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ABSTRACT   

The phenomenon of drought and water scarcity due to climate change is a major problem in 

many countries. Assessing drought conditions and water availability in a watershed helps the 

government and communities implement sustainable watershed management. The study was 

conducted in Krueng Jreue Sub Watershed, Krueng Aceh Watershed, Aceh Province, 

Indonesia. The meteorological and hydrological indices in the watershed were analyzed using 

statistical Z-Score for Precipitation (ZSP) and Discharges (ZSD). Discharges originated from 

Mock model was used to examine the water availability in a watershed. The results showed 

the ZSP and ZSD indices from 2008 to 2017 were almost categorized as normal. In certain 

months, drought indices with the criteria of extreme wet (EW), very wet (VW), and severe 

drought (SD) also occurred. In general, the ZSP and ZSD indices were consistent, but for 

certain months (April 2008, November 2010, and March 2017) inconsistencies were found due 

to differences in signs and index classes. The Mock model parameters for the proportion of 

surface soil uncovered by vegetation (m), infiltration factor (IF), initial soil moisture (ISM), 

and flow reduction coefficient (Rc) were 20 %, 0.4, 200 mm month
-1

, and 0.6, respectively. The 

average monthly discharge during the period of 2008-2017 ranged from 3.16-31.18 m
3
s

-1
. The 

total water needs of 5.041 m
3
 s

-1
 per month. The water availability per month was surplus in 

the rainy season (October-April), but deficit in the dry season (May-September). This 

research not only contributes to enriching references for similar research in Krueng Aceh 

Watershed, Indonesia but can also be applied to other watersheds according to the current 

conditions of watershed characteristics.  
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                بصري وآخرون                                                                                 398-388(:2)54: 2023-مجلة العلوم الزراعية العراقية 

 MOCKو  Z-SCORتقييم مؤشرات الجفاف وتوافر المياه باستخدام نموذج إحصائي 
 ثومين       سياكور      أزمري        حسن   سفاردي         بصري     

 المستخلص
، مقاطعة آتشيه ، إندونيسيا. تم تحليل  Krueng Jreue Sub Watershed  ،Krueng Aceh Watershedأجريت الدراسة في 

(. تم ZSD( والتصريف )ZSPالإحصائية للهطول ) Zالمياه باستخدام درجة  مؤشرات الأرصاد الجوية والهيدرولوجية في مستجمعات
من  ZSDو  ZSPلفحص توافر المياه في مستجمعات المياه. أظهرت النتائج أن مؤشرات  Mockاستخدام التصريفات الناتجة عن نموذج 

( EWا مؤشرات الجفاف مع معايير الرطب الشديد )تم تصنيفها تقريبًا على أنها طبيعية. في أشهر معينة ، حدثت أيضً  2017إلى  2008
متسقة ، ولكن لبعض الأشهر )أبريل  ZSDو  ZSP(. بشكل عام ، كانت مؤشرات SD( ، والجفاف الشديد )VW، والرطوبة الشديدة )

معلمات النموذج  ( تم العثور على تناقضات بسبب الاختلافات في العلامات وفئات الفهرس. كانت2017، مارس  2010، نوفمبر  2008
( ، ومعامل تقليل ISM( ، ورطوبة التربة الأولية )IFالوهمي لنسبة التربة السطحية المكشوفة بواسطة الغطاء النباتي )م( ، وعامل التسلل )

 على التوالي.  0.6، و  1-ملم شهر  20 ، ٪0.4  ،200 (Rcالتدفق )
 ياه؛ فائض وعجز المياه: إدارة مستجمعات المياه ؛ ادارة المةيفتاحمالالكلمات 
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INTRODUCTION  

Climate change causes not only drought and 

flooding in various countries but also water 

scarcity. Every country needs to anticipate this 

problem early so that it does not affect the 

water adequacy for the community, 

agriculture, tourism and industry. One of the 

important activities that must be carried out is 

to evaluate meteorological and hydrological 

drought as well as water availability based on 

the current biophysical conditions of a 

watershed (28, 33, 34). A hydrological disaster 

cannot be avoided, but with the science and 

technology development supported by accurate 

data (52), it can be anticipated to minimize 

environmental damage losses. Both are caused 

by the main and additional components of the 

hydrological disaster vulnerability parameters 

(27). This fact implies the importance of 

understanding the area description, the land 

biophysical characteristics and its response to 

changes in the hydrological cycle due to global 

climate change and extreme weather (56), 

including the Krueng Aceh Watershed. The 

Krueng Jreue Sub Watershed is a part of 

Krueng Aceh Watershed located at the upper 

stream of Krueng Aceh, which plays an 

important role as the water source for Aceh 

Besar District and Banda Aceh City, 

Indonesia. The increased intensity of land 

conversion negatively impacts the 

hydrological conditions of the Krueng Aceh 

watershed, such as the increase in peak 

discharge, discharge fluctuations between the 

dry and rainy seasons, runoff coefficients, as 

well as the increase in erosion, sedimentation, 

flooding and drought (36). The Krueng Aceh 

watershed is one of the priorities and critical 

watersheds out of the 108 priority handling 

watersheds in Indonesia (5). The land area of 

the rather critical category in the Krueng Aceh 

watershed, particularly in the Krueng Jreue 

Sub-watershed, increased from 2,320.88 ha 

(10.00%) in 2013 to 10,969.85 ha (47.25%) in 

2018. The decreasing forest cover can reduce 

the water discharge in a watershed, marked by 

insufficient water in the dry season. Therefore, 

the watershed sustainability can be achieved 

by identifying the links between land, 

hydrology, and the upstream-downstream 

areas that are interconnected and affect the 

watershed and sub-watershed ecosystem units 

(51).  The water availability in the Krueng 

Jreue sub-watershed range from 0.24 to 3.22 

m
3
s

-1
. The total water demand for household 

and irrigation is 0.18 - 6.44 m
3
s

-1
 (21). 

However, this study did not specifically 

analyze drought indices but instead studied the 

economic value of water in the Sub-watershed 

of Krueng Jreue. Furthermore, climate change 

and land use change are predicted to affect the 

drought indices and water availability in this 

region. Drought indices in the watershed can 

be analyzed using the Standard Precipitation 

Index (SPI) (30) and Standard Discharge Index 

(SDI) (12). Discharges are originated using the 

rainfall-runoff model, called Mock model, 

introduced by Mock, to predict the potential 

water availability (20, 32). The water surplus 

or deficit can evaluate based on the potential 

water availability, which is useful to anticipate 

the occurrence of hydrological drought and 

utilize the water as well as possible (9). 

Researchers define the term Standard 

Precipitation Index (SPI) differently. The SPI 

was firstly introduced using the Gamma 

distribution (30) and used by other researchers 

in many countries (10, 17, 18, 26 ,35, 38, 48). 

World meteorological organization released a 

Standard Precipitation Index Guide and the 

latest SPI program (SPI_SL_6.exe) is 

downloadable for free (59). Some researchers 

also use the term SPI in the form of Z-score 

statistics to examine the abnormal occurrence 

of rainfall or discharges (4, 14, 16, 22, 25, 37, 

50, 60, 54). SPI analysis using the Gamma 

distribution seems more complicated than 

using the Z-Score statistic. Models with many 

input parameters do not always perform better 

than those with several input parameters (3). 

The simpler the formula for evaluating 

hydrological drought, the more applicable it is 

in the field, and vice versa. Therefore, this 

research not only contributes to enriching 

references for similar research in Krueng Aceh 

Watershed, Indonesia but can also be applied 

to other watersheds according to the current 

conditions of watershed characteristics. 

Further research by comparing the use of the 

Mock model with other rainfall-runoff models 

is very interesting to do to enrich the reference 

for watershed management. 
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MATERIALS AND METHODS 

Times and Site: The research was carried out 

in the Krueng Jreue Sub Watershed of 

23,218.06 ha located at 5
o
12 '- 5

o
28' N and 

95
o
20 '- 95

o
32' E, which is part of the Krueng 

Aceh Watershed, Aceh Province, Sumatera, 

Indonesia (Figure 1). It was conducted in 

period from January to December, 2019. 

 
Figure 1.  Location of study area 

Data Collection 

Materials needed included some maps 

(administrative, topography, soil type, and 

land use), monthly rainfall, evapotranspiration, 

irrigation area, and population for 2008-2017. 

Land use map was obtained from Krueng 

Aceh Watershed Management Board. 

Climatology data were from Blang Bintang 

Meteorological, Climatological, and 

Geophysical Agency, and monthly river 

discharge data was derived from the Center of 

River Basin Sumatera-I. There are three 

climatological stations in Krueng Aceh 

Watershed, but only one is located in Sub 

Krueng Jreue Watershed. In this study, rainfall 

data from Indrapuri rainfall station was used, 

as shown in Figure 1. Furthermore, the 

discharges data was collected from Kr. 

Meulesong hydrometry station. 

Drought Indices 

The Z-score statistics for precipitation (ZSP) is 

used in this study to evaluate the 

meteorological drought using the following 

equation: 

𝑍𝑆𝑃 =
𝑃𝑖 − 𝑃𝑎𝑣𝑔

𝑆
  ……. (1) 

Where, Pi = precipitation (mm); Pavg = average 

of precipitation; S = standard deviation of 

precipitation 

Using the same concept, the statistical of Z-

score for discharges (ZSD) is calculated for 

evaluating hydrological drought using the 

following equation:  

𝑍𝑆𝐷 =
𝐷𝑖 − 𝐷𝑎𝑣𝑔

𝑆𝑑
 …… (2) 

Where, Di = discharge (m
3
s

-1
); Davg = average 

of discharge; Sd = standard deviation of 

discharge. Drought criteria to justify the 

drought class (10), both for ZSP and ZSD, is 

shown in Table 1.   

Table 1. Drought class for ZSP and ZSD 
No Drought criteria Values of ZSP and 

ZSD 

1 Extreme wet (EW) ≥ 2.00 

2 Very wet (VW) 1.50 to 1.99 

3 Moderate wet (MW) 1.00 to 1.49 

4 Normal (N) -0.99 to 0.99 

5 Moderate drought 

(MD) 

-1.00 to -1.49 

6 Severe drought (SD) -1.50 to -1.99 

7 Extreme drought 

(ED) 

≤ -2.00 

Mock Model 

The basic approach of the Mock model is to 

consider factors of rainfall, evapotranspiration, 

water balance at the soil surface, and 

groundwater content. The main input of the 

Mock method is rainfall data. To analyze the 

water availability in the river, monthly rainfall 

data is strongly needed. The longer the 

recording period, the better the results will be. 

Many researchers (11, 13, 24, 29, 43, 46, 47) 

used the Mock model to assess water 

discharges or water availability of watersheds.  

Generally, the researchers reported that the 

Mock model is reasonable to evaluate the 

water balance in certain watersheds. The 

equations used to calculate water balance 

parameters by the Mock model (20, 32) are as 

follows. 

Evapotranspiration: 

E    = ET0 – ΔE   ……(3) 

ΔE  = ET0 (m1/20) (18 - n1) …(4) 

Where, ΔE= the difference between potential 

and actual evapotranspiration (mm month
-1

); 

ET0= potential evapotranspiration (mm month
-

1
); m1 = the proportion of soil surface that is 

not covered by vegetation (set as 20%); n1= 

total of rainy days; E = actual 

evapotranspiration (mm month
-1

). 

Discharges of a river:  

Qriver = (Qtotal  x  A)/t ……(5) 

Qtotal = Qbase + Qdirect + Qstorm …(6)= 

Where, Qriver = discharges of a river (m
3
s

-1
), 

Qtotal = total runoff (mm month
-1

), A = 
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watershed area (Ha), t = time (second) Qbase = 

baseflow (mm month
-1

), Qdirect = direct runoff 

(mm month
-1

), and Qstorm = storm runoff (mm 

month
-1

). 

Baseflow: 

Qbase= inf - G. STORt + G. STOR(t-1) …(7) 

inf  = WS x IF …………………(8) 

WS  = ISM +  Re – E – SMS  ……(9) 

SMS= ISM + Re – E …………….(10) 

G.STORt = G. STOR(t-1) x Rc + 0.5(1 + Rc) x 

inf …………………………...(11) 

Where, inf = infiltration (mm month
-1

); G. 

STORt = ground water storage at the beginning 

of the month (mm month
-1

); G. STOR(t-1) = 

ground water storage at the end of the month 

(mm month
-1

); IF = infiltration factor (set as 

0.4); WS = water surplus (mm month
-1

); ISM = 

initial soil moisture (set as 200 mm month
-1

); 

Re = monthly rainfall (mm month
-1

); SMS = 

soil moisture storage (mm month
-1

); Rc = flow 

reduction coefficient (set as 0.6). 

Direct runoff:  

Qdirect = Ws x (1 – IF)..…(12) 

Where, Ws = water surplus (mm) 

Storm runoff:  

Qstorm = Re x PF..... (13) 

Where, PF = precipitation factor (%). 

Water Demand 

Two kinds of water needs were considered for 

calculating the water demand. First, water 

demand for irrigation in the Krueng Jreue Sub-

watershed for the period of 2008-2017, it was 

projected based on the area of irrigated land 

according to irrigation water needs calculated 

as follows. 

𝐷𝑅 =
𝑁𝐹𝑅

𝑒 ×8.64
 ……(14) 

Where, DR = diversion requirement (l s
-1

ha
-1

); 

NFR = net water requirement in paddy field (l 

s
-1

ha
-1

); e = irrigation efficiency; 1/8.64 = 

conversion value from (mm day
-1

) to (l s
-1 

ha
-

1
). 

Second, the water demand for households in 

the Krueng Jreue Sub-watershed for the period 

of 2008-2017, it was calculated using the 

assumption of population growth (1.4%      

year
-1

) and the standard water demand per 

capita (0.06 m
3
day

-1
).  

RESULTS AND DISCUSSION 

Discharges Originated Using Mock Model: 

Monthly discharges are fluctuating, depending 

on the amount of rainfall (Figure 2) as the 

main input of the Mock model. Table 2 shows 

the discharges of the Krueng Jreue Sub-

watershed originated from Mock Model. The 

higher the rainfall, the higher the water 

discharge generated by the Mock model. The 

average monthly discharge of the Krueng 

Jreue Sub-watershed during the period of 

2008-2017 ranged from 3.16-31.18 m
3
s

-1
. The 

highest monthly average discharges in the 

rainy season (October-March), occurred in 

November (31.18 m
3
s

-1
), and December (28.02 

m
3
s

-1
), while the lowest monthly discharge in 

the dry season (April-September), occurred in 

July (3.16 m
3
s

-1
), and June (3.36 m

3
s

-1
). 

Further analysis provides information that for 

the entire observation year, February, which is 

included in the rainy season, has a very low 

monthly discharge value (1.78 - 3.76 m
3
s

-1
), 

below the average monthly discharge, except 

for 2012 and 2013. 

 
Figure 2. Average of Monthly Rainfall in Sub Krueng Jreue Watershed (2008-2017) 
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Table 2. Discharges of the Krueng Jreue Sub-watershed 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total Avarage 

Jan. 4.39 16.99 3 29.9 17.44 40.59 13.58 24.23 40.18 45.75 236.05 23.61

Feb. 2.75 2.17 2.31 3.06 26.55 19.81 1.78 2.18 3.76 3.31 67.68 6.77

Mar. 15.8 5.14 4.29 15.99 7.97 3.44 2.1 2.35 2.26 6.16 65.5 6.55

Apr. 41.79 14.46 4.97 22.71 32.09 28.46 4.01 27.14 2.41 6.6 184.64 18.46

May 2.69 13.13 15.81 2.76 5.02 28.77 5.82 6.71 2.67 14.84 98.22 9.82

Jun. 6.86 2.42 8.82 2.17 1.73 2.9 2.05 1.92 2.51 2.2 33.58 3.36

Jul. 3.5 2.19 9.17 2.4 2.82 2.18 1.64 2.56 2.89 2.24 31.59 3.16

Aug. 5.65 2.96 8.44 3.81 2.97 2.23 3.43 6 3.11 3.25 41.85 4.19

Sep. 14.47 2.97 43.03 6.65 2.52 2.64 3.79 4.93 2.55 15.9 99.45 9.95

Oct. 5.01 4.25 6.3 16.93 7.41 2.75 19.21 23.3 2.99 3.81 91.96 9.2

Nov. 37.45 38.85 44.32 11.74 30.3 5.84 46.68 39.95 25.19 31.51 311.83 31.18

Dec. 11.31 21.25 44.96 23.34 38.6 45.33 41.9 13.72 10.73 29.04 280.18 28.02

Total 151.67 126.78 195.42 141.47 175.42 184.94 145.99 154.99 101.25 164.61 1,542.54 154.25

Average 12.64 10.57 16.29 11.79 14.62 15.41 12.17 12.92 8.44 13.72 128.55 12.85

Month
 Discharges (m

3
 s

-1
)

Furthermore, in several years (2013, 2014, 

2015, and 2016), March has the discharges 

(2.1-3.44 m
3
s

-1
) below the average monthly 

discharge. Conversely, in the dry season, for 

August 2008 and 2009, the monthly discharge 

was 6.86 m
3
s

-1 
and 8.82 m

3
s

-1
, respectively, 

above the average monthly discharge. This 

shows that the discharge for certain months 

does not follow the dry season and rainy 

season patterns. There are two important 

questions whether this is due to the 

phenomenon of climate change or the Mock 

model being used needs further investigation. 

Many previous researchers use rainfall-runoff 

modelling, such as Tank model (49, 2), 

NRECA model (19, 23), IHACRES (15), 

Sacramento model, Stanford model, Monash 

model (57), ARNO model (53), Artificial 

Neural Network Model (45). The rainfall-

runoff model, known as the Mock model, was 

introduced by Mock (32) based on a long-term 

study of rivers on the island of Java-Indonesia. 

Many Indonesian researchers used the Mock 

model for islands outside Java to analyze 

water availability in a watershed. However, 

this model sets certain values for parameters 

that are specifically related to factors m 

(proportion of surface soil that is not covered 

by vegetation), ISM (initial soil moisture), 

PF (precipitation factor), Rc (flow reduction 

coefficient) and IF (infiltration factor). The 

parameters values vary between watersheds 

due to differences in climate, land use and soil 

types. In this study, the values of 

m, IF, ISM, Rc are 20%, 0.4, 200 mm month
-1

, 

and 0.6, respectively. Maulana et al (29) 

reported the values of m =30 

%, IF =0.75, ISM= 250 mm month
-1

, Rc = 

0.85. Indonesia irrigation planning standard 

recommended values are m = 30 %, ISM 50-

200 mm month
-1

, and IF= 0-1(20).  

Values of ZSP and ZSD 

The values of ZSP and ZSD from 2008 to 

2017 are shown in Table 3. Positive ZSP or 

ZSD values indicate greater than median 

precipitation or discharges, vice versa for 

negative values (54). Generally, drought 

indices are normal. The ZSP indices 

categorized as severe drought are found in 

June 2011 and August 2013. The ZSD indices 

categorized as extreme wet are found in April 

2008 and November 2014. The ZSP and ZSD 

indices in the dry season (April–September) 

tend to be negative, indicating that rainfall or 

discharge is under the average indices, vice 

versa for the rainy season (October – March). 

Generally, the ZSP and ZSD values are 

consistent from 2008 to 2017. It is also proved 

by the coefficient determination or R
2
 (0.77), 

as shown in Figure 3. It indicates that the 

rainfall as the main input to the Mock model 

resulted in a reasonable discharge. However, 

some cases, for example, in April 2008 and 

September 2010, were inconsistent due to the 

opposite index values and the difference in 

drought classes between ZSP and ZSD (Table 

3). This study indicates that the ZSP and ZSD 

methods can be used to determine the 

reliability of a rainfall-runoff model, such as 

the Mock model. Logically, it can be said that 
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the rainfall input determines the number of 

discharges generated by the model used. In 

this study, some rainfall events and discharges 

are rather illogical so it requires further 

investigation, for example for April 2008, the 

ZSP = -0.44 (Normal) and ZSD = 2.5 

(Extreme Wet), likewise November 2010, the 

ZSP = 0.92 (Normal) and ZSD = 2.33 

(Extreme wet), May 2016, the ZSP = 2.26 

(Extreme Wet) and ZSD = -0.75 (Normal), and 

March 2017, the ZSP = 4.34 (Extreme wet) 

and ZSD = -0.50 (Normal). Several 

researchers explained that it is related to 

inconsistencies such as in Rajasthan Province 

in India. The negative SPI anomaly does not 

always match the drought in the province. 

Conversely, drought can occur in a 

hydrological environment even though SPI is 

positive (4). SPI correlates well with 

fluctuations in shallow groundwater levels in 

irrigated areas in Australia (22). A comparison 

of drought severity indices in Turkey, the Z-

Score is an index that is easy to compute and 

the response is similar to the complex SPI, but 

slightly less consistent (14). Simple methods 

such as SPI with the help of geoinformatics 

can be used as the basis for a drought 

monitoring system over an area of the Island 

of Crete (54). This is a challenge for other 

researchers to explain whether this is affected 

by watershed conditions, in particular land 

cover, or the model used needs to be further 

evaluated. Changes in land use in the upper 

watershed of Komering Indonesia to 

plantations to reduce infiltration during the 

rainy season. The reduced infiltration 

decreases soil water storage and vice versa for 

surface flow (13). Regarding the rainfall-

runoff model, some efforts can increase the 

model reasonability, especially the tank model, 

by considering soil types, land use types, 

rainfall, and actual discharges (2). 

Table 3. Values of ZSP and ZSD 
Year

Month ZSP Citeria ZSD Criteria ZSP Citeria ZSD Criteria ZSP Citeria ZSD Criteria ZSP Citeria ZSD Criteria ZSP Citeria ZSD Criteria

Jan. -0.33 N -0.63 N 0.24 N 0.31 N -0.44 N -0.73 N 0.32 N 1.26 VW 0.49 N 0.34 N

Feb. -0.91 N -0.75 N -0.20 N -0.79 N -1.10 MD -0.78 N -0.71 N -0.73 N -0.73 N 1.02 MW

Mar. 0.16 N 0.22 N -0.49 N -0.57 N -0.49 N -0.63 N 0.27 N 0.23 N -0.34 N -0.36 N

Apr. -0.44 N 2.15 EW -0.70 N 0.12 N 0.18 N -0.58 N 0.07 N 0.73 N -0.30 N 1.43 MW

 May. -0.89 N -0.75 N -0.77 N 0.02 N 0.03 N 0.22 N -0.85 N -0.75 N -0.37 N -0.58 N

 Jun. -0.78 N -0.44 N -1.21 MD -0.77 N -0.40 N -0.30 N -1.28 MD -0.79 N -1.26 MD -0.82 N

 Jul. -1.15 MD -0.69 N -1.36 MD -0.79 N -0.64 N -0.27 N -0.84 N -0.77 N -0.98 N -0.74 N

Aug. -0.99 N -0.53 N -0.37 N -0.73 N -0.82 N -0.33 N -0.83 N -0.67 N -1.04 MD -0.73 N

Sep. -0.70 N 0.12 N -0.80 N -0.73 N -0.68 N 2.24 EW -0.51 N -0.46 N -0.79 N -0.77 N

Oct. -0.58 N -0.58 N -0.80 N -0.64 N -0.50 N -0.49 N -0.56 N 0.30 N -0.37 N -0.40 N

Nov. 0.46 N 1.82 VW -0.07 N 1.93 VW 0.92 N 2.33 EW -0.02 N -0.08 N 1.30 MW 1.29 MW

Dec. 0.29 N -0.11 N 0.92 N 0.62 N 0.43 N 2.38 EW 0.11 N 0.78 N 0.01 N 1.91 MW

Year

Month ZSP Citeria ZSD Criteria ZSP Citeria ZSD Criteria ZSP Citeria ZSD Criteria ZSP Citeria ZSD Criteria ZSP Citeria ZSD Criteria

Jan. 1.15 MW 2.06 EW -0.85 N 0.05 N 0.62 N 0.84 N 1.91 VW 2.03 EW 2.02 EW 2.44 EW

Feb. -0.17 N 0.52 N -0.90 N -0.82 N -0.93 N -0.79 N -0.39 N -0.67 N 0.78 N -0.71 N

Mar. -0.07 N -0.70 N -0.94 N -0.80 N -0.58 N -0.78 N -0.98 N -0.79 N 4.34 EW -0.50 N

Apr. -0.20 N 1.16 MW -0.20 N -0.66 N 1.18 MW 1.06 MW 1.46 MW -0.77 N 2.47 EW -0.46 N

 May. 0.44 N 1.18 MW -0.21 N -0.52 N 0.68 N -0.46 N 2.26 EW -0.75 N 1.24 MW 0.15 N

 Jun. -0.39 N -0.74 N -0.83 N -0.80 N 0.09 N -0.81 N 1.24 MW -0.77 N -0.56 N -0.79 N

 Jul. -0.94 N -0.79 N -1.19 SD -0.83 N -0.44 N -0.76 N -0.22 N -0.74 N -1.36 MD -0.79 N

Aug. -1.13 MD -0.79 N -0.97 N -0.70 N -0.26 N -0.51 N 0.77 N -0.72 N 0.53 N -0.71 N

Sep. -0.07 N -0.76 N -0.25 N -0.67 N -0.54 N -0.59 N -0.34 N -0.76 N 0.83 N 0.23 N

Oct. -0.82 N -0.75 N 0.70 N 0.47 N 1.43 MW 0.77 N 0.15 N -0.73 N 0.92 N -0.67 N

Nov. -0.05 N -0.52 N 1.50 VW 2.51 EW 2.13 EW 2.01 EW 1.24 MW 0.91 N 1.59 VW 1.38 MW

Dec. 0.71 N 2.41 EW 1.86 VW 2.15 EW 1.41 VW 0.06 N 2.21 EW -0.16 N 1.15 MW 1.20 MW

2013 2014 2015 2016 2017

2008 2009 2010 2011 2012
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Figure 3. Relationship between rainfall and discharges for the period of 2008-2017 

Water Availability 

Surplus and water deficits in the Krueng Jreue 

Sub-watershed were calculated by the 

difference between water availability 

(discharges) and water demand (water 

irrigation + water for households). A positive 

difference indicates a surplus, and vice versa 

(Figure 4). Generally, it is shown in the rainy 

season (October – March), the water 

availability is surplus, and vice versa for the 

dry season (April – September). However, 

water deficit also occurs in both the rainy and 

dry season. Conversely, water surplus is found 

in the rainy and dry seasons. This finding 

shows uncertainty in the rainy and dry season. 

This is likely related to climate change that 

occurred around the world, including in this 

area. The water surplus and deficit in the 

Krueng Jreue Sub-watershed are also related to 

the farming system. The Krueng Jreue Sub-

watershed has two rice growing seasons: the 

rendeng planting season (October-February) in 

the rainy season and the gadu planting season 

(May-September) in the drought season. There 

is a two-month bera period (March-April) 

when farmers rest and provide opportunities 

for the land to recover. Usually, for the 

rendeng planting season, the water availability 

can meet the irrigation and household needs, 

vice versa for the gadu planting season. 

However, in the last ten years, the water 

availability could not meet the irrigation and 

household needs for certain months. The 

monthly average of water needs for irrigation 

and household are 5 m
3
 s

-1
 and 0.041 m

3
 s

-1
, 

respectively (6,7). With total water needs of 

5.041 m
3
 s

-1
 per month, the average of water 

availability (Table 2 and Figure 4) in June 

(3.36 m
3
 s

-1
), July (3.16 m

3
 s

-1
) and August 

(4.19 m
3
 s

-1
) were unable to meet the water 

needs. A more detailed evaluation related to 

water availability for each year was conducted. 

In 2009, there are five consecutive months 

(June, July, August, and September) with 

water availability smaller than 3 m
3
 s

-1
. 

Hydrological drought causing inadequate 

water for irrigation and households can occur 

every year, especially in the dry season. 

Various technical and non-technical 

hydrological drought mitigation efforts, as part 

of a sustainable watershed management 

system can be implemented to mitigate 

hydrological drought (1). The technical 

method, including maintaining the function of 

the irrigation network (58), building water 

trap, terraces, and water retention pond (42), 

maintaining conservation areas, especially the 

upstream as a natural reservoir to increase 

infiltration into the soil (31), and reforestation 

in the upper catchment area by planting trees 

to increase spring water discharge and the 

water availability (8), can be conducted in the 

Krueng Jreue Sub-watershed. The non-

technical method can be done by enforcing 

some available regulations to prevent the 

forest to non-forest land conversion (44), 

conducting soil and water conservation (55), 

river development and river water damage 

(40), as well as monitoring and evaluating 

watershed management (39, 41). 
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Figure 4. Surplus (+sign) and deficit (-sign) of water in Krueng Jrueu Sub Watershed 

CONCLUSIONS 

The results showed the ZSP and ZSD indices 

from 2008 to 2017 were almost categorized as 

normal. The coefficient determination (R
2
) 

between rainfall and discharges was 0.77. In 

general, the ZSP and ZSD indices are 

consistent, but for certain months (April 2008, 

November 2010, and March 2017) 

inconsistencies were found due to differences 

in signs and index classes. The Mock model 

parameters for the proportion of land surface 

soil uncovered by vegetation (m), infiltration 

factor (IF), initial soil moisture (ISM), and 

flow reduction coefficient (Rc) were 20 %, 

0.4, 200 mm month
-1

, and 0.6, respectively. 

The average monthly discharge during the 

period of 2008-2017 ranged from 3.16-31.18 

m
3
s

-1
. The total water needs of 5.041 m

3
 s

-1
 per 

month. The water availability per month was 

surplus in the rainy season (October-April), 

but deficit in the dry season (May-September).  

The average water availability for certain 

months, such as June (3.36 m
3
 s

-1
), July (3.16 

m
3
 s

-1
), and August (4.19 m

3
 s

-1
) were unable 

to meet the needs. Especially in 2009, the 

water availability in four consecutive months 

(June, July, August, September) was less than 

3 m
3
 s

-1
. The finding suggests that the ZSP and 

ZSD can be used to analyze the drought 

indices in a watershed. Some Mock model 

parameters have to be adjusted when 

implemented in another watershed. 
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