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Abstract: The expansion of agricultural land, especially for commercial crops, and deforestation caused by ever-increasing domestic 

and social-economic development have influenced the streamflow and altered water resources in the Sen River, one of the largest 

tributaries of the Tonle Sap Lake in Cambodia. The objective of this study was to examine the streamflow under land use change by 

using Supervised Land Use Maps generated from satellite images. Landsat 7 (ETM+) images for year 2009 and Landsat 8 (OLI) 

images for year 2015 and year 2020 were supervised classification to extract information on changes in land use by using ArcGIS 

10.4.1 interface version. In this study, SWAT (Soil Water Assessment Tool) hydrological model is used to determine the effect of land 

use change on hydrological alteration in the Sen River Basin. The results showed that the SWAT model adjusted very well to the basin 

based on calibration and validation results. For land use change, most parts of the forest land were converted into agricultural land 

between 2009 and 2020, increasing by 14% (2009-2015), 33.5% (2015-2020) and 47% (2009-2020). In addition, it was observed 

that the land use changes led to increasing in 1-day, 3-day, 7-day, 30-day, and 90-day maximum and minimum flows. The monthly 

flows under land use changes ranged between -2% and 23%, which the increase of flow changes mostly occurred in the dry season. 

Based on these modeling results, the conversion of forest land to agricultural land was recognized as most LULC changes occurred, 

increasing streamflow, the risk of flooding and drought. This study could be beneficial to understand the effects of LULC change on 

the streamflow and help improve flood and drought control and water resource management planning in the Sen River Basin. 
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1. INTRODUCTION1 

The Tonle Sap Lake in Cambodia is the largest natural 

freshwater lake in Southeast Asia, and it is situated almost in the 

center of Cambodia and surrounded by five provinces such as 

Kampong Thom, Siem Reap, Battambang, Pursat, and Kampong 

Chhnang. As Cambodia's largest freshwater lake, it has played 

an important role in the country's economic, cultural, and 

environmental growth. Tonle Sap Lake is surrounded by 11 

major tributaries and subbasins that flow into it. The region 

leading to runoff varies seasonally due to the normal season of 

subbasins in each catchment [1] . Global environmental change 

is both a cause and a result of land change. It has been identified 
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as having significant implications for global and regional 

climates, global biogeochemical cycles such as carbon, nitrogen, 

water, biodiversity, and so on [2]. As the global population and 

per capita consumption rise, so makes the demand for food, 

natural resources, and the ecosystem is stressed [3]. Variations 

in vegetation stomatal conductance, surface roughness, 

hydraulic connectivity, and other soil properties such as organic 

material, composition, and infiltration rate are all affected by 

land use change at the catchment level [4].  

Forest cover in Cambodia during 1998 was considered in 

the highest levels in Southeast Asia, nowadays the acceleration 

is appeared over the last few decades due to the pace of land use 
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and forest conservation [5]. In 1970s, forest covered an 

estimated  

73% of the country territory [6]. To monitor the loss of 

forest land, forest cover assessment was conducted in 2016, 

which shows the result of land cover changes to 48% of the total 

area of Cambodia [5]. In most countries, the loss of forest cover 

corresponds to land use and land cover change trends linked with 

demographic increase and economic development [7]. The 

population of Cambodia has been steadily increasing. The 

population has increased from roughly 3 million in 1980 to about 

13.4 million in 2008 and has continuously risen to about 15.3 

million in 2019, which grows 14.1% in 11 years between 2008 

and 2019 [8]. About 2-3 million people reside in cities, while the 

remainder lives in rural regions and rely on natural resources, 

particularly forest and non-forest goods, to get around. Due to 

their demands for areas for settlement and agriculture, this large 

population growth rate may result in greater deforestation [6]. 

Agriculture is one of Cambodia's most important industries, 

which provided for 33.5 percent of the country's GDP in 2009 

and employed 56 percent of the workforce [9]. In Cambodia, 

water is the most important natural resource for long-term 

development and poverty reduction, such as irrigated agriculture 

which consumes a large amount of fresh water and often creates 

water scarcity.  

The availability and quality of water resources are thought 

to be affected by land use activities. These effects can be both 

beneficial and detrimental. It seems intuitive that the benefits of 

effective land management, or the costs associated with negative 

impacts of insufficient land use on water resources, should be 

felt not only by the water users who cause them but also by those 

who live downstream or, in the case of groundwater, use the 

affected groundwater resources [10]. To measure these costs and 

benefits, it's necessary to get a clear picture of how different land 

use activities affect hydrologic regime and water quality from a 

landscape perspective, as well as at what watershed scale the 

impacts are important. Land use effects on water quality are 

influenced by a variety of environmental and socio-economic 

factors. Climate, topography, and soil composition are all-

natural factors. Economic capacity and knowledge of farmers, 

management practices, and the growth of infrastructure, such as 

roads, are all socio-economic factors. Furthermore, agricultural 

land use effects can be difficult to discern from natural or other 

human impacts, such as the effect of agricultural runoff versus 

rural sewage systems on surface and groundwater depletion. 

Impacts on surface water supplies and groundwater resources 

can be differentiated when it comes to the hydrologic regime. 

Impacts on peak flows and impacts on dry season flows are 

important factors in the above case. In terms of groundwater, the 

effect of land use on groundwater recharge must be investigated 

[10,11]. The most important factor of the effect of land use on 

mean runoff is the plant cover's water regime in terms of 

evapotranspiration (ET), the soil's ability to retain water 

(infiltration capacity), and the plant cover's ability to intercept 

moisture resulting a significant influence on runoff 

characteristics and groundwater in the basin [12]. It may also 

alter meteorological parameters by changing surface 

temperature, increasing evaporation, and reducing transpiration 

rates, which has discovered that forest cover and water yield 

have a strong positive correlation [13]. A study in northwest 

China found that mean annual runoff declined by 2.3% 

regarding a 25% increase in the proportion of forest land in a 

basin [14]. An increase of streamflow from 0.2 to 0.4% was 

associated with a decline of 16.3% in the forest land of a river 

catchment in Vietnam [15]. 

In order to address the above problem, it is essential to have 

a good understanding of the causes and consequences of the 

overall hydrologic regime and the historical trend of land use 

change by using hydrological knowledge with practical and 

effective methods. Hydrological models are a useful tool to 

simulate the rainfall-runoff process in different time space 

associated for better understanding of the hydrological process 

and streamflow generation of a catchment. The aim of this study 

was to analyze the flow alteration under land use impact in Sen 

River Basin by calculating dynamic land use map in 2009, 2015, 

and 2020 generated from satellite images using Supervised Land 

Use Maps in ArcGIS. Furthermore, the daily flow calibration 

and validation was performed in SWAT model and then, the 

simulated flow from three land use maps was evaluated by using 

Indicator of Hydrologic Alteration (IHA).  

2. METHODOLOGY 

2.1 Sen River Basin, the largest tributary of Tonle Sap basin 

Sen River Basin is the largest tributary of the greatest lake 

which covers a part of Preah Vihear Province and Kampong 

Thom Province of Cambodia, and the study area on this river 

covers approximately 16,000 km2 with 520 km length from the 

boundary of north Cambodia to the ends at Tonle Sap Lake. The 

river has lied between 12°30′ N to 14°30’ N of latitudes and 

104°00’ to 105°30’ E of longitudes (Fig.1). Sen River Basin 

originates in the mountainous chains of Dangrek in Preah Vihear 

Province from the maximum altitude of around 790 m and flows 

into Tonle Sap Lake via the district of Stung Sen, Kampong 

Thom Province, which is located in the center part of Cambodia. 

With a standard deviation of 320 m3/s, the mean flow of the Sen 

River is 249 m3/s [16]. The Sen River's average annual 

precipitation is 1,400 mm, discharging approximately 325 m3/s 

to Tonle Sap Lake [17]. Tropical monsoons with two distinct 

seasons dominate the climate in the Stung Sen basin. The rainy 

season is between May and October, and the dry season is 

between November and April. The average annual rainfall is 

about 1,500 mm, and with maximum and minimum 

temperatures 35oC and 20oC, the average temperature is around 

27.5oC [18]. In this period, the annual rainfall is concentrated, 

producing annual precipitation of around 1,400 mm per year 

[19]. It has been assessed that the Sen River Basin has the most 

plentiful water supplies and important hydropower capacity in 

Cambodia.  
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Fig. 1. Location of the study area in Sen River Basin 

2.2 Model description 

The Soil and Water Assessment Tool (SWAT) was 

developed by Dr Jeff Arnold for the USDA Agricultural 

Research Service. SWAT is used to simulate the catchment 

runoff and land management process, which allow the watershed 

to be divided into subbasins with one stream containing each 

based on the data estimation of soils classification, land use, 

daily rainfall and topography [20]. The software package of 

SWAT is worked as facilities to predict the impact of watersheds 

from land management, sediment and agricultural chemical 

yields, land use and simulate hydrologic cycle and root growth 

of the plant and can specify the region of water routing to major 

river basins over the long periods [21]. Hydrologic response 

units (HRUs) are areas in which soil type, land use, land slope 

have a unique combination to be spatially disconnected by 

regions with no designated geographic location [22]. A previous 

study related to irrigation of the Del Reguero watershed in Spain 

showed the established result of using the SWAT model to 

assess the impact of non-point phosphorus losses with various 

management practices. Water quantity and quality data (2008 to 

2009) and field surveys were recorded and inputted for 

performing calibration and validation [23]. In California, the San 

Joaquin watershed that depends on irrigation met the climate 

change and increasing of variation of atmospheric CO2 was 

using the modelling of SWAT to response these issues and as 

the result of modelling shown the significant effects on water 

yield, irrigation water use, stream flow and evapotranspiration 

which indicated that this watershed is sensitively on potential of 

future climate change [24] . 

Water balance is the important force in the process of the 

watershed model in the hydrologic cycle simulation of SWAT, 

which includes evapotranspiration, rainfall, percolation, surface 

runoff, lateral flow, infiltration, lateral flow, and groundwater up 

flux [22]. Hydrology simulation of a watershed is separated into 

two phases such as the land phase and the water or routing phase. 

The land phase of the hydrologic cycle inspects the amount of 

water, nutrient, pesticide loading and sediment to the main 

channel of each subbasin and the water phase specifies the 

movement of water, sediments in the hydrologic cycle of the 

basin. The water balance equation, which is shown in Eq. 1, can 

be simulated in the hydrologic cycle [20]. 

( )
1

t

day surf a seep gwt o
i

SW SW R Q E w Q
=

= + − − − −     (Eq. 1) 

where: 

tSW   =  the final soil water content (mm) 

oSW  =  the initial soil water content on day i (mm) 

t        =  the time (days) 

dayR  =  the amount of precipitation on day i (mm) 

surfQ =  the amount of surface runoff on day i (mm) 

aE     =  the amount of evapotranspiration on day i (mm) 

seepw = the amount of water entering the vadose zone 

              from the soil profile on day i (mm)  

gwQ   =  the amount of return flow on day I (mm). 

There are two objectives for this study illustrating the 

SWAT Model Calibration and Validation for Objective 1 and 

Flow Alteration under Land use Change for Objective 2, which 

is shown in Fig.2. The SWAT-CUP was utilized for analyzing 

the sensitivity parameter and calibration. The interface of 

SWAT-CUP was developed for any uncertainty calibration 

using multiple regression to evaluate the sensitive parameters, 

which can easily be linked with SWAT. The Student’s t-value 

distribution, which is a statistical distribution was used to get the 

statistic value (p-value) of each parameter [25]. For each term of 

parameters, the p-value checks the null hypothesis that each 

parameter 's coefficient is equal to zero (no effect). Sixteen 

parameters were selected to be used for sensitivity analysis by 

running 500 times in SWAT-CUP based on Student’s t-test. 

Calibration is an attempt to better parameterize a model, 

conditionally reducing the variance of the forecast to a certain 

set of local parameters by carefully selecting the values for the 

model input parameters within their respective uncertainty 

ranges [26]. This method was used most sensitive model 

parameters that differentiated in SWAT-CUP for calibration 

process of the SWAT models. By selecting the period from 2001 

to 2006 as sensitivity analysis period, the model calibration 

process was carried out for NSE at least 0.60. Model validation 

was performed using the calibrated parameters applied on the 

observed data in different period [26]. Data period of model 

validation process between 2006 and 2008 was conducted in 

SWAT interface in ArcGIS by changing parameters values.  

In model performance and evaluation, Nash-Sutcliffe 

efficiency (NSE) is a statistical distribution indicating how well 

the plot of observed data versus simulated data fits the 1:1 line. 

NSE ranges from −  to 1, with NSE = 1 being the optimal 
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value. The level performance is generally acceptable between 

the value of 0 and 1, whereas the negative value shows very poor 

and the average value of output is a better estimate than the 

model prediction. Regression (R2) is a statistical measurement 

that shows how the simulation data fitted to the observed data 

which is known as the coefficient of determination or the 

coefficient of multiple determination for multiple regressions. 

The better prediction and estimation of model simulation is 

indicated by the higher R2. RSR is an error index statistic 

standardizing Root Mean Square Error (RMSE) using standard 

deviation (STDEV). RSR varies from the optimal value of 0 

indicating residual variation. If RSR is become lower, the model 

indicates better simulation performance. 

1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 Indicator of hydrologic alteration (IHA) 

The IHA was employed to evaluate the hydrologic 

alteration after the separating study period using the range of 

variability approach (RVA) with 33 hydrologic alteration 

parameters [27]. The 17 hydrologic parameters focus on the 

magnitude, duration, timing, and frequency of extreme events 

and geomorphology. At the same time, the other 16 parameters 

measure the central tendency of either the magnitude or rate of 

change of water condition. These 33 parameters were 

categorized into 5 groups addressing the magnitude, timing, 

frequency, duration, and rate of change. In this study, only group 

1 and group 2 featuring magnitude, timing, and duration are 

utilized to evaluate the result of land use impact on streamflow 

in the basin. 

2.4 Land use analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Applying LULC mapping is a critical issue for collecting 

information for master city planning and monitoring the 

environment. Any supervised classification does not complete 

until an assessment of its accuracy has been performed. 

Accuracy assessment is a quantification of estimation with the 

aid of remotely sensed dataset to classification conditions, and it 

is useful for evaluation of classification approach, and it is also 

important to determine the error that might be involved. The 

accuracy assessment of classification is proposed in the form 

confusion matrix [28]. In this study, the producer’s accuracy 

(PA), the user’s accuracy (UA), the overall accuracy and the 

Kappa Coefficient (K) are used to verify with reference sample 

data which produce error matrices generated from supervised 

images of the satellite.  

The producer’s accuracy (PA) is the number of correctly 

classified samples of a particular category divided by the total 

number of reference samples for that category. It is a measure of 

the error of omission [29]. The user’s accuracy (UA) is an 

Fig. 2. The procedure of study for SWAT model calibration and validation and land use change 
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alternative measure for individual category accuracy. It is the 

number of correctly classified samples of a particular category 

divided by the total number of samples being classified as that 

category. It measures the error of commission. The overall 

accuracy is the total number of correctly classified samples 

divided by the total number of samples. It measures the accuracy 

of the entire image without any indication of the accuracy of 

individual categories. The weight of each category depends on 

the number of samples in that category [30] . It has a tendency 

to be biased toward the category with a larger number of 

samples.  
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        (Eq. 2) 

where:  
r      = the number of rows in the error matrix  

xii   = the number of observations in row i and column i   

+     = summation over the index 

ix +
  = the marginal totals of row i  

ix+   = the marginal totals of column i  

  = the total number of observations. 

 The Kappa coefficient (K) which shown in Eq. 2, is a 

measure of the actual agreement (indicated by the diagonal 

elements of the matrix) minus chance agreement (indicated by 

the product of row and column marginals). It uses all cells in the 

matrix and takes into account both the commission and omission 

errors [31]. Kappa value is computed for each error matrix. It 

measures how the classification performs as compared to the 

reference data.          

 

2.5  Model input 

For Sen River Basin, the SWAT model was used with 

geospatial data, meteorological data as key data input to obtain 

for running the model. The daily rainfall from the Tropical 

Rainfall Measuring Mission (TRMM) was located with 18 

rainfall stations in the year 1998 to 2019. Temperature, 

humidity, wind speed and solar radiation data were collected in 

the basin and received from Global Weather for SWAT while 

land uses/land covers are classified with satellite images by 

ArcGIS with 4 classes, and soil types are conducted by Mekong 

River Commission (MRC) with 21 classes.  

Climatological data such as temperature, humidity, wind 

speed and solar radiation were collected from Global weather 

data, and Daily rainfall from TRMM data 

(mirador.gsfc.nasa.gov). 18 Stations across the basin were 

considered for rainfall-runoff based on data availability for the 

year 1998-2019 shown in Fig.1. The missing climatological data 

were filled in from the nearby station based on their correlation. 

The simulation of streamflow utilizes daily rainfall data between 

1998 and 2008. The lowest capacity of monthly rainfall in Stung 

Sen River was in January, while in August, monthly rainfall 

reached the peak, which is shown in Fig.3.  

 

Fig. 3. Average monthly rainfall from 14 stations in Sen River Basin 

The hydrological station is located in Kampong Thom 

province. Observed discharge, measured between 1st  January 

2001 and 31st  December 2008 in this hydrological station, was 

obtained from the Department of Hydrology and River Work of 

Ministry of Water Resources and Meteorology. The daily 

observed streamflow is shown in Fig.4 were examined and 

compared from 2001 to 2008. The streamflow reached the peak 

to considerably less than 800 m3/s in 2002 during the rainy 

season.  

 

Fig. 4. Rainfall and average daily observed flow of Sen River Basin 

The images with 30 m resolution and no cloud cover were 

collected from U.S Geological Survey (USGS) Center for Earth 

Resources Observation and Science (EROS) 

(https://earthexplorer.usgs.gov), which is shown in Fig.1. Land 

use map was generated using Landsat 7 (ETM+) for 2009, 

Landsat 8 (OLI) for 2015 and 2020 land use map images and 

supervised classification using ArcGIS 10.4.1 with 4 

categorized classes such as forest land, agriculture land, 

bareland, and water which is shown in Fig.5. Two hundred fifty 

random points were produced as accuracy assessment points in 

ArcGIS to perform using reference data obtained from the 

interpretation of corresponding high-resolution Google Earth 

Images of 2009, 2015, and 2020 to illustrate the 

representativeness of the classified images on the ground. 

Supervised land use map 2009 is used as the baseline of study 

with most part of this area covered by Forest land is 11,517 km2, 

N
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equal to 81% of the total basin and the most second part, which 

is about 9.41% for bareland. Agriculture is covered 9% of the 

area, and water spreads only 0.4% around the basin.  

         

Fig. 5. Classification of supervised land use 2009 for SWAT model in 

Sen River Basin 

There are 21 different soil types from MRC are covered in 

the basin area, which is shown in Fig.6. Most of the region is 

covered by Haplic Acrisol/Dystric Leptosol 19.56% and some 

other parts of the basin while Luvic Arenosol (ARl/ARh) 

30.66% covered on the northeast of the basin, Leyic 

Acrisol/Plinthic Acrisol  (ACg/ACp) 15.08% on the west and 

other soil types have lied from northeast to the main outlet of the 

basin [32]. These types of soils provide shallow potential rooting 

depth, high groundwater tables, and high bulk density for the 

basin.  

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 6. Classification of supervised land use 2009 for SWAT model in 

Sen River Basin 

 

3. RESULTS AND DISCUSSION 

3.1 Land use classification and change detection 

Four land use categories, namely forest land, agriculture 

land, bareland, and water are indicated. Landsat 7 (ETM+) was 

used to generate LULC maps in 2009, and Landsat 8 (OLI) was 

used to create LULC maps in 2015 and 2020 (Fig.7). Table 1, 

Table 2, and Table 3 provide the accuracy reports for the four 

classified images. The producer’s accuracy (PA) and the user’s 

accuracy (UA) showed higher percentage of each land use 

classification. For the years 2009, 2015, and 2020, the overall 

accuracy ranged from 88% to 97%. The four classified images 

all obtained a Kappa coefficient of at least 0.80, which are very 

good indicators of classified images. Therefore, the validation 

data set indicated a very good agreement with the classified 

image. According to Landsat image analysis, agriculture land 

rose by 14% between 2009 and 2015, whereas other land covers 

decreased forest land (9%), bareland (5%), and water (0.20%) 

particularly. Agriculture land had a higher than other land cover 

categories during the research period, and it steadily expanded 

between years. As a result, agriculture land was the most 

common land cover contributing to 9% in 2009, 22% in 2015, 

and 56% in 2020, while forest land coverage at 81% in 2009, 

72% in 2015, 38% in 2020. Bareland was the third most common 

land cover in 2009 with 9%, 5% in 2015, and 6% in 2020. Water 

cover percentages ranged from 0.40% in 2009 to 0.20% in 2015, 

and 0.13% in 2020. This rapid growth of urbanization, and 

policy change [33]. 

 

Table 1  Confusion matrix of 2009 land use classification 

2009 

LULC 

Class 

F A B W 
Total 

User 

UA 

(%) 

F 144 2 0 1 147 97.96 

A 2 38 5 2 47 80.85 

B 10 3 17 1 31 54.84 

W 2 0 0 23 25 92 

Total 

Producer 
158 43 22 27 250 81.41 

PA (%) 91.14 88.37 77.27 85.19 85.49 83.45 

(F) Forest, (A) Agriculture, (B) Bareland, (W) Water 

Overall accuracy = 88.80%; Kappa Statistic = 0.80 

 
3.2  Model calibration and validation 

As shown in Fig.8 and Table 4, the calibration periods 

(2001 to 2006) and the validation period (2006 to 2008), the 

NSE values were 0.70 and 0.76, and the RSR values which were 

0.55 and 0.49, respectively. The R2 values were 0.81 for both 

calibration and validation. 
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Table 2  Confusion matrix of 2015 land use classification 

2015 

LULC 

Class 

F A B W 
Total 

User 

UA 

(%) 

F 99 3 1 0 103 96.12 

A 2 59 1 0 62 95.16 

B 1 7 40 1 49 81.63 

W 1 0 0 354 36 97.22 

Total 

Producer 
103 69 42 36 250 92.53 

PA (%) 96.12 85.51 95.24 97.22 93.52 93.03 

Overall accuracy = 93.20%; Kappa Statistic = 0.90 

Table 3  Confusion matrix of 2020 land use classification 

2020 

LULC 

Class 

F A B W 
Total 

User 

UA 

(%) 

F 74 1 0 0 75 98.67 

A 4 96 2 0 102 94.12 

B 0 2 25 0 27 92.59 

W 0 0 0 46 46 100 

Total 

Producer 
78 99 27 46 250 96.36 

PA (%) 94.87 96.97 92.59 100 96.11 96.23 

Overall accuracy = 96.40%; Kappa Statistic = 0.85 

 

As a result, NSE and RSR values suggest that the model 

showed a good performance and a very good statistical range 

between simulated and observed during the calibration and 

validation period, respectively, while R2 values suggest that the 

model showed very good performances. The statistic value 

outcomes of the calibration of the streamflow are consistent with 

the observed flow. The overall performance of the model 

calibration and validation replicated the observed flow for an 

independent dataset reasonably well. 

 

 

 

 

 

 

 

 

 

Fig. 8. Daily streamflow evaluation of model calibration and validation 

period in Sen River Basin 

3.3  Impact of land use change on streamflow 

 

As shown in Fig.9, a comparison between the streamflow of 

the Sen River Basin simulated from LULC maps of 2009, 2015, 

and 2020 obtained differences in flow discharges which 

indicated that the observed change of LULC has a significant 

impact on streamflow in all sub-basin under the same climatic 

input. Overall, the streamflow under 3 LULC increased with a 

slight change of simulated result between different land uses 

from May until September during seasonal rainfall before 

declining in October of baseline LULC 2009 while continuously 

started to rise for simulated streamflow of LULC 2015 and 

Fig. 7.  Land use classification of Sen River Basin (2009, 2015, and 2020) 
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LULC 2020 and went down during the dry season. At the 

beginning of the rainy season, streamflow was between 44 to 52 

m3/s for each LULC.  

 

 

 

Table 4  Statistical performance of calibration and validation for daily 

streamflow of Sen River Basin 

 

Over the following 5 months of the rainy season, the 

streamflow of 3 LULCs was almost the same before the flow of 

baseline reached the peak at 638 m3/s in September. October saw 

the highest results of flow under LULC 2015 and LULC 2020 

by 638 m3/s and 657 m3/s, respectively. In the dry season, there 

is a different change of streamflow between the three LULCs 

during the period with the increase of flow under LULC 2015 

and LULC 2020 compared to the streamflow of the baseline 

LULC map. However, these 3 flows of LULC fell to around 43 

to 51 m3/s towards the end of the dry season. Therefore, 

according to the result from Fig.7, the trend of flow increasing 

is during the dry season due to the extent of agriculture area over 

forest land from 2009 till 2020 [34]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Monthly flow change of land use 2009, 2015, and 2020 

 

 

The flow changes have resulted from the simulation of three 

different LULC maps of Sen River Basin. Fig.10 indicated the 

change of average monthly streamflow that occurred between 

2009 and 2020. Three graphs of flow change, such as flow 

change from 2009 to 2015, 2009 to 2020, and 2015 to 2020, are 

shown with quantity change and percentage change of 

streamflow. Over the period of land use change, the monthly 

flow from October till July has remained increasing, then seem         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Comparison in value of flow change and percentage change 

from 2009 to 2015, 2009 to 2020, and 2015 to 2020 

 

a decrease of streamflow in August. In September, the monthly 

flow between 2009 and 2015 has decreased and then started to 

rise from 2015 to 2020. As with the change of LULC 2009 to 

2015 and LULC 2015 to 2020, the average peak of flow over the 

whole basin was at 8% in February and 14% in March, 

respectively, while bottoming out with the percentage of -0.97 

and – 0.45 in August. Most flow changes during 2015 to 2020 

exhibited a doubled pattern compared to flow change during
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2009 to 2015. The flow under LULC change over 12 years was 

ranged between -1% and 24%. Overall, the increase of flow 

changes mostly occurred in the dry season due to the 

deforestation in the study area and transformed to cropland 

cover, which affect the water cycle and runoff. Because 

shallower-rooted plants cannot access deep soil water during dry 

periods, the magnitude of ET and its seasonal pattern are altered 

as a result of the transition from deep-rooted forest to shallower-

rooted plants, resulting in higher streamflow [35]. 

3.4 Impact of land use change on multiple temporal scales 

Daily minimum and maximum flows of the simulated period 

were considered in Figs.11 and 12. In the minimum flow, the 

simulated flow in 2007 rises to the highest value of all LULC 

study periods except the 30-day condition, which peaked in 

2008. All results in minimum daily flow show the lowest point 

for LULC 2009, followed by the flow of LULC 2015. 

Conversely, in maximum daily flow, the peaked flow fluctuated 

on different LULC period maps at the different conditions of 

flow in the 2007 simulation period while the 1-day maximum 

peaked in 2003 simulated period. The maximum daily flow of 

LULC 2009 indicates the lowest value for all period conditions. 

Overall, the alteration of minimum flow conditions shows not 

differ greatly, except in 90-minimum flow condition shows a 

dramatic change compared to other, while in annual maximum 

flow conditions illustrate the decreasing of flow from 1-day till 

90- day condition.  

Fig.13 illustrates the average streamflow of LULC in 3 

different periods and the change of flow streamflow from one 

period to another over the extreme annual condition. This will 

be focused on minimums and maximums of streamflow on 1-, 

3-, 7-, 30-, and 90-days. All simulated flows reach the maximum 

and the minimum in 1-day condition, and the highest change is 

likely in 90-day minimum condition while the lowest percentage 

of flow change is in 1-day maximum condition. The mean flow 

of LULC 2020 received the highest streamflow of all annual 

minimum conditions, while the mean flow of LULC 2009 is 

given the lowest result. On the other hand, in annual maximum 

condition, LULC 2009 receives the highest in 1-, 3-, and 7-day 

conditions, whereas 30- and 90-day conditions show in LULC 

2020. The change over 12 years of study increases to the 

maximum of 17% and decreases to the minimum of 1.6%. The 

comparison of the flow change in each extreme condition from 

3 land use maps reveals not differ significantly from time to time 

which may be the result from the change in water components 

including surface runoff, lateral flow, groundwater recharge that 

would affect flow in the whole basin rather than the flow at the 

outlet. Detection of flow may show the change at different 

locations of the outlet due to land use change is spatial. The 

impact of water allocation for agriculture and other factors in 

each season and climate change in the basin during the period of 

study may also contribute as the driver in these differences. The 

change in minimum flow is high since the value of minimum is 

small (from 20 m3/s), thus the small change can lead to high 

percentage change. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Comparison of annual 1-day minimum, 3-day minimum, 7-day 

minimum, 30-day minimum, and 90-day Minimum Condition of 

Streamflow for Land use 2009, 2015, and 2020 in Sen River Basin 
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Fig.12. Comparison of annual 1-day maximum, 3-day maximum, 7-day 

maximum, 30-day maximum, and 90-day maximum condition of 

streamflow for land use 2009, 2015, and 2020 in Sen River Basin 

 

Fig.13. Average streamflow and percentage change in minimum and 

maximum of time condition for land use 2009, 2015, and 2020 in Sen 

River Basin 

3.5  Impact of Land Use Change on Flow Duration Curve 

 

Flow duration curve is characterized into different 

segments by percentage exceeded, which is shown in Fig.14. 

The first segment from 0 to 10% of flow exceedance describes 

high flows, the second part (10-40%) represents wet conditions, 

40 to 60% shows mid-ranges flows, another segment between 

60% and 90% gives dry condition, and another partition 

represents long-term streamflow sustainability. The peaked 

curve indicates the discharge of 1313 m3/s, 1324 m3/s, and 1277 

m3/s for the LULC 2009, LULC 2015, and LULC 2020, 

respectively. The average flow of 495 m3/s of LULC 2009, 502 

m3/s of LULC 2009 and 523 m3/s of LULC 2020 surpassed 20 

percent exceedance. The LULC 2009 reveals that 15 m3/s is 

equaled or exceeded 90% of the time in the low flow zone while 

LULC 2015 shows 16 m3/s, whereas 17 m3/s is equaled or 

surpassed 90% of the LULC 2020. Overall, the highest flow 

among these flow duration curves is in LULC 2015, while in wet 

and dry conditions, the flow duration curve of LULC 2020 

reaches the highest.  

 

 

Fig.14. Flow duration curve under land use of 2009, 2015, and 2020 in 

Sen River Basin 
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The low flows were proportionally more affected than high 

flows due to low flow affected by changes in transpiration, while 

high flow is affected by changes in interception and 

transpiration. The decreased of forest land in the basin is likely 

to reduce the rates of interception and transpiration, thus having 

higher flow.  

4. CONCLUSIONS   

This study determined the possible effects of land use 

changes on the hydrologic regime alteration in the Sen River 

Basin. The set-up SWAT model for analyzing the effect of land 

use change in the Sen River Basin was considered to have the 

capacity of representing the watershed properly.  

The findings revealed that the land use/land cover in the Sen 

River Basin had changed dramatically over the last 12 years. The 

major land use activity in the entire watershed and some 

watersheds, in particular, was deforestation and subsequent 

expansion of agricultural land [36,37]. Forest land was 

converted to agriculture land from year to year and there was 

also a decrease in bareland. There was also a decrease in 

bareland. The result has shown that the magnitude of agriculture 

land was increased by 14% from 2009 to 2015, by 33% from 

2015 to 2020 and by 48% from 2009 to 2020, which entirely 

affected the watershed hydrology in the study area. 

Generally, streamflow has shown an increase from time to 

time by using three different dynamic LULC maps generated 

from satellite images in 2009, 2015, and 2020, and result 

illustrated as average monthly flows, annual maximum and 

minimum condition of streamflow, and percentage change of 

streamflow using simulated streamflow from 3 different periods 

of LULC map in SWAT model. The main reason behind these 

changes of streamflow over the period is the relationship of 

forest land and agriculture land with the hydrologic cycle [38]. 

Soils in forests function like sponges, retaining water for longer 

periods of time than soils in other land uses [39] . Based on the 

conversion of forest land to agriculture land was recognized as 

most LULC changes occurred, which could increase water 

discharge, the risk of flooding and drought in the basin. 

According to the results, if the deforestation and expansion of 

agriculture land trends are allowed to continue, the hydrologic 

cycle in this basin will be affected, which will result in an 

increase in streamflow in the basin. Understanding these impacts 

can improve future land use planning and water resource 

management in the basin by regulating the proper land use to 

maintain the hydrological balance. 
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