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A B S T R A C T 

Drought is a meteorological disaster, which frequently affects many regions around the 

world including Cambodia. The purpose of this research is to identify the spatial 

distribution of drought hazards by joining criteria that influence drought hazard with the 

support of the Analytical Hierarchy Process (AHP) and Geographic Information System 

(GIS) in Kampong Speu Province. Multi-criteria investigation is considered for 

integrating drought hazard mapping that combines all influence parameters to develop 

detailed information to support drought mitigation plans and strategies. AHP method is 

applied to calculate eight influence parameters’ weight including rainfall, relative 

humidity, average temperature, maximum temperature, soil types, slope, drainage 

density, and landuse by using a pairwise comparison matrix. The result shows that 

Basedth, Samraong Tong, Odongk, and Kong Pisei districts are more prone to drought 

hazards, which are located in very high hazard zones with 6.87%, 5.47%, 5.34%, and 

5.32% of the total area, individually. The results are significant information for decision-

makers to plan for further drought mitigation and sustainable development. 

 

1. INTRODUCTION 

Drought is one of the greatest critical meteorological 

disasters that cause enormous influences on the economy, 

agriculture, natural and water resources, society, and 

environment [1]-[2]. The incidence and severity of drought 

have been amplified as a result of climate change 

combined with human activities around the world [3]-[4]-

[5]-[6]-[7]. The drought-related disaster causes a global 

economic loss of approximately US 6 to 8 billion dollars 

per year [2]-[8]. The Cambodia National Committee for 

Disaster Management (NCDM) stated that Cambodia was 

affected by droughts 1,343 times starting from 1993 to 

2013 and affected 2,766,217 victims during the incidences 

[9]. Moreover, the droughts caused 9% of economic losses 

in Cambodia [10]. Kampong Speu Province is one of the 

most drought-affected provinces. In 2002, 2004, 2005, 

2006, and 2012, droughts affected 149,175 people, 308,225 

people, 681,039 people, 100,592 people, and 1,925 people, 

respectively [11]. Many hectares of agricultural crop were 

damaged by droughts [12]. The drought mitigation and 

preparedness measures are therefore significantly required 

for minimizing the drought impacts. The previous studies 

focused on drought monitoring and damage assessment 

[13]; yet, the drought hazard assessment is insignificantly 

paid attention to. The spatial distribution and degree of 

drought hazard comprise a key tool for drought hazard 

assessment [14]. Consequently, efforts should be made to 

identify the drought hazard areas along with their degree. 

Hazard refers to a threatening event, substance, or 

condition that caused death, injury, and damage to 

property, livelihood, service, social, economic, and 

environment [15].  

An effective drought hazard mapping accounts for the 

selection and zoning of all of the influenced factors to the 

drought hazard [16]. Spatial analysis and satellite 

information are very important for drought hazard mapping 

since attribute analysis requires both space and temporal 

components. The satellite information provides attributes, 

which are precise, timely, and continuous over a large area. 

The spatial analysis supports data integration and analysis 

[17]. Analytical Hierarchy Process (AHP) is a dimension 

theory using a pairwise comparison that depends on the 

experts’ judgment and previous studies or literature review 

to obtain the priority scales. Additionally, it is one of the 

powerful approaches dealing with multi-criteria decision-

making [18]-[19]. AHP approach is more effective when 

combined with GIS [20]. 

Therefore, this study aims to develop the drought hazard 

map by incorporating the influenced factors with the help 

of the AHP approach and GIS techniques. Due to its high 
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drought impacts, therefore, Kampong Speu Province, 

Cambodia is nominated as the study area of this research. 

The developed map could benefit the community and 

national decision-makers, who are involved in disaster 

management and risk management. Moreover, the map can 

support the emergency facilities for implementing effective 

plans or activities before, during, and after disasters [21]. 

2. MATERIAL AND METHOD 

Study Area  

Kampong Speu Province, Cambodia, geographically lies 

between 11.6155° N and 104.3792° E, as shown in Figure 

1. It has a total area of 6,966 km2 with a total population of 

872,219 [22]. The province owns seven districts and one 

municipality with 87 communes. The study area’s 

elevation ranges between 03 and 1,814 m above the mean 

sea level. Additionally, the average annual rainfall is 1,562 

mm with an average temperature of 27.5 °C whereas the 

average relative humidity is 76.24%. According to the 

“Center for Excellence in Disaster Management & 

Humanitarian Assistance” (CFE-DM), the province is one 

of the most drought-affected provinces in Cambodia since 

there is a delay of rainfall within the rainy season and no 

water or too little water within the dry season [10]. 

 

 

Fig.1. Study area in Kampong Speu Province of Cambodia. 

Data Preparation  

Various types of data were used for drought hazard 

mapping in this research. The data and information were 

collected from various sources to establish the criteria 

layers using GIS techniques. The satellite information of 

Tropical Rainfall Measuring Mission (TRMM), NASA 

POWER, NASA, and USGS was used to obtain rainfall, 

relative humidity, average temperature, maximum 

temperature, slope, drainage density, and land use data. 

Besides, data of administrative boundary and soil types 

were obtained from Open Development Cambodia (ODC). 

Table 1 illustrates the data derived from multi-sources and 

applied for developing a drought hazard map in this study. 

 
Table 1.  Types and sources for developing drought hazard 

map in this research 

 

Method  

Reference [19] used climatic factors, soil, landuse, slope, 

groundwater, and socio-economic factors to develop the 

drought vulnerability map. This research however focuses 

on the hazard map. The groundwater data are limited in the 

study area. The socio-economic factors and groundwater 

data, therefore, were not used in this research. Furthermore, 

drainage density was used in the drought assessment [17]. 

In this research, eight parameters (see in the drought hazard 

index session) therefore were applied to weigh the drought 

hazard and its spatial distribution. The drought hazard 

intensity was grouped into five categories - very low, low, 

moderate, high, and very high, due to its rating. AHP was 

applied to obtain each parameter’s weight according to 

their influence on the drought hazard. The conceptual 

framework of this study was illustrated in Figure 2. It 

shows that the drought hazard map was developed based 

on the influences of eight parameters. 

 

 

Fig. 2. Conceptual framework of this research. 

Drought Hazard Index (DHI) 

The drought hazard index consists of rainfall, relative 

humidity, average temperature, maximum temperature, soil 

types, slope, drainage density, and landuse. The parameters 

were manipulated to five influenced hazard levels with a 

rating score from one to five respectively. The given scores 

were based on previous studies [18]-[19]-[23]. The 

pairwise and normalized comparison matrix of 8 x 8 was 

created to acquire the weight of each parameter. Then the 

drought hazard index (DHI) was calculated according to 

Equation 1 [14]-[24]-[25]. 
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 Hazard  = ∑ 𝑊𝑓
𝑛

𝑓=1
 ×  𝑆𝑓 (1) 

where, f is the drought hazard parameters, n is the total 

drought hazard parameters, Wf is the weight of each 

parameter obtained from the eigenvalue method, and Sf is 

the parameter’s score according to their influence on 

drought hazard. 

Analytical Hierarchy Process (AHP) 

AHP is a powerful approach for revealing the problems of 

multi-criteria analysis [26]-[27]. Each parameter’s weight 

was therefore calculated by using the AHP approach. The 

pairwise comparison matrix of 8x8 was created to find the 

importance of one parameter compared to other parameters 

in the first phase. Then the nine-point fundamental scale 

was used to measure the significant levels of all drought 

hazard parameters. The important levels comparable to 

equal important, moderate important, strong important, 

demonstrate important, and extreme important were 

denoted by the intensity of important 1, 3, 5, 7, and 9 

respectively in the nine-point fundamental scale. The 

intermediate level of each significance was given the 

intensity of important 2, 4, 6, and 8, while the less 

important parameter is valued from 1/9 to 1 [26]-[28]. 

Consistency Check 

The consistency check is normally required for assessing 

the efficiency of the pairwise comparison matrix. Equation 

2 was used to calculate the consistency ratio (CR). The 

acceptable CR must be lower than 0.1, which is equivalent 

to 10% [26]. 

 CR =  
CI

RI
 (2) 

where, RI is the random index, CR is the consistency ratio, 

and CI is the consistency index. 

RI is provided in T. L. Saaty’s study (1980); accordingly, 

the RI of this research is 1.40 [29]. Moreover, the CI was 

calculated by Equation 3 [26]. 

 CI =  
(λmax−n)

n−1
 (3) 

where, λmax is the eigenvector matrix’s largest number, and 

n is the number of drought hazard parameters. 

As a result, the consistency ratio (CR) of this research is 

0.06 or 6%, which is less than the acceptable level of 10%, 

which means that the consistency ratio (CR) of the 

weighted coefficient is acceptable. 

Eight Physical Drought Hazard Parameters 

Rainfall: Rainfall is the most significant parameter that 

influences drought occurrences since its variations could 

affect the severity of drought [30]. The less number of 

rainfall incidence usually causes a drastic drought hazard 

(Table 2). The isohyet map of average annual rainfall from 

2000-2019 over Kampong Speu Province has been 

developed by using Inverse Distance Weight (IDW) 

interpolation algorithm. The interpolated rainfall ranges 

from 1,402-1,937 mm are shown in Figure 3. 

 

 

Fig. 3. Isohyet map of average annual rainfall over Kampong 

Speu Province. 

Relative humidity: Humidity is one of the main criteria 

that affect drought [20]. The low humidity areas are 

normally prone to drought hazards (Table 2). The iso-

humid map of average monthly relative humidity has been 

created by using the IDW interpolation algorithm. The 

average monthly relative humidity over the study area 

ranges from 73-79%. Figure 4 illustrates the iso-humid 

map of relative humidity over Kampong Speu Province. 

 

 

Fig.4. Iso-humid map of average monthly relative humidity 

over Kampong Speu Province. 

Average and maximum temperature: Temperature has 

significant effects on drought incidence. The warmer 

temperature increases the evapotranspiration and water 

demand that put greater stress on the water supply [19].  
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Fig.5. Iso-temperature map of average monthly temperature 

over Kampong Speu Province. 

 

Fig. 6. Iso-temperature map of maximum temperature over 

Kampong Speu Province. 

The IDW interpolation algorithm has created the iso-

temperature maps of average and maximum temperature. 

The interpolation of average temperature ranged from 27-

28 °C and maximum temperature ranges from 31-33 °C, as 

presented in Figures 5 and 6. 

Soil types: Types of soil greatly impacts groundwater 

conducive and moisture-holding [19]. There are eight soil 

types, which were classified into five classes according to 

their permeability coefficient as illustrated in Figure 7. 

Each group of soil has different effect levels on the drought 

hazard (Table 2).  

Drainage density: Drainage density is analyzed by 

dividing the streamline’s length by the areas of the basin. 

The high drainage density areas are less prone to drought 

hazards [31]. The hydrological tools were used to derive a 

drainage density map. Then the drainage density map is 

divided into five categories by using Jenks Natural Breaks. 

Figure 9 demonstrated the drainage density, which is 

ranged from 0.3-4.9 km-1. 

 

 

Fig.7. Soil types map over Kampong Speu Province. 

Slope: Evapotranspiration rate, soil characteristics, and 

vegetation are affected by the exposure of slope to wind 

and sunlight. The slope was used in drought risk 

assessment [20]. The Digital Elevation Model - DEM was 

applied to obtain the slope distribution map. Over the study 

area, the slope ranges from 0-66 degrees, as shown in 

Figure 8. 

 

 

Fig.8. Slope map over Kampong Speu Province. 

Landuse: Landuse is one of the factors that severely 

influence the drought hazard [19]. Each landuse type has 

different impact levels on the drought (Table 2). The 

supervised image classification was applied to obtain the 

landuse map. The land is used by built-up, agricultural 

forest, water, and bare soil (Figure 10). 
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Fig. 9. Drainage density map over Kampong Speu Province. 

Table 2.  Parameter’ classes based on their weighted values 

 

 

 

 

Fig.10. Landuse map over Kampong Speu Province. 

3. RESULTS AND DISCUSSION 

The spatial distribution of the drought hazard map was 

established with the AHP approach combined with GIS 

techniques. Tables 3 and 4 show the drought hazard 

parameters’ (8 x 8) pairwise and normalized pairwise 

comparison matrix. The rainfall parameter has the highest 

weight with a value of 0.33 following by drainage density 

0.24, average temperature 0.17, relative humidity 0.09, and 

maximum temperature of 0.07. The landuse, soil types, and 

slope have the lowest weights compared to the other 

parameters with the weight of 0.04, 0.03, and 0.02, 

respectively, as illustrated in Table 4. 

 
Table 3.  Pairwise comparison matrix 

 
 

Table 4.  Normalized pairwise comparison matrix 

 

Equation 1 was used to create the final drought hazard 

map of Kampong Speu Province with the additional results 

of hazard values acquired from statistical analysis (Figure 

11). The results indicate that 26.30% of the total areas fall 

in moderate drought hazard categories. The 24.36% and 

20.88% of Kampong Speu Province are located in very 

high and low drought hazard levels. Moreover, 14.64% of 

the total areas are found in high drought hazards, and 
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another 13.82% of the total areas are located in the very 

low drought hazard categories. 

 

 

Fig.11. Spatial distribution of drought hazard map over 

Kampong Speu Province. 

The results also show that some districts in Kampong 

Speu are prone to very high drought hazards. These 

districts are Basedth (6.87% of the total areas), Samraong 

Tong (5.47% of the total areas), Odongk (5.34% of the 

total areas), and Kong Pisei districts (5.32% of the total 

areas). Moreover, the very low and low drought hazard 

areas are located in Aoral district with 13.55% and 12.97% 

of the total areas, respectively. Figure 12 presents a bar 

chart of the drought hazard areas in all districts of 

Kampong Speu Province. 

 

 

Fig.12. Areas of drought hazard in each district 

According to CFE-DM, Kampong Speu Province was 

affected by droughts, particularly during El Niño in 2015-

2016, which caused a severe impact on society [10]. The 

northeast, east, and southeast parts of Kampong Speu are 

mostly covered by built-up and agriculture. These areas as 

well receive less rainfall and high temperature; therefore, 

these areas fell in the very high drought hazard regions. 

The result reveals that Chbar Mon municipality is situated 

in the high drought hazard regions; however, the historical 

data [32] demonstrates that Chbar Mon municipality was 

unaffected by droughts. It could be due to the facilities 

existing there better than others do. Reference [33] 

mentioned that the high vulnerability of drought in 

Cambodia depends on the high poverty level and huge 

reliance on the agriculture level. The lack of food security, 

power supply, irrigation facilities, and low productivities 

add more vulnerability to drought. Moreover, the level of 

drought hazard spatial distribution compare to the drought 

historical data loss is a bit different although the areas 

prone to drought in both AHP and historical data are found 

in the same districts. This might be biased due to the 

weighted values of each parameter [34], which could have 

huge effects on the developed hazard map. Additionally, 

the satellite-based climatological data might be inaccurate 

[35] as the ground observed data were not used. 

Furthermore, the bias could be related to the parameters 

selected since the socio-economic factors were not taken 

into account in this research. The drought hazard study is 

just one component of the drought risk assessment. The 

further study, therefore, should take into account the 

drought risk assessment by using the AHP approach, which 

as well as associated with the experts’ opinions rather than 

focusing on literature review only. Besides, the use of 

observed climatological data should be considered. 

4. CONCLUSION 

The study established a multi-criteria drought hazard map, 

which integrates eight influence parameters on drought 

hazard including rainfall, relative humidity, average 

temperature, maximum temperature, soil types, slope, 

drainage density, and landuse by using the AHP method 

combined with GIS techniques. This research only focused 

on the physical parameters and remote sensing data. The 

result revealed that Kampong Speu Province is located in 

moderate drought hazard 26.30% and followed by very 

high hazards 24.36%, low hazard 20.88%, high hazard 

14.64%, and very low hazard 13.82% of the total areas. 

Moreover, Basedth, Samraong Tong, Odongk, and Kong 

Pisei districts have a very high hazard to drought whereas 

Aoral district is found located mostly in the very low and 

low hazard to drought. The ground truth data was not used 

to compare with the drought hazard map since it was not 

available. The current study could support decision-makers 

in developing potential preventive measures in drought 

mitigation and planning under the perspective of climate 

change Besides, further study in this area could make use 

of the existing approaches presented in the research. 

Additionally, a Community-Based Early Warning System 

(CBEWS) is very significant for predicting and forecasting 

drought hazards, consequently mitigating the impact of 

drought, and reducing damages. 
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