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Abstract 
 

The problem of the water availability has become a global issue so that it needs a tool 

for water management such as the Soil and Water Assessment Tool (SWAT). This study 

aims to measure how far the uses and developments of the SWAT model in the Krueng 

Aceh watershed. This paper reviewed applications of SWAT Model in Krueng Aceh 

Watershed. The developments data were obtained from five publications. This study 

has limitations in assessing the performance of the SWAT developed in the Krueng Aceh 

watershed/sub-watershed because not all publications report on the calibration or 

validation process. From the search results, there is one modeling application that 

performs the calibration process with statistical parameters on a daily scale and the other 

three papers on monthly data. The availability of observation data has not had a long 

time series makes researchers face limitations in improving the model performances.  
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Abstrak 
 

Masalah ketersediaan air telah menjadi isu global sehingga diperlukan suatu alat untuk 

pengelolaan air seperti Soil and Water Assessment Tool (SWAT). Penelitian ini bertujuan 

untuk mengukur sejauh mana pemanfaatan dan perkembangan model SWAT di DAS 

Krueng Aceh. Artikel ini mengulas penerapan Model SWAT di DAS Krueng Aceh. Data 

perkembangan diperoleh dari lima publikasi mengenai Model SWAT. Kajian ini 

memiliki keterbatasan dalam menilai kinerja SWAT yang dikembangkan di DAS/sub-

DAS Krueng Aceh karena tidak semua publikasi melaporkan proses kalibrasi atau 

validasi. Dari hasil pencarian, terdapat satu aplikasi pemodelan yang melakukan proses 

kalibrasi dengan parameter statistik pada skala harian dan tiga aplikasi lainnya pada 

data bulanan. Ketersediaan data lapangan yang belum memiliki data time series yang 

panjang membuat peneliti menghadapi keterbatasan dalam meningkatkan perfoma 

model. 

 

Kata Kunci: SWAT, Model Hidrologi, Air, Tanah 

 

 

mailto:faisi.ikhwali@ar-raniry.ac.id
mailto:nanda.savira@unimal.ac.i2
mailto:alfkc3@gmail.com
mailto:wisnuprayogo@unimed.ac.id
mailto:wesli@unimal.ac.id
http://dx.doi.org/10.29103/tj.v12i1.703


Teras Jurnal, Vol 12, No 1, Maret 2022  P-ISSN 2088-0561 

  E-ISSN 2502-1680 

 

 

 

Development Of Soil & Water Assessment Tool Application in Krueng Aceh Watershed 

Review - M. Faisi Ikhwali, Nanda Savira Ersa, Alfin Khairi, Wisnu Prayogo, Wesli 

192 

 

 

 

1. Introduction 

The problem of the need and availability of clean water has become a global 

issue because it is related to the livelihoods of people in various parts of the world. 

Various approaches and scientific disciplines try to solve problems related to the 

need and availability of water resources. The application and development of 

hydrological modeling is very rapid to assist in solving water problems in a 

watershed. Proper watershed management will maintain a balance of water demand 

and availability at the watershed scale. The main reason of utilization of 

hydrological modeling is accessible and easily used to solve water related problems 

from large social problems as well as it can be interfaced with the help of GIS (Sui 

and Maggio, 1999). Hydrological models embedded in modeling systems can 

represent various environmental processes at various time and space scales 

(Wagener et al., 2001). The SWAT model is a model that can simulate 

environmental processes that exist in a watershed. This model is based on complex 

physics and is designed to test and predict the circulation of water and sediment in 

a basin (Devia et al., 2015). Each basin is divided into several sub-basins based on 

land use type and soil type into Hydrologic response units (HRUs) (Zheng et al., 

2010). HRUs are defined in SWAT as a cluster result from the uniqueness of soil 

type, soil cover, and slope class  (White et al., 2011). 

The development of a hydrological model (SWAT Model) in Krueng Aceh 

watershed is the right step to manage water resources and avoid potential damage 

in the watershed. The Krueng Aceh watershed is administratively located in Aceh, 

exactly Banda Aceh City and Aceh Besar District. The city of Banda Aceh is the 

central areas and the administration center of the Aceh Province. Banda Aceh in 

particular is the area with the highest population density in Aceh Province, with a 

population density of 43 people/ha in 2020 (BPS, 2021). In addition, the net 

migration rate for Banda Aceh City is increasing recently. The Krueng Aceh River 

is the main water source for the cities of Banda Aceh and Aceh Besar. Population 

growth in the central area of the provincial government will certainly affect the 

conditions in the watershed. Therefore, this study aims to measure the extent to 

which the SWAT model is used in the Krueng Aceh watershed. SWAT Model is a 

hydrological model that is classified as semi-distribution and is currently widely 

used in various parts of the world. 

 

2. Research Methodology 

This paper is a review study on the uses and developments of the hydrological 

modeling in Kreung Aceh watershed. In this case, the model being reviewed is the 

semi-distribution model; the Soil and Water Assessment Tool (SWAT). This study 

reviewed five published reports using the SWAT Model in the Krueng Aceh 

Watershed area. Review publications are publications that have passed peer-review 

and are published online. The data search was carried out from January 1 to January 

7, 2022. 

 

2.1 Location of Study Area 

The Krueng Aceh watershed is located in the province of Aceh, Indonesia and 

is located in four districts including the districts of Banda Aceh, Aceh Besar, Pidie, 
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and Aceh Jaya (as shown in Figure 1). The watershed area for each district/city 

consists of 190601.05 ha (96.31%) located within the district of Aceh Besar, an area 

of 6279.10 ha (3.17%) within the city of Banda Aceh, an area of 788.60 ha (0.40%) 

located within the district of Pidie and an area of 234.88 ha (0.12%) within Aceh 

Jaya District. Geographically, the Krueng Aceh watershed is located at 5˚03' 41”– 

5˚38' 10” North Latitude and 95˚11' 41”–95˚49'46” East Longitude (Satriyo et al., 

2018). The Krueng Aceh watershed has 7 (seven) sub-watersheds spread across the 

city of Banda Aceh and Aceh Besar district, the Krueng Aceh Hilir sub-watershed, 

the Krueng Jreue sub-watershed, the Keumireu sub-watershed, the Krueng Inong 

sub-watershed, the Seulimum sub-watershed, the Krueng Khea sub-watershed and 

the Krueng Aneuk sub-watershed. The water flows into the main river, namely the 

Krueng Aceh river, this river is a large river that divides the two Banda Aceh cities. 

 

 
Figure 1 Study Area (Krueng Aceh Watershed) 

 

2.2 SWAT Model Concept 

The Soil and Water Assessment Tool (SWAT) is an effective and 

sophisticated tool for simulating various cycles of water and land problems both 

quality and quantity (Gassman et al., 2014; Jayakrishnan et al., 2005) however the 

concept of water balance is the driving force behind everything that happens in the 

watershed. The hydrological cycle as simulated by SWAT is based on the water 

balance equation (Neitsch et al., 2011) : 

 

𝑆𝑊𝑡 = 𝑆𝑊0 + ∑ (𝑅𝑑𝑎𝑦 − 𝑄𝑠𝑢𝑟𝑓 − 𝐸𝑎 − 𝑤𝑠𝑒𝑒𝑝 − 𝑄𝑔𝑤
𝑡
𝑖=1 )  (1) 

 

where SWt is the final soil water content (mm H2O), SW0 is the initial soil water 

content on day i (mm H2O), t is the time (days), Rday is the amount of precipitation 

on day i (mm H2O), Qsurf is the amount of surface runoff on day i (mm H2O), Ea is 

the amount of evapotranspiration on day i (mm H2O), wseep is the amount of water 

entering the vadose zone from the soil profile on day i (mm H2O), and Qgw is the 

amount of return flow on day i (mm H2O). 
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Before using the SWAT Model for the main purposes of its development, it 

is necessary to carry out a statistical analysis of its reliability. The statistics most 

often used to assess a SWAT model are the coefficient of determination (R2) in 

Equation 2 and Nash-Sutcliffe Efficiency (NSE) in Equation 3. In general, that 

model performance can be judged “satisfactory” for watershed-scale models daily, 

monthly, or annual R2 > 0.60, NSE > 0.50, and PBIAS ≤ ±15% (Moriasi et al., 

2007). 

𝑹𝟐 = [
∑ (𝑶𝒊−�̅�)(𝑷𝒊−�̅�)𝒏

𝒊=𝟏

√∑ (𝑶𝒊−�̅�)𝟐𝒏
𝒊=𝟏   √∑ (𝑷𝒊−�̅�)𝟐𝒏

𝒊=𝟏

]       𝟎 ≤ 𝑹𝟐 ≤ 𝟏 (2)   

𝑵𝑺𝑬 =
∑ (𝑶𝒊−�̅�)𝟐−∑ (𝑷𝒊−𝑶𝒊)𝟐𝒏

𝒊=𝟏
𝒏
𝒊=𝟏

∑ (𝑶𝒊−�̅�)𝟐𝒏
𝒊=𝟏

   (3)  

Where:  

Pi  : Measured data (m3 ⁄sec);  

Oi : Simulated data (m3 ⁄ sec);  

P̅  : Measured mean data (m3 ⁄sec); and  

O̅  : Simulated mean data (m3 ⁄sec) 

 

3. Discussion 

3.1 SWAT Model Application 

The SWAT Model is a powerful tools to simulate and analyze components of 

water resources such as leaf area index (LAI), river discharge, surface runoff, lateral 

runoff, groundwater, total runoff, evapotranspiration, and ground water based on 

water balance (Zhang et al., 2020). The SWAT model can simulate runoff and soil 

erosion to a good degree of accuracy (Tibebe and Bewket, 2011). In addition, the 

SWAT model can estimate groundwater recharge at high spatial and temporal 

resolution (Awan and Ismaeel, 2014). 

The ability of SWAT to simulate almost all storage of water resources in a 

watershed scale makes this model a popular choice in Indonesia in analyzing 

various needs such as climate change analysis (Barkey et al., 2019), landuse change 

analysis (Astuti et al., 2015; Definnas et al., 2020; Hermawan et al., 2019; Junaidi 

and Indrajaya, 2018; Marhaento et al., 2019; Mubarok et al., 2015; Nur and Noor, 

2021; Nurdin et al., 2019; Nursaputra et al., 2021; Wiyono Wit Saputra et al., 2020; 

Yamamoto et al., 2020; Yuliana et al., 2019), erosion analysis (Bakhtiar, 2018; 

Dhoke et al., 2020; Ramadhan and Supriatna, 2019; Syahdiba and Kusumandari, 

2021; Widyasa et al., 2020), as well as other needs. 

In general, the method of utilizing the SWAT Model is divided into 3 stages; 

the data preparation stage, the model running stage, and the calibration and 

validation stage. The data preparation stage is the first step that must be taken by a 

modeller, such as inputting data such as DEM (Digital Elevation Model), weather, 

soil type, and land use and others. The next stage is the running model stage with 

the data that has been input based on the data taken from the study area. After the 

hydrological model is built, then it is followed by a calibration and validation 

process with data from observations in the field. The calibration process can be 
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carried out using two methods, namely the manual method by trial and error and 

the automatic method using the help of other applications such as SWAT-CUP. 

Both calibration methods can be carried out in one SWAT application to get 

satisfactory results. 

 

3.2 Input Data of SWAT Model 

The SWAT model is now widely used for various purposes of water resource 

management and development planning at the watershed scale. To run the SWAT 

Model, several main data are needed, such as DEM (Digital Elevation Model), 

weather, soil type, land use, and the others. The availability of good data will 

improve the performance of the SWAT Model. This makes it easier for SWAT 

Model users in the process of model calibration and validation.  

DEM data in running SWAT Model aims to delineate watershed boundaries 

and is used to determine slope. The quality of the resolution of the DEM will affect 

the creation of the watershed, river network, and also the determination of the 

classification of the sub-basin (Chaubey et al., 2005). Weather data is obtained from 

the results of measurements in the field, including rainfall, temperature, solar 

radiation, and so on. In addition, land use conditions and soil types in the watershed 

greatly affect the results and processes of running the SWAT Model (Romanowicz 

et al., 2005). 

 

3.2.1 Climatic Conditions 

The climatic conditions of the Krueng Aceh watershed are included in the 

SWAT Model data input to show the humidity and energy conditions that will 

control the water balance. Climatological data or parameters were entered into the 

model, such rainfall, temperature, solar radiation, wind speed and relative humidity. 

Figure 2 shows the distribution of rainfall stations located in the Krueng Aceh 

watershed. There are five rainfall stations and three stations for climatological data 

observation, consisting of the Aceh Besar Climatology Station, the Aceh Besar 

Geophysical Station, and the Sultan Iskandar Muda Meteorological Station. 

Krueng Aceh Watershed, which is in Aceh Province, has a tropical climate 

with its characteristics having a fairly high rainfall. Annual rainfall recorded at the 

Sultan Iskandar Muda Meteorological Station is 2833.8 mm and at the Aceh Besar 

Climatology Station approximately 1835.9 mm (BPS, 2021). The difference in the 

measured rainfall is also influenced by the location of the observation station. 

Higher topography tends to have higher rainfall. 

The average monthly rainfall in the Krueng Aceh watershed is included in the 

moderate rainfall category (153-236 mm) with the highest rainfall in November and 

the lowest in January. BMKG Indonesia divides monthly rainfall into four 

categories, low (0-100 mm/month), medium (100-300 mm/month), high (300-500 

mm/month) and very high (> 500 mm/month). The average temperature of the 

region ranges from 25.3-27.9 oC with the lowest temperature being 22.0 oC and the 

highest being 35.6 oC. Other climate data measured include an average wind speed 

of 3.6 knots, air pressure of 1012.4 knots, an average humidity of 74.9-88.1 with 

the highest humidity being 98.3% and the lowest being 54.2% (BPS, 2021). 
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Figure 2 Rainfall station distribution in Krueng Aceh Watershed 

   

3.2.2 Landuse Condition  

The Figure 3 shows that the land use in Krueng Aceh watershed is very 

diverse. Protection forest, production forest and conversion production forest 

occupy the most extensive land use, reaching 93,230 hectares, followed by wet and 

dry land agriculture. The settlement occupies a fairly large land use, reaching 

12,840 hectares.  

In Krueng Aceh watershed there are many nature reserves that are opened as 

tourist attractions for the surrounding community, sorted from the most extensive, 

namely the Jantho Pine Nature Reserve, Tahura Pocut Meurah Intan, Kuta Malacca 

Nature Park. Furthermore, there is land use for mangroves, shrubs, ponds, water 

bodies and swamps. This area also includes an airport and port covering an area of 

127 hectares and a built area for defense and security of 54.22 hectares. The 

cemetery and other open land area of 203.8 hectares. In this area there is also a 

cultural heritage with an area of 15.47 hectares. 

 
Figure 3 Land use mapping in Krueng Aceh Watershed 

 

Land use condition is important for the SWAT model for many purposes. 

Land use change affected the streamflow at the watershed outlet. Even tough 

protection forest and conversion production forest are the largest land use in 
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watershed Krueng Aceh, but the conversion of native vegetation could change the 

streamflow outlet of watershed (Bressiani et al., 2015).  

 

3.2.3 Soil Texture 

Figure 4 shows the distribution soil textures of Krueng Aceh watershed. 

Based on USDA textural classes, soil texture in Krueng Aceh watershed dominated 

by clay-loam, 94,898.80 Ha. Other texture, from the largest is loam, clay, sandy-

clay-loam. Clay-Loam and sandy-clay-loam has percentage of sand, silt and clay 

content divided proportionally. It has a moderately fine texture. Loam is dominated 

with silt which has a medium texture. Clay has a finer texture. The soil textures 

represent the water infiltration, so does the permeability properties and plasticity. 

The finer the soil particle the lowest of properties mentioned before. Soil texture 

affects the infiltration, the retention and nutrient movement in soil layer, besides 

the soil characteristics have the greatest effect on runoff during precipitation events 

(Whitford and Duval, 2020). 

Krueng Aceh Watershed has typical tropical soil which is potential for 

agricultural activities. Land use for agriculture in Watershed Krueng Aceh is second 

largest, about 57,000 Hectare.  

 

3.2.4 Discharge Observation 

River discharge data is very important in the development of hydrological 

models in the watershed. River water discharge data will be used for the calibration 

and validation model. Distribution of discharge observation points are shown in 

Figure 5. There are 3 sampling points along the Krueng Aceh river. Discharge 

generated from the Krueng Aceh watershed was measured using the AWLR tool. 

The debit of river data from field observations is also one of the most important 

hydrological data in the planning and design of water resources. 

 
Figure 4 Soil texture distribution of Krueng Aceh Watershed 

 

The maximum discharge value of Krueng Aceh River during the period 1994-

2014 were 76.60 m3/sec in October, and minimum discharge were 1.35 m3/sec in 

July. The amount of water availability of surface water in Krueng Aceh watershed 

in 2014 were 700,193,659 m3 (Muis et al., 2017). Krueng Aceh watershed has been 

affected by climate change and proven by the decreasing of water discharge in this 
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area (Ferijal et al., 2016). A watershed condition could be described by water 

supply-demand scenario. Even tough, Krueng Aceh watershed could be fitted the 

demand at rainy season, but it was lack of supply in dry season (Muis et al., 2017; 

Satriyo et al., 2018). 

 
Figure 5 Distribution of discharge observation points 

 

3.3 Overview of SWAT applications in Krueng Aceh  

The use of the SWAT Model in the Krueng Aceh watershed has been applied 

several times by several researchers for various purposes (as tabulated in Table 1). 

Data on the uses of the SWAT Model in the area was obtained from the results of a 

search for publications including peer-reviewed journal articles and conference 

proceeding papers written in Indonesian and English. There are five publications 

that have used the SWAT Model in the Krueng Aceh watershed from 2010 to 2016. 

 

Table 1 SWAT Applications in Krueng Aceh Watershed 

Title 
Watershed 

Name 
Area (Ha) Size Uses 

DEM 

Source 

DEM 

Resolution 

Landuse Change Analysis in Relation 

to Hydrological Characteristic of 

Krueng Aceh Watershed (Nasrullah 

and Kartiwa, 2010) 

Krueng 

Aceh 

Watershed 

149440 Medium 
Land use 

change 

Not 

reported 
12.5 

Predicting Runoff and Erosion Rate 

from Krueng Jreu Sub watershed 

Using SWAT Model (Ferijal, 2012) 

Krueng 

Jreu Sub 

watershed 

22726.03 Small 
Erosion 

and runoff 
SRTM 

Not 

reported 

SWAT Model Application To 

Simulate Discharge From Krueng 

Meulesong Sub Watershed Using The 

Actual And Predicted Climatological 

Data (T. Ferijal, 2013) 

Krueng 

Meulesong 

Sub 

Watershed 

401.83 
Very 

Small 

Simulating 

Streamflow 

CGIAR-

CSI 
90 

Keliling Reservoir Catchment Area 

Modeling Using SWAT Model 

(Ferijal et al., 2015) 

Waduk 

Keliling 

Cathment 

Area 

3820 
Very 

Small 

SWAT 

Application 

CGIAR-

CSI 
90 
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Modeling hydrologic response to land 

use and climate change in the Krueng 

Jreu sub watershed of Aceh Besar 

(Ferijal et al., 2016) 

Krueng 

Jreu sub 

watershed 

1736.51 
Very 

Small 

Climate 

and 

Landuse 

Change 

SRTM 90 

 

The application of SWAT is applied throughout the Krueng Aceh watershed 

and in several parts of Krueng Aceh sub-watersheds. The Krueng Jreu sub-basin 

has been applied to the SWAT Model twice with different purposes. In 2012, the 

SWAT application in the Krueng Jreu Sub-district was developed to predict runoff 

and erosion that occurs in the sub-watershed, while in 2016 SWAT Model was used 

to assess the hydrological response to land use and climate change. Meanwhile, the 

other three applications were used to model Waduk Keliling Cathment Area (2015), 

Simulation of water discharge in the Meulesong sub-watershed (2013), and analyze 

the relations of land change and hydrological characteristics in the entire Krueng 

Aceh watershed.  

The sizes of each sub-watershed that has been applied SWAT model are 3820 

Ha (Keliling Reservoir Catchment), 1736.51 - 22726.03 Ha (Krueng Jreu), and 

401.83 Ha (Krueng Meulesong). Meanwhile, the total area of the Krueng Aceh 

watershed is 149440 hectares. The size of a watershed greatly affects the process of 

running the SWAT Model. The size of the watershed allows for greater uncertainty 

in the SWAT simulation as the size of the watershed increases (Thampi et al., 2010). 

The bigger a watershed the longer the time it takes to run. The size of a watershed 

application area also affects computer specification requirements.  

Another parameter that significantly affects the performance of the SWAT 

model is Digital Elevation Model (DEM). High resolution availability of DEM is 

still rare for the Krueng Aceh watershed area. Of five publications that have been 

carried out, there are 4 studies using DEM with a resolution of 90 meters and a 

study using a resolution of 12.5 meters. 

The use of the SWAT model in the Krueng Aceh watershed is only for 

watersheds/sub watersheds on the medium, small and very small watershed size. 

According to the Regulation of the Director General of Watershed Management 

and Social Forestry Directorate General (General BPDAS and Social Forestry 

Directorate, 2013), watersheds are classified into 5 groups based on watershed area; 

Very Large (1500000 Ha and above), Large (500000 - 1500000 Ha), Medium 

(100000 - 500000), Small (10000 - 100000) and Very Small (Less than 10000). 

Based on the following table, the most use of SWAT in a very small watershed 

cluster is three times.  

 

3.4 Performance of SWAT Applications in Aceh Krueng Watershed 

However, this study has limitations in assessing the performance of the 

SWAT developed in the Krueng Aceh watershed/sub-watershed due to not all 

publications report on the calibration or validation process. Table 2 shows the 

performance of the SWAT model in the Krueng Aceh watershed/sub-watershed. 

From the search results, there is one modeling application that performs the 

calibration process with statistical parameters NSE and R2 on a daily scale. The 

other three papers carry out the calibration process using monthly data. 
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Tabel 2 SWAT Model performances in Krueng Aceh Watershed 

Year 
Watershed / 

 Sub-watershed 

Monthly Daily 

Calibration Validation Calibration Validation 

NSE R2 NSE R2 NSE R2 NSE R2 

2010 Krueng Aceh watershed NP 

2012 Krueng Jreu Sub watershed  0.71 0.77 NP NP NP NP NP NP 

2013 
Krueng Meulesong Sub 

watershed 
NP NP NP NP 0.37 0.67 NP NP 

2015 Waduk Keliling Catchment 0.95 NP NP NP 0.55 NP NP NP 

2016 Krueng Jreu sub watershed  
0.65-

0.72 

0.58 - 

0.72 
NP NP NP NP NP NP 

*NP: Not Reported  

 

The availability of climate observation data and river discharge in the Kreung 

Aceh watershed area which has not had time series with a long period makes 

researchers or modelers have limitations in improving the performance of the 

SWAT model during the calibration and validation processes. The reliability of a 

hydrological model depends on how well the model is calibrated. Therefore, the 

calibration procedure must be carried out carefully to maximize the reliability of 

the model (Sorooshian and Yapo, 1999). 

 

3.5 Future Direction of SWAT Application in Krueng Aceh Watershed   

Research on hydrological modeling in the Krueng Aceh sub- or watershed is 

still relatively rare. The first research on the SWAT Model was conducted in 2010 

throughout the Krueng Aceh watershed. Krueng Aceh watershed is a watershed in 

the capital of Aceh province (Banda Aceh) and Aceh Besar district. Proper 

watershed management will ensure the sustainability and balance of the water cycle 

in it, thereby reducing the potential for floods and droughts event. The development 

and increase of research on hydrological modeling throughout the Krueng Aceh 

watershed/sub-watershed will make a major contribution to the proper management 

of water resources within the watershed. Hydrological modeling with good 

simulation performance will provide convenience in finding solutions to watershed 

problems that are being experienced. 

Hydrological modeling applications require good quality and large number of 

input data to provide satisfactory simulation results. The current condition of data 

availability is still far from satisfactory, making it difficult for modelers to develop 

hydrological models. Therefore, in the future, the government needs to improve 

monitoring infrastructure or measuring data in the field, such as discharge 

measuring devices, rainfall gauges and other climate data measuring tools. The 

availability of time series data will widen opportunities for other researchers to 

apply hydrological modeling in the Kreung Aceh Watershed area. In addition, the 

provision of high-resolution DEM data will also attract other research enthusiasts 

to improve modeling performance.  

When viewed from the modeling objectives that have been used, the 

application of SWAT modeling only revolves around the analysis of land use 

changes, climate change, simulation of river water discharge. In the future, the 

direction of using other objective such as analysis of erosion, sediment, irrigation 
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water needs, domestic, industrial and for other needs will follow availability of field 

data. To analyze the segment for other uses, researchers also need to open 

opportunities in finding auxiliary models to be coupled with the SWAT Model. 

 

4. Summary and Recommendations 

4.1 Summary 

Based on the purpose of this review study to see how far the development and 

uses of the SWAT Model in the Krueng Aceh watershed, there have been five 

publications of utilizing SWAT applications based on reports that have been 

published in the journal. The uses of the SWAT Model have been used for various 

purposes such as effect analysis of land use, climate change, combination of land 

and climate change, simulation of river discharge, as well as analysis of erosion and 

runoff. The condition of the availability of observation data on climate and river 

discharge in the Kreung Aceh watershed area which has not had a time series with 

a long period makes researchers or modelers have limitations in improving the 

performance of the model. In the future, the application of SWAT in the Krueng 

Aceh watershed/sub-watershed will provide prospects for the development of more 

advanced hydrological models. SWAT Model is a semi-distribution hydrological 

modelling tool that is still free so that it will be easy for researchers to glance at. 

 

4.2 Recommendations 

As we know in the current era, hydrological models have emerged with 

various types in solving water resource problems. In increasing the number of 

hydrological model applications in the Krueng Aceh watershed, the government or 

stakeholders must build infrastructure for observing data for the development of 

hydrological models. 

 

Acknowledgments 

 

We acknowledge support from Water Resources Engineering Team of UIN Ar-

raniry Banda Aceh and Universitas Malikussaleh 

 

 

References 

 

 

Astuti, S.I., Arso, S.P., Wigati, P.A., 2015. Impact of Land Use Change to 

Dependable Flow in Kuncir River, Nganjuk District, East Java. Anal. Standar 

Pelayanan Minimal Pada Instal. Rawat Jalan di RSUD Kota Semarang 3, 103–

111. 

Awan, U.K., Ismaeel, A., 2014. A new technique to map groundwater recharge in 

irrigated areas using a SWAT model under changing climate. J. Hydrol. 519, 

1368–1382. https://doi.org/10.1016/j.jhydrol.2014.08.049 

Bakhtiar, 2018. Erosion index formulation with respect to reservoir life in the upper 

Citarum watershed. MATEC Web Conf. 147, 1–6. 

https://doi.org/10.1051/matecconf/201814703002 



Teras Jurnal, Vol 12, No 1, Maret 2022  P-ISSN 2088-0561 

  E-ISSN 2502-1680 

 

 

 

Development Of Soil & Water Assessment Tool Application in Krueng Aceh Watershed 

Review - M. Faisi Ikhwali, Nanda Savira Ersa, Alfin Khairi, Wisnu Prayogo, Wesli 

202 

 

 

 

Barkey, R.A., Soma, A.S., Nursaputra, M., Mappeasse, M.F., 2019. Modeling of 

Climate Change Impact on Water Availability in Metropolitan Mamminasata, 

Indonesia. IOP Conf. Ser. Earth Environ. Sci. 280. 

https://doi.org/10.1088/1755-1315/280/1/012011 

BPS, 2021. Aceh Province in Figure 2021, in: Aceh Province in Figure 2021. pp. 

1–628. 

Bressiani, D. de A., Gassman, P.W., Fernandes, J.G., Garbossa, L.H.P., Srinivasan, 

R., Bonumá, N.B., Mendiondo, E.M., 2015. A review of soil and water 

assessment tool (SWAT) applications in Brazil: Challenges and prospects. Int. 

J. Agric. Biol. Eng. 8, 1–27. https://doi.org/10.3965/j.ijabe.20150803.1765 

Chaubey, I., Cotter, A.S., Costello, T.A., Soerens, T.S., 2005. Effect of DEM data 

resolution on SWAT output uncertainty. Hydrol. Process. 19, 621–628. 

https://doi.org/10.1002/hyp.5607 

Definnas, A.F., Reyandal, R.F., Syofyan, E.R., -, W.-, 2020. Analysis of The Effect 

of Change in Land Use on the Batang Kuranji River Basin Using Soil and 

Water Assessment Tool (SWAT) Models. J. Ilm. Poli Rekayasa 15, 1. 

https://doi.org/10.30630/jipr.15.2.161 

Devia, G.K., Ganasri, B.P., Dwarakish, G.S., 2015. A Review on Hydrological 

Models. Aquat. Procedia 4, 1001–1007. 

https://doi.org/10.1016/j.aqpro.2015.02.126 

Dhoke, M.E., Kusumandari, A., Senawi, S., 2020. Erosion Level and Soil and 

Water Conservation Engineering Plan in Waewoki Sub Watershed, Aesesa 

Watershed, Ngada Regency, East Nusa Tenggara Province. J. Mns. dan 

Lingkung. 25, 7. https://doi.org/10.22146/jml.23045 

Ferijal, T., 2012. Predicting Runoff and Erosion Rate from Krueng Jreu 

Subwatershed Using SWAT Model. Agrista 16, 29–38. 

Ferijal, T., Bachtiar, M., Jayanti, D.S., Jafaruddin, D., 2016. Modeling Hydrologic 

Response to Land Use and Climate Change in the Krueng Jreu Sub Watershed 

of Aceh Besar. Aceh Int. J. Sci. Technol. 5, 116–125. 

https://doi.org/10.13170/aijst.5.3.5762 

Ferijal, T., Mechram, S., Jayanti, D.S., Satriyo, P., 2015. Keliling Reservoir 

Catchment Area Modeling Using SWAT Model. J. Agritech 35, 121. 

Gassman, P.W., Sadeghi, A.M., Srinivasan, R., 2014. Applications of the SWAT 

Model Special Section: Overview and Insights. J. Environ. Qual. 43, 1–8. 

https://doi.org/10.2134/jeq2013.11.0466 

General BPDAS and Social Forestry Directorate, 2013. Guidelines for Identifying 

Watershed Characteristics. Jakarta 52. 

Hermawan, E., Sitorus, S.R.P., Tarigan, S.D., 2019. Spatial dynamics of land use 

change to hydrological response in the upstream of Ciliwung Watershed , West 

Java Province , Indonesia. Adv. Environ. Sci. - Int. J. Bioflux Soc. 11, 122–

132. 

Jayakrishnan, R., Srinivasan, R., Santhi, C., Arnold, J.G., 2005. Advances in the 

application of the SWAT model for water resources management. Hydrol. 

Process. 19, 749–762. https://doi.org/10.1002/hyp.5624 

Junaidi, E., Indrajaya, Y., 2018. Hydrological Responses of Agroforestry System 

Application which is Not Based on Land Suitability, A Case Study in 



Teras Jurnal, Vol 12, No 1, Maret 2022  P-ISSN 2088-0561 

  E-ISSN 2502-1680 

 

 

 

Development Of Soil & Water Assessment Tool Application in Krueng Aceh Watershed 

Review - M. Faisi Ikhwali, Nanda Savira Ersa, Alfin Khairi, Wisnu Prayogo, Wesli 

203 

 

 

 

Cimuntur Watershed. J. Penelit. Kehutan. Wallacea 6, 157–167. 

Marhaento, H., Booij, M.J., Rientjes, T.H.M., Hoekstra, A.Y., 2019. Sensitivity of 

Streamflow Characteristics to Different Spatial Land-Use Configurations in 

Tropical Catchment. J. Water Resour. Plan. Manag. 145, 04019054. 

https://doi.org/10.1061/(asce)wr.1943-5452.0001122 

Moriasi, D.N., Arnold, J.G., Liew, M.W. Van, Bingner, R.L., Harmel, R.D., Veith, 

T.L., 2007. Model Evaluation Guidelines for Systematic Quantification of 

Accuracy In Watershed Simulations. Am. Soc. Agric. Biol. Eng. 50, 885–900. 

Mubarok, Z., Murtilaksono, K., Wahjunie, D., 2015. Response of Landuse Change 

on Hydrological Characteristics of Way Betung Watershed - Lampung. J. 

Penelit. Kehutan. Wallacea 4, 1–2. 

Muis, B.A., Murtilaksono, K., Jaya, I.N.S., Haridjaja, O., 2017. Analysis of water 

demands for freshwater aquaculture ponds in Krueng Aceh watershed, Aceh 

Province, Indonesia. AACL Bioflux 10, 1119–1126. 

Nasrullah, Kartiwa, B., 2010. Landuse Change Analysis in Relation to Hydrological 

Characteristic of Krueng Aceh Watershed. J. Tanah dan Iklim 31, 81–98. 

Neitsch, S.., Arnold, J.., Kiniry, J.., Williams, J.., 2011. Soil & Water Assessment 

Tool Theoretical Documentation Version 2009. Texas Water Resour. Inst. 1–

647. https://doi.org/10.1016/j.scitotenv.2015.11.063 

Nur, A.S., Noor, M.A., 2021. Hydrological Aspect of Batang Alai Weir Watershed 

Due To Land Use Changes Into Mining Areas. Cerucuk 4, 61. 

https://doi.org/10.20527/crc.v4i1.3579 

Nurdin, Bahri, S., Zulkarnain, Sukendi, 2019. Analysis of the effect of land use 

changes on hydrology characteristics. Case study: the catchment area of Koto 

Panjang Hydroelectric Power. MATEC Web Conf. 276, 04014. 

https://doi.org/10.1051/matecconf/201927604014 

Nursaputra, M., Barkey, R.A., Rijal, S., Anila, C., Mappiasse, M.F., 2021. The 

direction of land-use for hydrology balance and development of low-carbon 

emissions in the Jenelata Catchment area. IOP Conf. Ser. Earth Environ. Sci. 

681. https://doi.org/10.1088/1755-1315/681/1/012122 

Ramadhan, K., Supriatna, 2019. Erosion rate prediction model ssing SWAT and 

CA-Markov methods (case study: Upper Ci Catih Catchment Area). IOP Conf. 

Ser. Earth Environ. Sci. 311. https://doi.org/10.1088/1755-1315/311/1/012072 

Romanowicz, A.A., Vanclooster, M., Rounsevell, M., La Junesse, I., 2005. 

Sensitivity of the SWAT model to the soil and land use data parametrisation: 

A case study in the Thyle catchment, Belgium. Ecol. Modell. 187, 27–39. 

https://doi.org/10.1016/j.ecolmodel.2005.01.025 

Satriyo, P., Pawitan, H., Purwanto, M.Y.J., Hidayat, Y., 2018. Analisis Daya 

Dukung DAS Berdasarkan Jejak Air Untuk Pengelolaan DAS Krueng Aceh. 

IPB University. 

Sorooshian, S., Yapo, P.O., 1999. STATUS OF AUTOMATIC CALIBRATION 

FOR HYDROLOGIC MODELS : COMPARISON WITH M ULTILEVEL 

EXPERT CALIBRATION. J. Hydrol. Eng. 4, 135–143. 

Sui, D.Z., Maggio, R.C., 1999. Integrating GIS with hydrological modeling: 

Practices, problems, and prospects. Comput. Environ. Urban Syst. 23, 33–51. 

https://doi.org/10.1016/S0198-9715(98)00052-0 



Teras Jurnal, Vol 12, No 1, Maret 2022  P-ISSN 2088-0561 

  E-ISSN 2502-1680 

 

 

 

Development Of Soil & Water Assessment Tool Application in Krueng Aceh Watershed 

Review - M. Faisi Ikhwali, Nanda Savira Ersa, Alfin Khairi, Wisnu Prayogo, Wesli 

204 

 

 

 

Syahdiba, H.N., Kusumandari, A., 2021. Estimation of erosion using Soil and 

Water Assessment Tool (SWAT) model in Samin Sub-watershed, 

Karanganyar and Sukoharjo Districts, Jawa Tengah. IOP Conf. Ser. Earth 

Environ. Sci. 686. https://doi.org/10.1088/1755-1315/686/1/012036 

T. Ferijal, 2013. SWAT Model Application To Simulate Discharge From Krueng 

Meulesong Sub Watershed Using The Actual And Predicted Climatological 

Data. Rona Tek. Pertan. 6, 398–404. 

Thampi, S.G., Raneesh, K.Y., Surya, T. V., 2010. Influence of Scale on SWAT 

Model Calibration for Streamflow in a River Basin in the Humid Tropics. 

Water Resour. Manag. 24, 4567–4578. https://doi.org/10.1007/s11269-010-

9676-y 

Tibebe, D., Bewket, W., 2011. Surface runoff and soil erosion estimation using the 

SWAT model in the Keleta Watershed, Ethiopia. L. Degrad. Dev. 22, 551–

564. https://doi.org/10.1002/ldr.1034 

Wagener, T., Boyle, D.P., Lees, M.J., Wheater, H.S., Gupta, H. V., Sorooshian, S., 

2001. A framework for development and application of hydrological models. 

Hydrol. Earth Syst. Sci. 5, 13–26. https://doi.org/10.5194/hess-5-13-2001 

White, E.D., Easton, Z.M., Fuka, D.R., Collick, A.S., Adgo, E., McCartney, M., 

Awulachew, S.B., Selassie, Y.G., Steenhuis, T.S., 2011. Development and 

application of a physically based landscape water balance in the SWAT model. 

Hydrol. Process. 25, 915–925. https://doi.org/10.1002/hyp.7876 

Whitford, W.G., Duval, B.D., 2020. Monitoring and Assessment. Ecol. Desert Syst. 

413–424. https://doi.org/10.1016/b978-0-12-815055-9.00014-x 

Widyasa, P.A., Kusratmoko, E., Marko, K., 2020. Estimation of erosion rate in 

Cileungsi upper watershed Bogor Regency. IOP Conf. Ser. Earth Environ. Sci. 

481. https://doi.org/10.1088/1755-1315/481/1/012065 

Wiyono Wit Saputra, A., Azazi Zakaria, N., Ngai Weng, C., 2020. Changes in Land 

Use in the Lombok River Basin and Their Impacts on River Basin 

Management Sustainability. IOP Conf. Ser. Earth Environ. Sci. 437. 

https://doi.org/10.1088/1755-1315/437/1/012036 

Yamamoto, E.M.S., Sayama, T., Yamamoto, K., Apip, 2020. Comparison of runoff 

generation methods for land use impact assessment using the swat model in 

humid tropics. Hydrol. Res. Lett. 14, 81–88. https://doi.org/10.3178/hrl.14.81 

Yuliana, W., Ery, S., Riyanto, H., 2019. Analysis of The Correlation Between Land 

Use Changes in Sub Watershed Wuno Toward Lifetime of Wuno Reservoir, 

Sigi District, Central Sulawesi Province. Civ. Environ. Sci. 2, 001–014. 

https://doi.org/10.21776/ub.civense.2019.00101 

Zhang, H., Wang, B., Liu, D.L., Zhang, M., Leslie, L.M., Yu, Q., 2020. Using an 

improved SWAT model to simulate hydrological responses to land use 

change: A case study of a catchment in tropical Australia. J. Hydrol. 585, 

124822. https://doi.org/10.1016/j.jhydrol.2020.124822 

Zheng, J., Li, G. yong, Han, Z. zhong, Meng, G. xia, 2010. Hydrological cycle 

simulation of an irrigation district based on a SWAT model. Math. Comput. 

Model. 51, 1312–1318. https://doi.org/10.1016/j.mcm.2009.10.036 

 
 

Copyright (c) M. Faisi Ikhwali, Nanda Savira Ersa, Alfin Khairi, Wisnu Prayogo, Wesli 


