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Abstract: Cambodia is an agricultural country. More than 80% of its population are farmers. Cambodia has
frequently experienced natural disasters such as heavy storm, flood and drought. Due to the decrease in rainfall
amount in recent years, drought has been considered a looming catastrophe for the country. Thus, assessing
the frequency and severity of drought is of high importance to prevent economic losses and to develop ways
towards sustainability. The analysis of drought has commonly been performed using drought indices. While a
number of drought indices have been developed, the choice of the drought indices usually depends on factors
such as the objective of the study, data availability, and reliability of the indices. The Standardized Precipitation
Index (SPI) was selected for this study due to its low data requirement, temporal flexibility, and popularity in
assessing meteorological drought which was the focus of the study. SPI requires only precipitation data and
allows the modeler to determine the probability of a drought event and associated severity at a given time scale.
The methodology for estimating the SPI was demonstrated through a case study of the Baribo basin which is
a sub-basin of the Tonle Sap. This study used rainfall data from 13 stations from 1985 to 2008. The assessment
was conducted at six time scales including 1-, 3-, 6-, 12-, 24-, and 48-month. The results showed that the
extremely drought events occurred in the Baribo basin in 1987, 1993, 1997 and 2001 to 2004. This finding is
supported by historical records of agricultural loss found in this area. Drought maps obtained from
interpolating the SPI values at the rainfall stations over the entire basin could be used for providing a summary
of drought conditions across the basin and could offer better monitoring and planning.
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1. Introduction social and economic development (David and Claudia,

Throughout history, nations, cities and civilizations 2006). Different quantity of water has been used in
have grown near water resources as water is a various sectors across the world. For example, in
fundamental necessity to life on earth and crucial for developed countries, water is generally consumed
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most in industrial sector whereas, in developing
countries, such as Cambodia, water is most used for
agriculture (United Nations World Water Assessment
Programme (WWAP), 2003). Cambodia is considered
to have abundant water resources (Ministry of Water
Resources and Meteorology (MoWRaM), 2008), but
they are spatially and temporally nonuniform
distributed in space and time (Sam and Pech, 2015).
Cambodia’s economic mainstay is heavily dependent
on agricultural sector for the development of the GDP
(Bansok et al., 2011). Main agricultural regions in
Cambodia are the Tonle Sap and Mekong basins
where rice is commonly grown (Saburo et al., 2006).

Asean coordination centre for Humanitarian
Assistance on disaster management (AHA Centre)
(2015) found that drought has been noticed as one of
the three major hazards in the Cambodia. Based on
the evaluation performed by the Ministry of
drought led
approximate of 20% decrease in national rice
production between 1996 to 2000. Drought has
become more threatening catastrophe for the country

Environment, Cambodia, to an

in recent years due to a decrease in rainfall amount
and climate change. This study therefore attempts to
assess meteorological drought caused by reduced
rainfall amount. The Standard Precipitation Index
(SPI) was selected for the assessment because it is
widely used, and flexible for indicating the drought
severity at various time scale and locations. The
Baribo basin, a sub-basin of the Tonle Sap, was
selected as the study area because it is where drought
could pose high risk on rice production and country’s
economy. The evaluation of drought can help identify
vulnerable area, prevent economic loss, and support

national development.

1.1 Objectives
The main objective of this study is to assess the
drought frequency and severity using the SPI at

various time scales in the Baribo basin in Cambodia
between 1985 and 2008.

1.2 Definition of drought

The definition of drought has been defined by a
number of researchers. According to Vlachos and
James (1983), drought is one of the four categories of
water deficit defined based on its process and context
as shown in Figure 1. The process refers to
environmental transformation which can be either
caused by nature or human (man-made). The context
is considered based on the duration of existence of the
process which can be temporary or permanent. Apart
from drought, other three categories are aridity, water
shortages, and desertification. Drought and aridity are
caused by natural process but they are different in
terms of duration of existence. Drought is temporary
water imbalance while aridity is permanent water
deficiency. When moving from natural to man-made
process, temporary water imbalance is called water
shortages and permanent water deficiency is termed
as desertification.

Context
Temporary water
imbalance

Permanent
Deficiencies

Natural

Process
(environmental transformation)

Desertification

Water Shortages

Man-made

Figure 1. The four main terms of water deficit
(Vlachos and James, 1983).

Even more specific, researcher such as Wilhite and
Glantz (1985) defined drought using two main
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definitions of conceptual and operational definitions.
Conceptual definitions of drought are expressed in
general description of the concepts for overall

understanding and organizing drought policy

(National Drought Mitigation Centre (NDMC), 2006).

Operation definitions of drought principally describe
criteria for identifying the beginning and ending of
drought and severity for a specific application
(Mishra and Singh, 2010).

2. Study area
The Baribo basin is selected for this study. Its
characteristics are presented below.

2.1. General basin characteristics

The Baribo basin is the fifth biggest among 11
basins of the Tonle Sap basin and covering three
provinces including Kompong Chhnang, Kompong
Speu, and Pursat. It has the area of 7155 km?and the
elevation is varied from 0 to 1779 msl (meter above
Mean Sea Level) as shown in Figure 2. The direction
of flow is from the west to the east to the Tonle Sap
great lake. The main economic activities of the
residents are agriculture and fisheries. Rice is grown
during the wet season and rice and vegetables are
grown during the dry season.

The Baribo basin is divided into three sub-basins
which are Bamnak, Baribo, and Kraing Ponley as
shown in Figure 2. The area of the sub-basins are
1091 km?, 2995 km?, and 3006 km? respectively. The
eastern part of the Baribo basin is the floodplain area
connected to the Tonle Sap great lake. This area is the
most favourable place for growing rice in both wet
and dry seasons. The western part of the Baribo basin
is mostly mountainous. The distribution of the river
network is dense.

2.2. Rainfall characteristics
There are 13 rainfall stations which geologically

located within and nearby the Baribo basin as
illustrated in Figure 2. The daily rainfall data between
1985 and 2008 were used for the analysis.
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Figure 2. The Baribo basin with sub-basins, river
network, elevation, and rainfall stations.

Kriging interpolation method was selected to
represent spatial distribution of annual average
rainfall across the entire basin. Figure 3 shows a
gradient of increasing rainfall from west to east, or
from upstream to downstream. Annual average
rainfall in the Bamnak sub-basin ranges from 1310 to
1455 mm while that of the Baribo sub-basin isfrom
1215 to 1600. For the KraingPonley sub-basin, the
annual average rainfall varies from 1167 to 1500 mm.
The highest annual average rainfall value is at the
downstream part of the Baribo sub-basin next to the
Tonle Sap great lake while the lowest annual average
rainfall value is at the middle of the downstream part
of the KraingPonley sub-basin. Figure 4 to Figure 6
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show the values of the annual rainfall of each station

in the three sub-basins. There are 2, 5, and 7 rainfall

stations in the Bamnak, Baribo, and Kraing Ponley

sub-basins, respectively.
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Figure 3. Annual average rainfall for the Baribo basin
produced by kriging interpolation method.

Station 120406 represents the annual rainfall for
both Bamnak and Baribo sub-basins due to its
location on the border between these two sub-basins.
Figure 4 to Figure 6 show that the highest annual
rainfall values in the Bamnak, Baribo, and Kraing
Ponley sub-basins are 1940, 2850, and 2150 mm,
respectively. The Baribo sub-basin has the highest
annual rainfall. The patterns of annual rainfall for the
three sub-basins are generally similar except some
stations such as 120401 in the Baribo sub-basin that
shows higher variation in annual rainfall compared to
other stations. Based on the annual rainfall patterns
shown in Figure 4. to Figure 6., 1992, 1996, and 2000

are considered wet years and 1990 and 1997 are
considered dry years. A decrease in annual rainfall is
more pronounced from 2002 to 2006. This causes
higher concerns for the drought risk in the Baribo
basin.
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Figure 4. Annual rainfall of the rain stations located
within and nearby the Bamnak sub-basin.
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Figure 5. Annual rainfall of the rain stations located
within and nearby the Baribo sub-basin.
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Figure 6. Annual rainfall of the rain stations located
within and nearby the Kraing Ponley sub-basin.

3. Methodology
This section explains overall methodology with a

149



Internet Journal of Society for Social Management Systems Vol.11 Issue 1 sms17-2115

ISSN: 2432-552X

focus on the estimation of the SPI.

3.1 Overall methodology

The overall methodology consists of five main
steps as shown in Figure 7. The rainfall data from 13
stations were obtained from the MoWRaM and
checked for suspicious values. The SPI was calculated
for each rainfall station (see Section 3.2.) and
interpolated over entire the Baribo basin as a drought
map  summarizing  key  characteristics  of
meteorological drought e.g. magnitude (duration and
intensity), spatial extent, and probability of
occurrence. The interpretation of the drought map was
performed based on the obtained results and discussed

in more details in Section 4.

Drought index estimation

}

Interpolation of the
drought index

Figure 7. The overall methodology.

3.2 Estimation of the Standardized
Precipitation Index (SPI)

SP1 is a well-known drought index which has been
applied
Millington, 2015). It can be used to indicate both dry
and wet periods and at many time scales. The SPI

in many climate zones (Chhinh and

requires only precipitation data. The calculation is

based on the probability distribution of precipitation
(McKee et al.,, 1993). Using different theoretical
probability distribution to represent empirical
distribution of precipitation could have strong
influence on the SPI value. The widely used
probability distribution for precipitation which has
been found to fit well with meteorological data with
zero and low values is gamma distribution (Thom,
1966, McKee et al., 1993, Edwards, 1997, Mishra et
al., 2009). The alpha and beta are the shape and scale
parameters of the gamma probability density function,
respectively. They are estimated to determine the
cumulative probability of the precipitation for each
station and time scale of interest. The cumulative
probabilities of gamma distribution are transformed
to standardized normal distribution and estimated as
Z-score. The SPI is derived from the Z-score using
normal inverse cumulative distribution function. Guo
et al. (2017) categorized the severity of the drought
based on the SPI value as shown in Table 1. The
values of SPI above zero indicate the wet period and

below zero indicate the dry period.

Table 1. Drought classification base on SPI output.

SPI1 Value Category
2.00 and above | Extremely wet (W3)
150t01.99 | Severely wet (W2)
1.00t0 1.49 | Moderately wet (W1)

0.99 to -0.99 | Near normal (N)
-1.00to -1.49 | Moderately dry (D1)
-1.50t0 -1.99 | Severely dry (D2)
-2.00 and less | Extremely dry (D3)

4. Result and discussion

4.1. Characteristic and severity of drought

The SPI values were computed at 1-,3-,6-, 12-, 24-,
and 48-month time scales to indicate the severity of
drought in the Baribo basin from 1985 to 2008. Figure
8 to Figure 10 show the SPI values calculated for
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rainfall station 120320, 120401, and 110430 which
are relatively located in the middle of the sub-basin
and considered as representatives for the Bamnak,
Baribo, and Kraing Ponley sub-basins, respectively.

The SPI values for short time scales, i.e. 1-, 3-, 6-,
12-month represent variability of the annual rainfall
and seasonality. It can be seen from Figure 8 to Figure
10 that the SPI values at short time scales change
significantly above and below zero. Figure 8 to Figure
10 show rapid change of a number of extreme SPI
values along the period of study; each of these values
occurs for a short period. At short time scales, the
lowest values of SPI referring to drought that
potentially occurs in the Bamnak, Baribo, and Kraing
Ponley sub-basins range from -2.44 to -2.66, -1.97 to
-3.03, and -2.33 to -2.87, respectively.

The SPI values at longer time scales (24- and 48-
month) have been found to perform well in detecting
historical dry and wet events. The SPI values for long
time scales change slower, last longer, and have less
variability compared to those of the short time scales.
At long time scales, the lowest values of SPI in the
Bamnak, Baribo, and Kraing Ponley sub-basins vary
between -1.64 and -1.74, -1.58 and -1.75, and -1.85
and -1.94, respectively. For all sub-basins, no SPI
values at long time scales were less than -2 meaning
that there were no extremely dry events. The longest
period of drought across the three sub-basins was
from 2001 to 2006. Extremely dry events for all three
sub-basin occurred in 1987, 1993, 1997 and 2001 to
2004 as shown in Figure 8 to Figure 10. Based on the
SPI values at longtime scales, 1988 to 1989 are
identified as wet periods for the Bamnak and Kraing
Ponley sub-basins. For the Baribo, different wet
period is found in 2000.

The duration associated with each class of the
drought severity is measured using the number of

months as showed in Table 2 to Table 4. For all sub-
basins, moderately dry events are most frequent and
extremely dry events are least frequent compared to
other classes of the drought severity. The probabilities
of drought at short time scales in the Bamnak, Baribo,
and Kraing Ponley sub-basin vary from 13.77% to
17.39%, 10.07% to 15.91%, and 10.51% to 18.48%,
accordingly. The probability of drought event at long
time scales in the Bamnak, Baribo, and Kraing Ponley
are about 16.67%, 16.3%, and 20%. The Kraing
Ponley sub-basin is considered the most vulnerable to
drought both for short and long time scales, especially
at 12-month and 48-monht time scales as it shows
highest probability of drought out of all classes equal
to 18.48% and 20.42 respectively.

4.2. Drought severity distribution
The results from Figure 8 to Figure 10 indicate that in
July 1987, September 1993, and December 2004 are
the extremely dry periods. The SPI values of these
two years were selected to produce the drought map
over entire the basin over the time scale of 1- to 48-
month as shown in Figure 11 to Figure 16. When
analyzing at short time scales, the Kraing Ponley sub-
basin is the most vulnerable to drought compared to
the Bamnak and Baribo sub-basins. The severity of
drought in 1987 and 1993 in the Bamnak and Baribo
sub-basins were not as high as that happened in 2004.
The vulnerable drought area in the Bamnak sub-basin
is in the upstream in southwest part of the sub-basin.
The upstream area of the Baribo sub-basin connected
to the Bamnak sub-basin is also vulnerable to drought
at short time scales. For long time scales, moderately
drought events occurred at the downstream of the
Baribo sub-basin and the severely and extremely
drought events took place in the middle of the
downstream of the Kraing Ponley sub-basin for the
three selected events. The Bamnak sub-basin was not
affected by the drought problem in 1987 and 1993 but
it was affected in 2004 in the upstream area in the
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Figure 8. The SPI values at 1-, 3-, 6-, 12-, 24-, and 48-  Figure 9. The SPI values at 1-, 3-, 6-, 12-, 24-, and 48-
month time scales between 1985 and 2008 for station month time scales between 1985 and 2008 for station
120320. 120401.
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Table 2. The number of months associated with in the
classes of the drought for station 120320",

Drought Time scale (month)

severity 1 3 6 12 24 48
W3 4(1) 3(1) 8(3) 13(5) 13(5) 9(4)
W2  |18(6) 14(5) 10(4) 5(2) 10(4) 14(6)
W1 |28(10) [31(11) |29(11) |17(6) 23(9) 32(13)
N 198(69) [190(69) |181(66) |194(70) |174(66) |145(60)
D1  |29(10) |21(8) 27(10)  [24(9) 35(13) |35(15)
D2 |7(2) 10(4) 16(6) 20(7) 9(3) 5(2)
D3 [4(1) 7(3) 5(2) 3(1) 0(0) 0(0)

Months |288(100) [276(100) |276(100)|276(100) |264(100) |240(100)

SPI (Max)| 2.39 2.31 2.28 2.55 2.97 2.34

SPI (Min)| -2.46 -2.66 240 | -2.44 | -164 | -1.74

Table 3. The number of months associated with in the

classes of the drought for station 120401".

Drought Time scale (month)

severity 1 3 6 12 24 48
W3 |11(4) 10(4) 10(4) 20(7) 21(8) 11(5)
w2 [7(2) 11(4) 104)  |4(1) 5(2) 27(11)
W1 |24(8) 23(8) 18(7) 8(3) 1(0) 10(4)
N 217(75) |196(71) [198(72) |201(73) |195(74) |152(63)
D1  [21(7) 26(9) 26(9) 31(11) |38(14) ]32(13)
D2 |[5(2) 3(1) 7(3) 12(4) 4(2) 8(3)
D3 [3(1) 7(3) 7(3) 0(0) 0(0) 0(0)

Months |288(100) [276(100) |276(100)|276(100) |264(100) |240(100)

SPI (Max)| 3.13 2.73 2.82 2.89 2.89 2.14

SPI (Min)| -2.50 -3.03 -3.02 -1.97 -1.58 -1.75

Table 4. The number of months associated with in the
classes of the drought for station 110430".

Drought Time scale (month)

severity 1 3 6 12 24 48
W3 |3(1) 8(3) 6(2) 8(3) 5(2) 0(0)
W2 |13(5) 14(5) 18(7) 15(5) 18(7) 12(5)
W1 |52(18) [19(7) 27(10)  [36(13) [25(9) 34(14)
N 189(66) [206(75) |182(66) |166(60) |164(2) |145(60)
D1 [17(6) |14(5) 28(10) |42(15) |[36(14) |25(10)
D2  [9(3) 8(3) 13(5) 7(3) 16(6) 24(10)
D3 [5(2) 7(3) 2(1) 2(1) 0(0) 0(0)

Months |288(100) [276(100) |276(100)|276(100) |264(100) |240(100)

SPI (Max)| 2.55 2.29 3.01 2.50 2.33 1.96

SP1 (Min)| -2.60 -2.87 -2.61 -2.33 -1.85 -1.94

*Remark: Numbers in the brackets are the probability

of drought occurrence in the unit of percent.

southwest next to the Baribo sub-basin.

5. Conclusion

The Standardized Precipitation Index (SPI) can be

used to identify and assess drought severity at many

time scales according to various purposes. The SPI is

153



Internet Journal of Society for Social Management Systems Vol.11 Issue 1 sms17-2115

ISSN: 2432-552X

Drought map of the Baribo basin

1-month (Dec-2004)

1-month (Sep-1993)

Legend
Y Rainfull stations

|:| Sub-basins of Baribo

SPI value

- -2.00 and less
[ -15010-199
[ ]1.00w0-149
[ ]-099% 099 *

10445
Kraing Ponley

[ 10010 149
N
B 5001 126
23 ®
B 2 o obove * 110425
0 25 50 100 Kilometers

Drought map of the Baribo basin

6-month (Dec-2004) 6-month (Sep-1993)

12040% 50416

Baribo p

Kraing Pon le! *

120404 50416
Baribo *-

Legend
Y Rainfall stations

I:l Sub-basins of Baribo

SPI value

- -2.00 and less
[ -15010-199
[ ]-1000-149
[ ]-09910 099 *
[ 1000 1.9 N

Bl 500199

- 2 and above A *

0 25 50 100 Kilometers

10445
Kraing Ponley

23
110425

Figure 11. The drought map of 1-month time scale.

Figure 13. The drought map of 6-month time scale.
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Figure 12. The drought map of 3-month time scale.

Figure 14. The drought map of 12-month time scale.
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Figure 15. The drought map of 24-month time scale.
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Figure 16. The drought map of 48-month time scale.
At 48-month time scale in July-1987, the drought map

cannot be developed due to unavailability of the
calculated SPI.

a widely-used and friendly index which requires only
precipitation data to represent meteorological drought.

The moderately drought events of the long time
scales occurred more often than short time scales.
There is no extremely drought event for the longtime
scales during the study period but there are several
extremely drought events for short time scales. When
comparing the drought map of each time scales with
the isohyetal map of annual average rainfall, both of
the short and longtime scales of the SPI fit well to the
isohyetal map of annual average rainfall. Across the
three sub-basins, IS most
vulnerable to the drought problem. The Bamnak and

the Kraing Ponley

Baribo sub-basins were affected by the drought in the
2004 but not in 1987 and 1993.

Suggestion for future research in the Baribo basin
are assessing meteorological drought using other
indices, enlarging the scope of the study to address
agricultural and hydrological droughts, and applying
the SPI,
informative indices to address agricultural drought as

either alone or together with other

in recent years, drought and flood have occurred more
often and with increased severity due partly to the
impacts of climate change and other associated
factors. Thus, extending the scope of this study to
better
understanding of different types of droughts thus

cover agricultural drought could offer
leading to increased efficiency in planning and

management.
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