบุคลากรจากหนวยงานภาครัฐ 

เพื่อประกอบการทําวิทยานพินธ 
เร่ือง ระบบสารสนเทศภูมิศาสตรเพื่อประเมินหาพื้นทีเ่สี่ยงตอการเกดิภัยแลง 

โดยวเิคราะหการถดถอย จังหวัดลพบุรี 
(Geographic Information System for Droughts Risk Area Assessment  

By Regression Analysis in Lop Buri Province) 
 

 

จัดทําโดย 

 
นางสาวจิราภรณ  พูนประสทิธิ์ 

รหัสประจําตัวนักศึกษา  4637563  ENIM/M 

นักศึกษาหลักสูตรปริญญาวิทยาศาสตรมหาบัณฑิต 

สาขาวิชา การจัดการสารสนเทศสิ่งแวดลอมและทรัพยากร 
คณะสิ่งแวดลอมและทรัพยากรศาสตร  มหาวิทยาลัยมหิดล 

 

วันที่ตอบแบบสอบถาม....................................... 

ช่ือ-นามสกุล.......................................................ตําแหนง................................................................. 

ระดับ...................................สถานที่ปฏิบัติงาน................................................................................. 

ฝาย...............................................................กอง............................................................................... 

กรม .........................................................กระทรวง.......................................................................... 
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แบบสอบถามตัวแทนบุคลากรจากหนวยงานภาครัฐ 

เรื่อง ระบบสารสนเทศภูมิศาสตรเพื่อประเมินหาพื้นที่เสี่ยงตอการเกิดภัยแลง จังหวัดลพบุรี 

_______________________________________________________________________
คําชี้แจง  แบบสอบถามนี้เปนสวนหนึ่งของการศึกษาวิจัยเร่ือง“ระบบสารสนเทศภูมิศาสตรเพื่อ
ประเมินหาพื้นที่เสี่ยงตอการเกิดภัยแลงจังหวัดลพบุรี”เพื่อสํารวจแนวคิดตอรายละเอียดของปจจัยดาน
ส่ิงแวดลอมทางกายภาพที่มีอิทธิพลตอการเกิดภัยแลงจากบุคลากรหนวยงานภาครัฐที่มีอํานาจหนาที่
สามารถตัดสินใจในการดําเนินงานดานการวางแผนงาน/การจัดการทรัพยากรธรรมชาติและ
ส่ิงแวดลอมรวมถึงการจัดการเกี่ยวกับพื้นที่เส่ียงตอการเกิดภัยตามธรรมชาติ โดยมีวัตถุประสงคเพื่อ
ประกอบการทําวิทยานิพนธของนักศึกษาระดับปริญญาโทสาขาการจัดการสารสนเทศสิ่งแวดลอม
และทรัพยากร คณะสิ่งแวดลอมและทรัพยากรศาสตร มหาวิทยาลัยมหิดลเพื่อนําผลที่ไดจากการศกึษา
มาเปนแนวทางในการวางแผนการจัดการพื้นที่ที่ประสบปญหาภัยแลงในจังหวัดลพบุรีใหเปนไป
อยางเหมาะสมและมีประสิทธิภาพอันจะนําไปสูการชวยลดความเสียหายที่จะเกิดขึ้นในพื้นที่ตอไป 

 ในการนี้ผูวิจัยมีความจําเปนที่ตองการจะทราบขอมูลใน 2 ลักษณะดังนี้ 
สวนที่ 1 ขอมูลเกี่ยวกับความเหมาะสมของปจจัยส่ิงแวดลอมทางกายภาพที่มีอิทธิพลตอ  
                การเกิดปญหาภัยแลง (Weighting) 

สวนที่ 2 ขอมูลเกี่ยวกับความเหมาะสมของระดับปจจัยยอยที่ใชในการศึกษา (Rating) 
  

ฉะนั้น ผูวิจัยจึงใครของความกรุณาจากทานในการใหความรวมมือตอบแบบสอบถาม 
และตอบคําถามใหครบทุกขอ เพื่อประโยชนในการศึกษาวิจัยคร้ังนี้ดวย โดยทําเครื่องหมาย √ ลงใน 
[   ] หรือเติมคําลงในชองวางที่กําหนดไวให คําตอบของทานทุกขอมีความสําคัญยิ่งตอการ
ศึกษาวิจัย (ขอความกรุณาตอบกลับภายในวันท่ี 22 พฤศจิกายน  2548 จักเปนพระคุณยิ่ง) 

 

จึงเรียนมาเพื่อพิจารณา จะขอบคุณยิ่ง 

             ขอแสดงความนับถือ 

     ...............................................      ..................................................... 
                (ผศ.ประพฤติ  เกิดสืบ)                (นางสาวจิราภรณ  พูนประสิทธิ์) 

   ประธานควบคุมวิทยานิพนธ           ผูดําเนินการวิจัย 
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สวนที่ 1  แบบสอบถามเกี่ยวกับความเหมาะสมของปจจัยหลักท่ีนํามาใชในการศึกษา   

 การวิจัยคร้ังนี้ประกอบดวยการศึกษาปจจัยดานสิ่งแวดลอมทางกายภาพที่มีอิทธิพลตอ
การเกิดปญหาภัยแลงดวยวิธีการประยุกตใชแบบจําลองทางคณิตศาสตรรวมกับระบบสารสนเทศ
ภูมิศาสตร โดยมีการรวบรวมขอมูลปจจัยตางๆ จากแหลงขอมูลทุติยภูมิ และเอกสารงานวิจัยที่
เกี่ยวของ และดําเนินการจัดทําฐานขอมูลระบบสารสนเทศภูมิศาสตร (ตารางที่ 1) 

 สําหรับการใหคาน้ําหนักคะแนนความเหมาะสมของปจจัยที่นํามาใชในการศึกษา ทาน
สามารถใหคาน้ําหนักคะแนนในชองขวามือ ซ่ึงจะมีชวงคะแนนตั้งแต 1 ถึง 5 (กรุณาทําเครื่องหมาย 
√ เพื่อใหคาน้ําหนักในแตละปจจัยหลัก)   

โดยกําหนดให 

 คะแนน  5  หมายถึง  ปจจัยดังกลาวเปนปจจัยที่มีความสําคัญตอการเกิดปญหาภัย
แลงในระดับสูงมาก หรือเปนปจจัยที่มีความเหมาะสมที่จะใชในการศึกษามากที่สุด 

 คะแนน  4   หมายถึง  ปจจัยดังกลาวเปนปจจัยที่มีความสําคัญตอการเกิดปญหาภัย
แลงในระดับสูง หรือเปนปจจัยที่มีความเหมาะสมที่จะใชในการศึกษามาก 

 คะแนน  3  หมายถึง  ปจจัยดังกลาวเปนปจจัยที่มีความสําคัญตอการเกิดปญหาภัย
แลงในระดับปานกลาง หรือเปนปจจัยที่มีความเหมาะสมที่ใชในการศึกษาปานกลาง 

 คะแนน  2  หมายถึง  ปจจัยดังกลาวเปนปจจัยที่มีความสําคัญตอการเกิดปญหาภัย
แลงในระดับต่ํา หรือเปนปจจัยที่มีความเหมาะสมที่ใชในการศึกษานอย 

 คะแนน  1  หมายถึง  ปจจัยดังกลาวเปนปจจัยที่มีความสําคัญตอการเกิดปญหาภัย
แลงในระดับต่ําท่ีสุด หรือเปนปจจัยที่มีความเหมาะสมที่ใชในการศึกษานอยท่ีสุด 

ตารางที่ 1  แสดงขอมูลปจจัยส่ิงแวดลอมที่มีอิทธิพลตอการเกิดปญหาภัยแลง จังหวัดลพบุรี 

คาน้ําหนักคะแนน ปจจัยหลัก 

ท่ีใชในการศึกษา 

ความสําคัญของปจจัยหลัก 

ท่ีใชในการศึกษา 1 2 3 4 5 

1. ปริมาณน้ําฝนรายปเฉลี่ย ปริมาณน้ําฝนเปนปจจัยสําคัญที่มีอิทธิพล
ตอการเกิดปญหาภัยแลง เนื่องจากบริเวณ 
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ตารางที่ 1 แสดงขอมูลปจจัยส่ิงแวดลอมที่มีอิทธิพลตอการเกิดปญหาภัยแลง จังหวัดลพบุรี (ตอ) 
คาน้ําหนักคะแนน ปจจัยหลัก 

ท่ีใชในการศึกษา 
ความสําคัญของปจจัยหลัก 

ท่ีใชในการศึกษา 1 2 3 4 5 

 ใดมีปริมาณน้ําฝนรายปมาก โอกาสที่จะ
เกิดภัยแลงจะมีนอย ในทางตรงกันขาม
บริเวณใfมีปริมาณน้ําฝนรายปนอย ก็มี
โอกาสเกิดความแหงแลงหรือภัยแลงได
มาก 

     

2. จํานวนวันฝนตกรายปเฉลี่ย จํานวนวันฝนตกรายปเฉลี่ยเปนอีกปจจัย
หนึ่งที่มีอิทธิพลตอการเกิดปญหาภัยแลง
และมีทิศทางเชนเดียวกับปริมาณน้ําฝน
รายป กลาวคือ บริเวณใดมีจํานวนวันฝน
ตกรายปมากก็จะมีโอกาสเกิดภัยแลงนอย 
และบริเวณใดมีจํานวนฝนรายปนอยจะมี
โอกาสเกิดภัยแลงมาก 

     

3. ความลาดชันของพื้นที่ ความลาดชันเปนลักษณะทางกายภาพที่
สําคัญของพื้นที่ ซี่งมีความสัมพันธกับ
ระบบการระบายน้ําในพื้นที่ ทั้งที่ผิวดิน
และในสวนลึกของดิน โดยน้ําที่ไหลตาม
ผิวดิน (surface runoff) จะมีอัตรา
ความเร็วสูงในสภาพพื้นที่ที่มีความลาด
ชันสูง ฉะนั้นโอกาสของการซึมลงสูสวน
ลึกของดินจึงมีนอย สงผลใหพ้ืนที่ที่มีลาด
ชันมากจะมีความชื้นคอนขางต่ํา 

     

4. ความสูงของพื้นที่ ความสู ง ของพื้ นที่ เ ป นลั กษณะทาง
กายภาพของพื้นที่เชนเดียวกับความลาด
ชัน  โดยพื้นที่สูงจะมีความชุมช้ืนนอยกวา
พ้ืนที่ตํ่า เนื่องจากบรรยากาศในระดับตํ่า
ของโลกคือ ในชั้น troposphere จะมี
อุณหภูมิลดลงตามความสูง  ในสภาพ
อากาศที่แห งอุณหภูมิจะลดลงประมาณ  
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ตารางที่ 1 แสดงขอมูลปจจัยส่ิงแวดลอมทีม่ีอิทธิพลตอการเกิดปญหาภยัแลงจังหวัดลพบุรี (ตอ) 

คาน้ําหนักคะแนน ปจจัยหลัก 

ท่ีใชในการศึกษา 

ความสําคัญของปจจัยหลัก 

ท่ีใชในการศึกษา 1 2 3 4 5 

 1°C ต อความสูง 100 เมตร สงผลใหพ้ืนที่
สู งมีโอกาสเสี่ ยงตอการเกิดภัยแลงได
มากกวาพื้นที่ดอนและพื้นที่ตํ่า 

     

5. ระยะหางจากพื้นที่
ชลประทาน 

ปจจัยน้ีพิจารณาโดยใชหลักการที่วา ใน
บริเวณพื้นที่เขตชลประทานจะมีปริมาณน้ํา
จากชลประทานสงมาชวยเสริมปริมาณ
น้ํ าฝนหรือปริมาณน้ํ าจากแหลงน้ํ าตาม
ธรรมชาติ ดังนั้นบริเวณที่อยูภายในเขต
ชลประทานยอมมีโอกาสเกิดภัยแลงนอย
กวาบริเวณนอกเขตพื้นที่ชลประทาน 

     

6. ปริมาณน้ําใตดิน ปริมาณของน้ํ าใตดินจะมากหรือนอยก็
ขึ้นอยูกับสภาพทางอุทกธรณีวิทยา  ในกรณี
ที่ฝนทิ้งชวง หรือฝนไมตกตองตามฤดูกาล 
ทําใหเกิดสภาวะแหงแลง และขาดแคลนน้ํา  
น้ําใตดินเปนแหลงน้ําตามธรรมชาติที่สําคัญ
ที่นํามาใชทดแทนได   หากบริ เวณใดมี
ปริมาณน้ําใตดินมากพอที่จะสามารถสูบ
ขึ้นมาใช โดยเฉพาะอยางยิ่งเพื่อการอุปโภค
บริโภค ก็จะทําใหมีโอกาสเกิดภัยแลงได
นอยลง   

     

7. การระบายน้ําของดิน การระบายน้ําของดิน หรือความสามารถใน
การอุมน้ําของดิน เปนคุณสมบัติของดิน
อยางหนึ่งที่จะบงบอกถึงความสามารถใน
การกักเก็บน้ําในดิน  ถาบริเวณใดมีลักษณะ
ดินที่มีการะบายน้ําดีหรืออุมน้ํานอย จะมี
โอกาสที่ จะ เสี่ ยงตอการ เกิดภัยแลงได
มากกวาบริเวณที่ดินมีลักษณะระบายน้ําดี
ปานกลาง ระบายน้ําคอนขางมาก ระบายน้ํา
เลว และระบายน้ําเลวมาก 
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ตารางที่ 1 แสดงขอมูลปจจัยส่ิงแวดลอมทีม่ีอิทธิพลตอการเกิดปญหาภยัแลงจังหวัดลพบุรี (ตอ) 

คาน้ําหนักคะแนน ปจจัยหลัก 

ท่ีใชในการศึกษา 

ความสําคัญของปจจัยหลัก 

ท่ีใชในการศึกษา 1 2 3 4 5 

8. การใชประโยชนที่ดิน การใชประโยชนที่ดินในแตละประเภทนั้น
จะมีอิทธิพลตอความชุมช้ืนหรือความแหง
แลงของดินแตกตางกัน เชน บริเวณปาไม
ผลัดใบจะมีความชื้นของดินมากกวาปาผลัด
ใบ เปนตน ดังนั้นในการศึกษาครั้งนี้ควร
พิจารณาถึงสภาพการใชประโยชนที่ดินใน
ปจจุบันวามีความสอดคลองกับสภาพพื้นที่
และเอื้ออํานวยตอการเกิดสภาวะแหงแลง
ของพื้นที่หรือไม 

     

 

สวนที่ 2  แบบสอบถามเกี่ยวกับคาคะแนนความเหมาะสมของปจจัยยอยท่ีนํามาใชในการศึกษา  

 ผูวิจัยไดทําการจําแนกชวงชั้นของแตละปจจัยหลักออกเปนปจจัยยอยแตละระดับ (ตาราง
ที่ 2)   ซ่ึงทานสามารถใหคาน้ําหนักคะแนนในชองขวามือ ซ่ึงจะมีชวงคะแนนตั้งแต 1 ถึง 5 (กรุณา
ทําเครื่องหมาย √ เพื่อใหคาคะแนนของปจจัยยอย) โดยกําหนดให 

 คะแนน  5  หมายถึง ปจจัยยอยดังกลาวมีอิทธิพลตอการเกิดภัยแลงมากที่สุด 

 คะแนน  4  หมายถึง ปจจัยยอยดังกลาวมีอิทธิพลตอการเกิดภัยแลงมาก 

 คะแนน  3  หมายถึง ปจจัยยอยดังกลาวมีอิทธิพลตอการเกิดภัยแลงปานกลาง 

 คะแนน  2  หมายถึง ปจจัยยอยดังกลาวมีอิทธิพลตอการเกิดภัยแลงนอย 

 คะแนน  1  หมายถึง ปจจัยยอยดังกลาวมีอิทธิพลตอการเกิดภัยแลงนอยท่ีสุด 
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ตารางที่ 2  แสดงขอมูลระดับปจจัยยอยที่มีอิทธิพลตอการเกิดปญหาภัยแลงของจังหวัดลพบุรี 
คาคะแนนความเหมาะสม 

ปจจัยหลักท่ีใชในการศึกษา ระดับของปจจัยยอย 

1 2 3 4 5 

 นอยกวา  1,000  มิลลิเมตร      

 มากกวา   1,000 - 1,200   มิลลิเมตร      

 มากกวา   1,200 - 1,300   มิลลิเมตร      

 มากกวา   1,300 - 1,400   มิลลิเมตร      

1. ปริมาณน้ําฝนรายปเฉลี่ย 

   

 มากกวา   1,400  มิลลิเมตร      

 นอยกวา  60 วันตอป      

 มากกวา   60 – 70   วันตอป      

 มากกวา   70 – 80    วันตอป      

 มากกวา   80 – 100  วันตอป      

2. จํานวนวันฝนตกรายปเฉลี่ย  

 มากกวา  100  วัน      

3. ความลาดชันของพื้นที่ 

     

 ระดบัความลาดชัน  0 – 3 %                          
(พื้นที่ราบหรอืคอนขางราบ)                           

     

  ระดบัความลาดชัน  3 – 8 % 

 (พื้นที่ลูกคลืน่ลอนลาด) 

     

  ระดบัความลาดชัน  8 – 16 %                

      (พื้นทีลู่กคลืน่ลอนชัน) 

     

  ระดบัความลาดชัน  16 - 30%                       
(พื้นที่ที่เปนเนินเขา) 

     

  ระดบัความลาดชันมากกวา  30%                   
(พื้นที่สูงชัน) 
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ตารางที่ 2  แสดงขอมูลระดับปจจัยยอยที่มีอิทธิพลตอการเกิดปญหาภัยแลงของจังหวัดลพบุรี (ตอ) 

 

คาคะแนนของปจจัยยอย 
ปจจัยหลักท่ีใชในการศึกษา ระดับของปจจัยยอย 

1 2 3 4 5 

 ระดับความสูงของพื้นที่     0 – 200  เมตร      

 ระดับความสูงของพื้นที่  200 – 400  เมตร      

 ระดับความสูงของพื้นที่  400 – 600  เมตร      

4. ความสูงของพื้นที่ 

 

 ระดับความสูงของพื้นที่  600 – 800  เมตร      

 อยูในเขตชลประทาน      

 อยูหางจากพื้นที่ชลประทานมากกวา  0 - 2   กม.      

 อยูหางจากพื้นที่ชลประทานมากกวา  2 - 4   กม.      

 อยูหางจากพืน้ที่ชลประทานมากกวา  4 – 6 กม.      

5. ระยะหางจากพืน้ที่
ชลประทาน 

 

 อยูหางจากพื้นที่ชลประทานมากกวา 6 กม.      

 นอยกวา  2  ลูกบาศกเมตรตอชั่วโมง      

  มากกวา  2 – 10    ลูกบาศกเมตรตอชั่วโมง      

  มากกวา  10 – 20   ลูกบาศกเมตรตอชั่วโมง      

6. ปริมาณน้ําใตดิน 

    

  มากกวา   20    ลูกบาศกเมตรตอชั่วโมง      

 ระบายน้าํด ี      

 ระบายน้าํคอนขางดีมาก      

 ระบายน้าํดีคอนขางด ี      

 ระบายน้าํคอนขางเลว      

 ระบายน้ําเลว      

7. การระบายน้ําของดิน 

 ระบายน้าํเลวมาก      
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ตารางที่ 2  แสดงขอมูลระดับปจจัยยอยที่มีอิทธิพลตอการเกิดปญหาภัยแลงของจังหวัดลพบุรี (ตอ) 

14.  ทานคิดวาควรจะมีปจจัยที่มีอิทธิพลตอการเกิดปญหาภัยแลง นอกจากปจจัยที่ไดกลาวไปแลว
หรือไม  ถามี ไดแก 
..............................................................................................................................................................
..............................................................................................................................................................
..............................................................................................................................................................
..............................................................................................................................................................
.............................................................................................. 
15. ทานคิดวาควรมีมาตรการปองกันและแนวทางในการจัดการพื้นทีท่ี่ประสบปญหาภยัแลงอยางไร 
..............................................................................................................................................................
..............................................................................................................................................................
..............................................................................................................................................................
..............................................................................................................................................................
..............................................................................................................................................................
............................................................................................. 

คาคะแนนของปจจัยยอย 
ปจจัยหลักท่ีใชในการศึกษา ระดับของปจจัยยอย 

1 2 3 4 5 

 นาขาว      

 พืชไร   
     (หมายถึง มันสําปะหลัง ขาวโพด ขาวฟาง  ออย  
     ถั่วเหลือง รวมทั้งพืชไรชนิดอื่นๆ) 

     

 ไมผลและไมยืนตน  
      (หมายถึง มะพราว ยูคาลปิตัส ตนสัก) 

     

 ปาไม  
     (หมายถึง ปาผลัดใบ ปาไมผลดัใบ สวนปา) 

     

8. การใชประโยชนที่ดิน 

 ทีด่ินประเภทอื่นๆ                                         
(หมายถึง พื้นที่ทุงหญา ไมพุม พื้นที่ลุม               
บอลูกรัง  เหมืองแร) 
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16. ขอเสนอแนะอื่นๆ  
..............................................................................................................................................................
..............................................................................................................................................................
..............................................................................................................................................................
..............................................................................................................................................................
..............................................................................................................................................................
..............................................................................................................................................................
........................................................................................ 
 
 
 
 
 
 
 
 
 

______________ ขอบพระคุณอยางสูง _____________ 
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(APPENDIX B) 
 

รายชื่อผูเชี่ยวชาญและตัวแทนบุคลากรจากหนวยงานภาครัฐที่เกี่ยวของทั้งหมด 22 แหง รวมทั้งสิ้น 46 คน 
มีดังนี ้

 
กระทรวงกระเกษตรและสหกรณ 
1. กรมสงเสริมการเกษตร   
สํานักงานเกษตรจังหวัดลพบุรี 1. นายธันวิทย เทวอักษร (เกษตรจังหวัดลพบุรี) 
 2. นายณัฐวุฒิ ตรงดี (หัวหนาฝายยุทธศาสตรและสารสนเทศ  

 ระดับ 7) 
 3. นายสวัสดิ์ สงวนรบ (นักวิชาการสงเสริมการเกษตร ระดับ 7) 
สํานักงานเกษตรอําเภอเมืองลพบุรี 4. นายสุรเชษฐ สุรวาท (นักวิชาการสงเสริมการเกษตร ระดับ 5) 
 5. นายประจบ รุงชวง (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
สํานักงานเกษตรอําเภอโคกสําโรง 6. นายพรพรหม พรหมรส (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
 7. นายสุมิตร มูลคําภา (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
สํานักงานเกษตรอําเภอชัยบาดาล 8. นายโกมุท ใจเย็น (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
 9. นายถวิลยุทธ รากทอง (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
 10. นายนิกร หวงงาม (นักวิชาการสงเสริมการเกษตร ระดับ 7) 
 11. นายสุทิน จิรกุลชัยนเรศ (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
 12. นายประสาทชัย ภูนอย (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
สํานักงานเกษตรอําเภอทาวุง 13. นางปนิตตา แกวมณี (เกษตรอําเภอทาวุง ระดับ 7) 
สํานักงานเกษตรอําเภอทาหลวง 14. นายสุพจน พรวสันตยิ่ง (นักวิชาการสงเสริมการเกษตร ระดับ 7) 
 15. นายชาญชัย เช่ือมประไพ (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
 16. นายสมศักดิ์ เกิดขันหมาก (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
สํานักงานเกษตรอําเภอบานหมี่ 17. นายประทีป อยูสุข (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
สํานักงานเกษตรอําเภอลําสนธิ 18. นายอํานาจ (เจาพนักงานการเกษตร ระดับ 5) 
สํานักงานเกษตรอําเภอสระโบสถ 19. นายทวีป วัชรเสนีย (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
 20. นายประพันธ คลังทรัพย (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
สํานักงานเกษตรอําเภอหนองมวง  21. นายชาญยุทธ โพธิ์เงิน (นักวิชาการสงเสริมการเกษตร ระดับ 6) 
2. กรมชลประทาน 
โครงการชลประทานลพบุรี 22. นายคณิต ชินวงศ (นายชางชลประทาน ระดับ 7  

ฝายจัดสรรน้ํา) 
สํานักงานชลประทานที่ 10 23. นายอรรถพร ปญญาโฉม (วิศวกรชลประทาน ระดับ 7 

ฝายบริหารและจัดการน้ํา 
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สํานักงานชลประทานที่ 10  
(ตอ) 

24. นายประสิทธิ์ สิทธิยศ (นักธรณีวิทยา ระดับ 7) 

 25. นายธีระศักดิ์ ประหยัด (นายชางชลประทาน ระดับ 6) 
 26. นายกมล ผาภูมิ (นายชางชลประทาน ระดับ 6  

ฝายวางแผนและแกไขปญหาเรื่องน้ํา) 
 27. นายอนันต ไทยเขียว (นายชางสํารวจ ระดับ 6) 
3. กรมพัฒนาที่ดิน   
สถานีพัฒนาที่ดินจังหวัดลพบุรี 28 นายปรีชา โพธิ์ปาน (หัวหนาสถานีพัฒนาที่ดินลพบุรี ระดับ 8) 
สํานักสํารวจและวางแผนการใช
ที่ดิน  

29. นายวุฒิชาติ สิริชวยชู (หัวหนาสวนมาตรฐานการสํารวจจําแนก
ดินและที่ดิน ระดับ 8) 

 30. นายอดุล พรอมจรรยากุล (หัวหนาสวนสํารวจจําแนกดินที่ 2 ระดับ 8) 
 31. นายสหัสชัย คงทน (หัวหนาสวนวิจัยและวินิจฉัยคุณภาพดิน 

ระดับ 8) 
 32. นายอิสรา อนุรักษพงศธร (หัวหนาสวนสํารวจจําแนกดินที่ 3 ระดับ 8) 
 33. นายบุญรักษ พัฒนกนก (หัวหนาสวนวิเคราะหสภาพการใชที่ดิน 

ที่ 2  ระดับ 8) 
 34. นายเจตน ลอใจ (หัวหนาสวนสํารวจจําแนกดินที่ 1 ระดับ 8) 
 35. นายนันทพล หนองหาร

พิทักษ 
(นักสํารวจดิน ระดับ 7) 

 36. นายธีระยุทธ จิตตจํานงค (เจาหนาที่วิเคราะหนโยบายและแผน  
ระดับ 8) 

   
กระทรวงเทคโนโลยี สารสนเทศและการสื่อสาร 
1. กรมอุตุนิยมวิทยา 
สถานีอุตุนิยมวิทยาลพบุรี 37. นายสมเกียรติ คลังทรัพย (หัวหนาอุตุนิยมวิทยาลพบุรี ระดับ 6) 
สถานีอุตุนิยมวิทยาอุทกบัวชุม 38. นายชุมพล เปยมฤกษ (หัวหนากลุมงานอุตุนิยมวิทยาอุทกบัวชุม) 
สํานักงานพัฒนาอุตุนิยมวิทยา 39. นายสมาน ปราการรัตน (นักอุตุนิยมวิทยา ระดับ 8) 
 40. นายนิพนธ สุคันธเมศวร (เจาหนาที่อุตุนิยมวิทยา ระดับ 6) 
 41. นายวิรัช วรานุจิตต (หัวหนากลุมอุตุนิยมวิทยาเกษตร ระดับ 8) 
   
กระทรวงทรัพยากรธรรมชาติและสิ่งแวดลอม 
1. สํานักงานปลัดกระทรวงทรัพยากรธรรมชาติและสิ่งแวดลอม 
สํานักงานทรัพยากรธรรมชาติและ
สิ่งแวดลอม 

42. นายธีระศักดิ์ บุญชูดวง (ทรัพยากรธรรมชาติและสิ่ งแวดลอม
จังหวัดลพบุรี ระดับ 8 ) 
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2. กรมปาไม   
สํานักงานปาไมจังหวัดลพบุรี 43. นายถนอมพงษ สังขธูป (เจาพนักงานปาไม ระดับ 5) 
3. กรมทรัพยากรธรณี 44. นายสุวิทย เจียระมั่นคง (นักธรณีวิทยา ระดับ 8) 

4. กรมทรัพยากรน้ําบาดาล 45. พิยดา ชุณหอโณทัย (นักวิชาการกรมทรัพยากรน้ําบาดาล) 

   

กระทรวงมหาดไทย 
กรมปองกันและบรรเทาสาธารณภัย 
1. สํานักงานปองกันและบรรเทา
สาธารณภัยจังหวัดลพบุรี 

46. นายมานิตย (หัวหนาฝายปองกันและปฏิบัติการ  
ระดับ 7) 
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(APPENDIX C) 
 

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

                  district 

พื้นท่ีเสี่ยงตอการเกดิภัยแลงจังหวัดลพบุรี  จําแนกเปนรายตําบล 
อําเภอ 

เสี่ยงต่ํา เสี่ยงปานกลาง เสี่ยงสูง 
1. เมืองลพบุรี โคกกระเทียม (บางสวน)  

ทาแค (บางสวน)  
บางขันหมาก (บางสวน)   
ถนนใหญ  พรหมมาสตร  
ทะเลชุบศร  ปาตาล  ดอนโพธิ์ 
โพธิ์เกาตน (บางสวน) โคกลําพาน 
  

โคกตูม  บานขอย  เขาพระงาม  
บางขันหมาก  เขาสามยอด  ทาศาลา  
ปาตาล โพธิ์เกาตน โพธิ์ตรุ  กกโก 
โคกลําพาน  ตะลุง  ทายตลาด   
งิ้วราย  สี่คลอง  บานขอย   
โกงธนู  โคกกระเทียม  ทาแค 
 ดอนโพธิ์ (บางสวน) 

เขาพระงาม  โคกตูม   
นิคมสรางตนเอง  

2. ลําสนธิ กุดตาเพชร (บางสวน) 
ลําสนธิ (บางสวน) 

กุดตาเพชร  หนองรี  เขารวก  
ซับสมบูรณ  เขานอย  ลําสนธิ 

เขานอย 

3. บานหมี่ ดงพลับ (บางสวน) 
บางกะพี้ (บางสวน)  

ชอนมวง  หนองกระเบียน   
หนองเมือง  ดอนดึง   
ดงพลับ (บางสวน) 
สายหวยแกว  ไผใหญ   
บางกะพี้ (บางสวน)   หินปก   
บานทราย   บานกลวย   มหาสอน   
โพนทอง   สนามแจง   บางพึ่ง   
หนองทรายขาว  บางขาม   
หนองเตา   บานชี   พุคา 

ชอนมวง (บางสวน) 
หนองเมือง (บางสวน) 

4. ทาวุง  บางลี่  เขาสมอคอน โคกสลุด  
มุจอินท  บางงา  ทาวุง  หัวสําโรง   
โพธิ์ตลาดแกว  บางคู   ลาดสาลี่ 

 

5. สระโบสถ นิยมชัย (บางสวน) มหาโพธิ์  นิยมชัย  สระโบสถ 
ทุงทาชาง  หวยใหญ 

สระโบสถ  

6. โคกเจริญ  ยางราก (บางสวน) 
โคกแสมสาร (บางสวน) 

หนองมะคา  วังทอง  โคกเจริญ   
ยางราก  โคกแสมสาร  

 

7. โคกสําโรง  เกาะแกว  หนองแขม  สะแกราบ 
ดงมะรุม  วังเพลิง  วังจั่น 
โคกสําโรง  เพนียด  ถลุงเหล็ก 
คลองเกตุ  วังขอนขวาง  หวยโปง  

คลองเกตุ (บางสวน)  
หวยโปง (บางสวน) 

8. ทาหลวง ทาหลวง (บางสวน) หนองผักแวน  ทาหลวง  หัวลํา  
แกงผักกูด  ซับจําปา  ทะเลวังวัด 

 หัวลํา (บางสวน) 
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Table C-1 The risk area of drought in Lop Buri province devided according to sub- 

                  district (Continue) 

พื้นท่ีเสี่ยงตอการเกดิภัยแลงจังหวัดลพบุรี  จําแนกเปนรายตําบล 
อําเภอ 

เสี่ยงต่ํา เสี่ยงปานกลาง เสี่ยงสูง 

9. พัฒนานิคม โคกสลุง  ดีลัง  
พัฒนานิคม (บางสวน) 

โคกสลุง  น้ําสุด หวยขุนราม  
มะนาวหวาน  พัฒนานิคม 
 หนองบัว  ชองสาลิกา  ดีลัง 

หวยขุนราม (บางสวน) 
หนองบัว (บางสวน)   

10. ชัยบาดาล เกาะรัง (บางสวน) 
ศิลาทิพย (บางสวน) 
นิคมลํานารายณ  
บานใหมสามัคคี (บางสวน) 
บัวชุม   ลํานารายณ (บางสวน) 
ทามะนาว   ชัยนารายณ  
หวยหิน (บางสวน) 
เขาแหลม (บางสวน) 
ทาดินดํา (บางสวน) 
ชัยบาดาล (บางสวน) 
มวงคอม (บางสวน) 
มะกอกหวาน (บางสวน) 

เกาะรัง (บางสวน)  ศิลาทิพย  
หนองยายโตะ  บัวชุม   
นิคมลํานารายณ (บางสวน)  
บานใหมสามัคคี (บางสวน) 
ลํานารายณ   ทามะนาว    
ชัยนารายณ  หวยหิน ซับตะเคียน  
เขาแหลม  ทาดินดํา ชัยบาดาล   
มวงคอม  มะกอกหวาน 
ทาหลวง  นาโสม 

หนองยายโตะ (บางสวน)  
นาโสม (บางสวน) 
บัวชุม (บางสวน) 
ซับตะเคียน (บางสวน) 

11. หนองมวง  ดงดินแดง  ชอนสมบูรณ  บอทอง  
หนองมวง  ยางโทน  ชอนสารเดช  

ดงดินแดง (บางสวน) 
บอทอง (บางสวน) 
หนองมวง (บางสวน)  

source: data analysis 
 
Table C-2 The risk area of drought in Lop Buri province devided according to sub- 

                  district 

พื้นท่ีเสี่ยงตอการเกดิภัยแลงจังหวัดลพบุรี  จําแนกเปนรายตําบล 
อําเภอ 

เสี่ยงต่ํา เสี่ยงปานกลาง เสี่ยงสูง 
1. เมืองลพบุรี นิคมสรางตนเอง ทะเลชุบศร  กกโก  โกงธนู 

เขาพระงาม  โคกกระเทียม   
โคกลําพาน  งิ้วราย  ดอนโพธิ์   
ตะลุง  ทาแคทาศาลา  ทายตลาด   
บางขันหมาก  บานขอย 
ปาตาล  พรหมมาสต ถนนใหญ 
สี่คลอง  โคกตูม  โพธิ์เกาตน โพธิ์ตรุ 

 

2. ลําสนธิ ลําสนธิ  ซับสมบูรณ กุดตาเพชร  หนองรี  เขารวก   
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Table C-2 The risk area of drought in Lop Buri province devided according to sub- 

                  District (Continue) 

พื้นท่ีเสี่ยงตอการเกดิภัยแลงจังหวัดลพบุรี  จําแนกเปนรายตําบล 
อําเภอ 

เสี่ยงต่ํา เสี่ยงปานกลาง เสี่ยงสูง 

3. บานหมี่  เชียงงา  ดงพลับ  ดอนดึง  บางกะพี ้ 
บางขาม  บางพึ่ง  บานกลวย   
บานชี  บานทราย  ไผใหญ  พุคา 
โพนทอง  มหาสอน  สนามแจง 
สายหวยแกว  หนองเตา  
หนองทรายขาว  หนองกระเบียน 
หนองเมือง  หินปก  ชอนมวง 

 

    
4. ทาวุง  ทาวุง  เขาสมอคอน  โคกสลุด   บางคู 

บางงา  บางลี่  บานเบิก  โพธิ์ตลาดแกว 
ลาดสาลี่   หัวสําโรง   มุจรินทร 

 

5. สระโบสถ  มหาโพธิ์  นิยมชัย   สระโบสถ 
ทุงทาชาง  หวยใหญ 

 

6. โคกเจริญ   หนองมะคา  วังทอง  โคกเจริญ   
ยางราก  

 

7. โคกสําโรง  โคกสําโรง  เกาะแกว  คลองเกตุ 
ถลุงเหล็ก  เพนียด  สะแกราบ   
หลุมขาว  หวยโปง  ดงมะรุม 
วังเพลิง  วังขอนขวาง  วังจั่น 
หนองแขม  

 

8. ทาหลวง  แกงผักกูด  ทะเลวังวัด  
9. ชัยบาดาล ชัยบาดาล  บัวชุม  หนองยายโตะ 

ชัยนารายณ  ทามะนาว 
ซับตะเคียน  นาโสม 
หวยหิน  มะกอกหวาน 
นิคมลํานารายณ   
บานใหมสามัคคี  ทาดินดํา 

มวงคอม  ศิลาทิพย  เกาะรัง  

10. หนองมวง ลําสนธิ  ซับสมบูรณ ดงดินแดง  ชอนสมบูรณ   บอทอง  
หนองมวง   ยางโทน  ชอนสารเดช  

ดงดินแดง (บางสวน) 
 

Source: Thailand Scientific and Technology Research Institute 
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(APPENDIX D) 
 

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

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

อําเภอชัยบาดาล 1. เกาะรัง 5 บานซับน้ําหวาน 

อําเภอพัฒนานิคม 1 บานหนองนาใต 
 

1. พัฒนานิคม 
2 บานหนองนาเหนือ 

 1 บานสาริกาพัฒนา 
 3 บานน้ําซับ 

 4 บานโคกสะอาด 

 5 บานหลุบเรา 
 9 บานปากชองสาริกา 
 10 บานคลองตะเคียน 

 11 บานหวยสงบ 

 

2. ชองสาริกา 

12 บานชองสาริกา 
 1 บานหวยสําราญพัฒนา 
 2 บานหวยแกวสามัคคี 
 3 บานใหมโพธิ์ทอง 
 4 บานชอนนอย 

 

3. ชอนนอย 

5 บานศรีประชา 
 1 บานแกงเสือเตน 

 3 บานเขาสูงหนองกรด 

 4 บานซอย 26 สาย 1 
 5 บานซอย 27 สาย 2 ซาย 
 

4. หนองบัว 

9 บานเขาพระ 

 5. โคกสลุง 1 บานโคกสลุง 
  2 บานโคกสลุง 
  3 บานโคกสลุง 
  4 บานโคกสลุง 
  6 บานโคกสลุง 
  7 บานโคกสลุง 
  8 บานเขาขวาง 
  9 บานคันนาหิน 

  10 บานหวยยาง 
  11 บานกุดตาฉิม 

 6. ดีลัง 1 บานซอย 12 
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue) 

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

  2 บานหวยทราย 

  2 บานหวยทราย 

  4 บานสายจัตวา 
  5 บานหวยทราย 
  7 บานซอย 11 

 4 บานแสนสุข 

 

7. มะนาวหวาน 

7 บานน้ําซับเหนือ 

 1 บานน้ําสุด 
 2 บานหนองอีอุน 

 3 บานบอน้ําเดือด 

 4 บานคลองสาริกา 
 

8. น้ําสุด 

6 บานฟาวงาม 

 1 บานโปรงสวอง 
 2 บานมะขามคู 
 3 บานซับโศก 

 

7. หวยขุนราม 

4 บานสวนมะเดื่อ 

1 บานหนองมวง 
2 บานสาริการ 

3 บานหนองมวง  
4 บานสระกระเหรี่ยง 
5 บานหนองไทร 

6 บานหนองแดง 
7 บานสระกระเหรี่ยง 
8 บานหนองขุย 

9 บานบอยาง 

1. หนองมวง 

10 บานสวนสวรรค 
2. ยางโทน 1 บานยางโทน 
 2 บานเตาถาน 

 3 บานหนองตะแบก 

 4 บานหนองตาแดง 

 5 บานทรัพยดีปรี 

 6 บานหนองไกหาว 

 7 บานบอตาปง 

3. หนองมวง 

 8 บานอุตสาหกรรม 

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

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

 3.ชอนสารเดช 1 บานสระพมา 
  2 บานชอนเหล็กไฟ 

  3 บานชอนใหญ 
  4 บานชอนนอก 

  5 บานหนองปลอง 
  6 บานพรสวรรค 
  7 บานหนองกรําพรา 
  8 บานชอนขุด 
  9 บานหนองแดง 
  10 บานชอนใตน้ําทรัพย 
  11 บานหนองทอง 
 1 บานหนองไทร 
 2 บานหนองตาอน 

 3 บานชอนตะเคยีน 

 4 บานชอนสมบูรณ 
 5 บานคุงลาน 

 6 บานหนองคู 
 7 บานหนองขาม 

 8 บานหนองกลาง 

 9 บานใหมศรีอุดม 

 10 บานหนองพิกุลทอง 
 11 บานหนองกรวด 

 

4. ชอนสมบูรณ 

12 บานหนองบุ 
 1 บานโพธิ์ทอง 
 2 บานใหมโสพิมพ 
 3 บานโคกขาม 
 4 บานหนองปลวก 

 6 บานหนองเสมา 
 8 บานเขาลําแพน 

 9 บานวงษสวาง 
 10 บานโพธิ์ทอง 
 

5. บอทอง 

11 บานธารทรัพย 
 1 บานดงดินแดง 
 2 บานปาเขวา 
 

6. ดงดินแดง 

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

หมูบาน 
อําเภอ ตําบล 

หมูท่ี       ชื่อ 

  4 บานโคกกลาง 

  5 บานหนองขุด 

  6 บานบอดินสอพอง 
  7 บานหนองคันโซ 
  8 บานหนองใหญ 
  9 บานหนองระเริง 
  10 บานหนวยประคอง 

1 บานลําสนธิ 
3 บานโพธิ์งาม 

4 บานโคงกุญชร 

5 บานหนองนา 

1. ลําสนธิ 

6 บานโคงลําสนธิ 
1 บานหนองรี 
2 บานหนองผักบุง 
3 บานจงโก 

4 บานหนองเกตุ 
5 บานนอยพัฒนา 
6 บานโคกสามัคค ี

7 บานวังแสนดี 
8 บานโชคชัย 

9 บานหนองสองหอง 
10 บานโคกคลี 
11 บานทรายทอง 
12 บานสินเจริญ 

2. หนองรี 

13 บานโนนทอง 
3.  บานเขารวก 1 บานวังทอง 
 2 บานเขารวก 

 3 บานเขารวกนอย 

 4 บานคลองมะนาว 

4. ลําสนธิ 

 5 บานวังเงิน 

  6 บานเขารวกสามัคค ี

 4. กุดตาเพชร 1 บานหนองปลอง 
  2 บานยุบเสลี่ยง 
  3 บานกุดตาเพชร 

  4 บานชองสําราญ 
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue) 

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

  5 บานทุงสักแปะ 

  6 บานหนองโก 

  7 บานวังเชื่อม 

  8 บานหินลาว 

  9 บานหนองประดูตอ 

5. บานหมี่ 1. หินปก 1 บานหินปกเหนือ 
  2 บานหินปกเหนือ 

  3 บานหินปกทุง 
  4 บานหินปกทุง 
  5 บานหินปกทุง 
  6 บานหินปกใหญ 
  7 บานหินปกใหญ 
  8 บานหินปกใหญ 
  9 บานสําโรงนอย 

  10 บานสําโรงใหญ 
 1 บานเหนือเขต 

 2 บานกลวยนอย 

 3 บานโนนตาล 

 4 บานโนนราน 

 5 บานวังวัดใต 
 6 บานวังวัดเหนือ 

 

2. บางกะพี้ 

7 บานวังวัดตะวันตก 

 1 บานดงพลับ 

 2 บานดงพลับ 

 3 บานแคสูง 
 4 บานแดงนอย 

 

3. ดงพลับ 

5 บานดงพลับ 

 1 บานหนองคูใหญ 
 2 บานหนองโพธิ์ 
 3 บานหนองกระโฉม 

 4 บานหนองกระเบียน 

 5 บานทายลาด 

 6 บานสระใหญ 
 7 บานหนองแฟบ 

 

4. หนองกระเบียน 

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

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

  9 บานหนองกระเบียน 

 5. หนองเมือง 1 บานหวยกรวด 
  2 บานหนองเมือง 
  3 บานหนองเมือง 
  4 บานหนองแก 

  5 บานน้ําบา 
  6 บานหนองเมือง 
  7 บานหนองแก 

 6. ชอนมวง 1 บานพุปลากั้ง 
  2 บานดงกลาง 

  3 บานชอนมวง 
  5 บานพุลําไย (ชอนผึง้) 
  6 บานดอนเจริญ 

 1 บานกระเบากลัก 

 2 บานกุดขาม 

 3 บานแหลมเพิ่ม 

 4 บานโปงแค 

 5 บานน้ําบอ 

 

7. ดอนดึง 

6 บานน้ําสราง 
 1 บานมะขามเฒา 
 2 บานมะขามเฒา 
 3 บานสระเตยนอย 

 4 บานสระเตยใหญ 
 5 บานหนองทรายขาว 

6 บานเนินยาว  

8. หนองทรายขาว 

7 บานคลอง 
6. โคกเจริญ 1 บานหนองถ้ํา 
 2 บานเกาะเกต ุ

 3 บานทะเลทอง 
 4 บานโคกเจริญ 

 5 บานโคกเจริญ 

 6 บานโคกเจริญ 

 7 บานหนองกระชาย 

 8 บานดินแดง 
 

1. โคกเจริญ 

9 บานภูเขาทอง 



Fac. of Grad. Studies, Mahidol Univ.                                         M.Sc. (Inf. Man. On Env. and Res.) / 135 

 

 

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

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

 2. บานโคกแสมสาร 1 บานหนองอีเกง 
  2 บานใหมไพศาลี 
  3 บานมวงแกว 

  4 บานโคกแสมสาร 

  5 บานโคกแสมสาร 

  6 บานใหมศรีอุบล 

  7 บานเขาสามยอด 

  8 บานจอมแกว 

 3. ยางราก 1 บานวังตาอินทร 
  2 บานยางราก 

  3 บานยางรากนอย 

  4 บานสระเพลง 
  6 บานหัวเขา 
  7 บานเขาราบ 

  8 บานวังวัด 

  9 บานนอย 

  10 บานวังตาอินทร 
  11 บานทรัพยเจริญ 

 4. วังทอง 7 บานหนองเปด 
 5. หนองมะคา 6  บานหนองอายเสา 

7. เมืองลพบุรี 1 บานดงจําปา 
 

1. นิคมสรางตนเอง 
2 บานดงจําปา 

 3 บานนิคม 1 

 4 บานทาเดื่อใหญ 
 5 บานทาเดื่อนอย 

 6 บานนิคม 2 

 7 บานหนองถ้ํา 
 8 บานหวยขมิ้น 

 9 บานนิคม 3 

 10 บานซับเสือแมบ 

 

 

11 บานดงจําปา 
 2. โคกตูม 1 บานหวยขมิ้น 

  2 บานโคกตูม 

  3 บานหวยสามพันตา 
  4 บานหนองแกเตย 
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue) 

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

  5 บานน้ําซับ 

  6 บานหวยสม 

  7 บานหวยจันทร 
  8 บานหวยบง 
  9 บานหนองหอย 

  10 บานคีรีวงศ 
  11 บานหนองแฝกเหลี่ยม 

  12 บานสายจัตวา 
  13 บานซอย 5 

  15 บานสระวัง 
  16 บานหนองแกเตี้ยมเหนือ 

 3. กกโก 1 บานขุนนวน 

  2 บานดงนอย 

  3 บานดงนอย 

  4 บานดงนอย 

  5 บานไร 
  6 บานปาสัก-โคกมวง 
  7 บานใหม 
  8 บานกกโก 

 5 บานทาศาลา 
 6 บานเขาหนีบ 

 7 บานเขาหนีบ 

 

4. ทาศาลา 

8 บานพระนารายณ 
 1 บานสระมะเกลือ 
 2 บานน้ําจั้น 

 3 บานน้ําจั้น 

 4 บานหนองบัวขาว 

 5 บานหนองบัวขาว 

 6 บานดงสวอง 
 

5. เขาสามยอด 

7 บานโนนหัวชาง 

8. โคกสําโรง 1. โคกสําโรง 1 บานวังกระทุม 
  2 บานสระยายช ี

  3 บานตะโกพรม 

  4 บานโคกสําโรง 

  5 บานแนวถนน 



Fac. of Grad. Studies, Mahidol Univ.                                         M.Sc. (Inf. Man. On Env. and Res.) / 137 

 

 

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

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

  6 บานหนองพิมาน 

  7 บานหนองพิมาน 

  8 บานหนองแรง 
  9 บานสายสัมพันธ 
 2. หลุมขาว 1 บานเนินสมกบ 

  2 บานเนินสมกบ 

  3 บานโคกพรม 

  4 บานหลุมขาว 

  5 บานหลุมขาว 

  6 บานหลุมขาว 

  7 บานหลุมขาว 

  8 บานหลุมขาว 

  9 บานวังเวิน 

  10 บานพรหมทินเหนือ 

  11 บานพรหมทินใต 
 3. วังจั่น 1 บานวังกระเบียน 

  2 บานทาฉนวน 

  3 บานวั่งจั่น 

  4 บานวังจั่น 

  5 บานวังจั่น 

  6 บานวังจั่นนอย 

  7 บานคลองชมภู (นาโคก) 
 1 บานหวยโปง 
 2 บานหวยโปง 
 3 บานสะพานขาว 
 4 บานหนองหอย 
 5 บานสามแยกหลุมขาว 
 6 บานสระพรานจันทร 
 7 บานสระพรานนาค 
 8 บานสระพรานนาค 
 9 บานหนองคู 
 10 บานโพธิ์งาม 
 11 บานสะพรานพุฒ 
 

4. หวยโปง 

12 บานนอย 
 5. สะแกราบ 1 บานสะแกราบ 
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue) 

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

  2 บานสะแกราบเหนือ 
  3 บานหนองสําโรง 
  4 บานสะพานคง 
  5 บานกุดตะเขใหญ 
  6 บานทุงทอง 
  7 บานหนองขุย 
  8 บานสะแกราบใต 
  9 บานสะแกราบนอย 
  10 บานรักไทย 
  11 บานหนองเตาปูน 
  12 บานหนองโพธิ์ทอง 
  13 บานโคกแจงใหญ 
  14 บานเกาสําโรงนอย 
  15 บานใหมโคกพรม 
 6. คลองเกต ุ 1 บานมะขามเฒา 
  2 บานคลองเกต ุ
  3 บานคลองมะนาว 
  4 บานหนองบัว 
  5 บานหัวดง 
  8 บานเขาดิน 
  9 บานหนองวันเปรียง 
  10 บานเขานมนาง 
 1 บานเพนียด 
 2 บานเพนียด 
 3 บานเพนียด 
 4 บานนกเขาเปลา 
 5 บานนกเขาเปลา 
 6 บานหนองปลอง 
 7 บานเพนียด 
 8 บานเพนียดพัฒนา 
 9 บานนกเขาเปลานอย 
 

7. เพนียด 

10 บานหนองสะแก 
 1 บานทามวง 
 2 บานใหมพัฒนา 
 

8. หนองแขม 

13 บานไรเจริญ 
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue) 

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

 9. ดงมะรุม 1 บานเกาะรี 

  2 บานดงมะรุม 

  3 บานเนินจันทร 

  4 บานยานตาขาว 

  5 บานตะกรุดหวา 

  6 บานตะกรุดหวา 

  7 บานวังไผ 

  8 บานไผเจริญ 

  9 บานดงหนาม 

  10 บานดงตาดํา 

  11 บานนอยนาโสม 

  12 บานเนินมะกอก 

 10. วังขอนขวาง 1 บานดงแกว 

  2 บานวังขอนขวาง 

  3 บานวังขอนขวาง 

  4 บานหวยวัวตาย 

  5 บานวังขอนขวาง 

  6 บานวังทอง 
 1 บานหนองบัวห่ิง 
 2 บานหัวสระ 
 3 บานใตวัดถลุงเหล็ก 
 4 บานใตวัดถลุงเหล็ก 
 5 บานหนองผักแวน 
 6 บานเกา 
 7 บานเกา 
 

11. ถลุงเหล็ก 

8 บานใหมเกษตร 
 13. บานเกาะแกว 1 บานเกาะแกว 
  2 บานวังหัวแหวน 
  3 บานหนองชนะชัย 
  4 บานบุงเข 
  5 บานหนองตานน 
  6 บานหนาพระ 
  7 บานเนินแกว 
  8 บานชอนบอน 
  9 บานใหมพัฒนา 
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Table D-1 Drought area report of Lop Buri province in 2004 (Continue) 

หมูบาน 
อําเภอ ตําบล 

หมูท่ี        ชื่อ 

  10 บานชอนอุดม 
  11 บานเกาะสัมพันธตา 
 14. วังเพลิง 1 บานวังเพลิง 
  2 บานมะมวงเจ็ดตน 
  3 บานชอนมวง 
  4 บานเขาเตยีน 
  5 บานพุมวง 
  6 บานดอนไชโย 
  7 บานโปงยอ 
  8 บานโคกกรวด 
  9 บานวัดเจ็ดตน 
  10 บานเขาปาหญา 
  11 บานหนองใหญ 
  12 บานอํานวยสุข 
  13 บานคลังเงิน 

  2 บานดงมะรุม 

  3 บานเนินจันทร 

  4 บานยานตาขาว 

  5 บานตะกรุดหวา 

  6 บานตะกรุดหวา 

  7 บานวังไผ 

  8 บานไผเจริญ 

  9 บานดงหนาม 

  10 บานดงตาดํา 

  11 บานนอยนาโสม 

  12 บานเนินมะกอก 

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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