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Abstract
The Chak River basin, also known as a watershed, is one of the most 
important river basins in Afghanistan, particularly in terms of its location 
and economy. However, with the increasing population and rapid industrial 
growth in this basin, an analysis is needed to address climate change 
scenarios. Climatic variables such as temperature, and rainfall are the most 
important variables that influence the hydrological process. The impact of 
these variables on hydrology at the basin level is important for the efficient 
organization of water incomes. Soil and Water Assessment Tool (SWAT) 
a semi-distributed model, is used in this study to simulate and analyze 
changes in the hydrological events of the Chak basin, due to climate change, 
and predict the future flow. Model calibration and sensitivity are performed 
using the SUFI2 optimization algorithm and the best performance metrics 
have been obtained using Kling-Gupta efficiency (KGE) as the objective 
function to calibrate the monthly flow of the outlet. It is observed that the 
maximum monthly temperature is decreasing by 1.8° C in March and from 
July to October. The minimum monthly temperature is decreasing by 2.7° C  
from May to August in the basin. The precipitation in March shows an 
increasing trend from 50 mm to 132 mm and stream flow from 48cum to 
130cum during the period 2022-2050 which we got from RCP scenarios. 
The result describes that the basin faces significant transformations in its 
water equilibrium and hydrology due to future climate change.
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Introduction
The Chak watershed is located in arid and semi-arid 
area between Latitudes 330 59’ 7’’ to 340 27’ 59’’ and 
Longitudes 670 37’ 14’’ to 680 65’ 6’’ with an area of 
5,831 km2. Topography alpine with steep slopes.1 
Max Elevation of 4236m, Min 1912m. Mountains 
are rocky with sharp peaks, and steep slopes, and 
the Five largest rivers in terms of the catchment 
area, follow the Kabul (76, 908 km²) basin.2 The  
Chak originates from the western slope of the on.  
Eight main watersheds make up the Kabul water 
index: 1. Watershed of Kabul; 2. Watershed of Chak 
& Logar Rod; 3. Watersheds of Ghorband, Panjshir 
and Alingar. 5. Watershed Kunar, 6. Watershed 
Shamal, and 7. Watershed Gomal. 8. Watershed 
of Pishin Lora.3

Many regions in the world, including Chak watershed, 
are prone to floods and droughts and efficient 
infrastructures, which will mitigate floods with water 
collection and subsequent water usage during 
drought seasons, along with the decrease of water 
in the irrigation season.4 The Chak watershed is 
located within Kabul River basin, it always hunted 
by major floods and caused of the destructions 
of irrigation lands, water infrastructures, local 
communities and even some time losing of lives  
of hundreds of Kochi tribals who lives in the flood 
zone in this watershed to feed their livestock, the 
below figure represent the case study area which 
show the central area of the watershed.5

In this study area, there are four variations in weather 
seasons classified in a year: winter season which 
included from (Dec to Feb), is the rainy season 
and cold season of the year, spring season which 
included from (March to May), is variable season 
summer seasons which included from (June to Sep) 
it is the wet season or heat season and fall season 
which included from (Oct to Nov.) months. Global 
heating up is the most prevailing problem of the 
world in the last three decades.6 Global warming is 
the result of Green House Gasses (GHGs) and it is 
an increasing trend in the mean temperature of the 
Earth surface, the most releasing GHGs are carbon 
dioxide (CO2), Nitrous oxide NO2, Chloro-Floro-
Carbons (CFCs), methane (CH4), water vapor and 
fossil fuel consumption which are increased due to 
human fuel consumption activities.7 Due to the past 
three decades civil war and instability in the country 
there still a gap of the Hydro metrological data 

and research on the mentioned watershed.8 This 
research will be the first in order to help as bridge 
to future researches, government and scholars who  
want to fill the gaps. Additionally, ongoing and 
projected climate change is having a negative impact 
on irrigation systems. The amount and velocity of water  
in rivers and streams are changing because there 
is less snowfall and glaciers are getting smaller.9

South Asia seriously attends to be affected by climate 
variation impacts because their economy is highly 
dependent on agriculture. As a result of the quick rise 
in population, urbanization, hydropower demand, 
and agriculture, the region's water resources have 
already been affected. Significant changes are in the 
global climate cycle of water that causes changes 
in the regime of precipitation and temperature.3,10 
Based on the research investigations in Kabul River 
basin and according to remote sensing studies, 
more than 18% glacier surface reduction was found 
in Afghanistan's glacial regions in 2016.11 In terms 
of frequency and intensity, the spatial distribution 
of precipitation regime changes worldwide widely. 
For sustainable water resource management, 
social well-being, development of the economy 
and increase the quality of the environment is 
necessary to understand the relation between 
the climate, and hydrological processes.12 Their 
response will increase the knowledge of how the 
Hydrological systems will change in the future 
and suggest adaptation methods to mitigate the 
climate variation effects on water properties. Water 
is the furthermost central natural resource and 
living matter component, especially for arid and 
semi-arid regions which are faced with irregular 
rainfall, water scarcity, and extreme change in 
land use due to population growth.13 The effective 
stewardship of water resources is under the pressure 
of variation in seasonal streamflow along with an 
increase in competition of water demands by the 
growing population. So, for the management of the 
agricultural watershed, prediction and evaluation 
are necessary for the stream flow also sustainable 
development in the sector of water resources, and 
further study of watersheds is important for the 
preparation of an adaptation strategy for climate 
changes in watersheds.14

The parameters which are comparing are surface 
Changeable, such as Temperature, Precipitation, and 
wind. Geographic Information Systems and (GIS) 
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Remote Sensing (RS) Over the past few decades,  
have been using as an impressive tool for climate 
change analyses and adaptation. The major focus  
of Remote Sensing applications in hydrology 
includes the estimation of hydro-metrological states 
((LULC)  land use/land cover, surface temperature, 
water quality, soil moisture, surface roughness, and 
snow cover), fluxes such as evapotranspiration that 
can influence hydrologic processes.15,16 The spatial 
representation of complex hydrologic and hydraulic 
structures can be achieved by using GIS. It is 
proposed to undertake a study on the application  
of a distributed hydrologic model (SWAT) along 
with RS and GIS techniques.17 Estimation of runoff, 
sediment and amount of water is necessary for 
practical problems in watershed management. 
Hydrological modeling is a mathematical depiction 
of natural processes that primarily affect the energy 
and water balances of a watershed, utilized for 
comprehending the hydrology and hydrological 
processes within that watershed.

The models generally use mathematical and 
empirical expressions to define the relationship 
among the model inputs parameters and output 
parameters. SWAT is the most widely used model to 
investigate the problems related to water resources 
and non-point source pollutions across the globe with 
various scales and surround conditions.18

Soil and water assessment tools are a spatial semi-
distributed or continuous and physically established 
hydrological model,19 that is designed to examine 
and predict the water, sediment circulation, and 
production of agriculture by performing long-term 
efficient simulations. Development of the model 
of SWAT is a continuous process and it is the 
advancement of “the Routing Outputs to Outlets” 
(ROTO) and the “Simulator for Water Resources in 
Rural Basins” model (SWRRB). The SWAT model 
splits the entire basin into sub-basins which are 
additional sub-separated toward (HRUs) with single 
land use, vegetation, and soil characteristics.20,21 The 
SWAT model is using daily climate data (precipitation 
data, temperature, solar radiation, relative humidity, 
and wind speed) as inputs and is capable to 
qualify sediment and water circulation, vegetation 
development, and circulation of nutrients. SWAT is 
using SCS- curve number or Green Ampt methods 
to calculate daily surface runoff when sub-daily 
precipitation data are available.22,23

General Circulation Models (GCMs) and Regional 
climatic Models (RCMs) are vital for estimating 
future climatic data based on the RCP scenarios.19,24 

The RCMs are the spatial resolution and are 
improved gears for dynamic downscaling of climate 
geographies for a particular area. This study utilizes 
the Coordinated Regional Climate Downscaling 
Experiment (CORDEX) to deliver regionally 
downscaled climate data from the fifth version of 
the Beijing Climate Centre Climate System Model 
(BCC-CSM1.1) and the Community Climate System 
Model Version 4(CCSM4).25

From the glacier mountain ranges of the Hindukush 
to the Drylands of the South, Afghanistan’s 
ecosystems are not only stunningly beautiful but 
provide crucial services. Afghanistan watersheds 
have significant diversity such as a strong factor  
of formation of fluvial landforms as their active 
part and river waters are the serious life force 
for all people of Afghanistan. In Afghanistan, all 
watersheds, basins, and sub-basins are mostly 
sourced from the melting of snow and glaciers of the 
Hindu Kush and Pamir mountains and flowing since 
steepest gradients towards lowlands. The whole 
volume of water is estimated to be about 150000 m3 
that falls in the mountains.26 The maximum flow in 
Afghanistan melted water Source Rivers happening 
in spring and summer whereas the minimum flow 
is happening in fall and winter when some large 
rivers are dried up totally in recent years. Climate 
researchers have made significant progress in 
considering the global climate system and pattern, 
mostly at global and central scales.26,27 Climate 
investigation is concentrated mainly on accepting 
climate variations above wider collections of period 
and planetary scales. Mitigation is done to climate 
change by using some adaptation techniques or 
strategies. Tolerable management and planning 
of the watershed and water resources for the 
watershed need to evaluate the change under the 
present and predictions for the future climate, and 
the evolution of this multiplication of climate variation 
on the agriculture in the watershed area. It is possible  
to propose suitable adaption methods for a 
supportable plan and management of the agriculture 
of the region built on the Impact consequences.28 
The study emphasizes the investigation of upcoming 
climate conversion effects on the watershed of Chak, 
Afghanistan using CORDEX RCM and the semi-
distributed hydrological model SWAT.
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Materials and Methods
Data that are required to use as inputs to run a 
model in SWAT are, Geospatial data (DEM, soil data, 
land use/land cover data) and Climate information 
(Precipitation, Maximum and Minimum Temperature) 
that are historic and future data. The methodology 
used in the research is shown in table 1.  According 
to methodology, spatial data that is required to be 
collected is the DEM data, Soil data, and Land use/
Land cover data of the Chak Watershed and then 
we could prepare a Slope map from DEM and Soil 
classes map from soil map by using SWAT in GIS 
interface. For this area, the climate model data 
is used and it is obtained from RCM CORDEX – 
South Asia. The CORDEX data is on a 0.5o pulp 
for Afghanistan.29 it includes over 300 shingles, 
which permits a thorough three-dimensional study, 
particularly for the hilly region of Afghanistan.30

The climate data should be clipped and the quantile 
mapping bias correction method applied by using R 
scripts. Then observed data that are collected from a 
rain gauge station that is located in Chak watershed. 
Geospatial data of Chak watershed that are used in 
SWAT model setup and HRUs analysis are DEM, 
Land use/Land cover as well as soil maps. After the 
setup of the model, the model will run for observed 

data with SWAT, and the SWAT model will calculate 
the runoff of the Chak Logar River basin by using 
observed data of the study area, calibration and 
validation are done which shows the SWAT model 
error.31,32 After getting satisfactory results, the model 
is applied to historic climate data, and simulations 
are compared with the observed data.33 Then the 
model is applied to future climate data to predict the 
climate variation impacts on water resources in the 
study area, which includes different watershed units. 
By SWAT Simulation the assessment of climate 
variation impacts is carried out. Considering the 
influences of global climate variation on the water 
resources of the study area, adaptation strategies 
can be suggested for future water consumption 
in agricultural and industrial usage. SWAT in the 
GIS interface has SWAT Project Setup to create 
New SWAT Project in a specific directory created 
for the SWAT project, Watershed Delineator 
to create watersheds, HRU Analysis to create 
hydrological response units, Write Input Tables to 
enter all available climate tables, Edit SWAT Inputs 
to complete input preparation and SWAT Simulation 
option to run the simulation and visualize the results7 
the figure 1 shows the methodology procedure of 
the research.

Fig. 1: Methodology followed in the present study

Data
The data used for the simulation of the water-related 
activities in the river basin are accordingly 1. Digital 
Elevation Model data of 30 m resolution (DEMs), 

2. supervised classified Land use/land cover 30 m 
resolution, 3. Soil data from FAO digital soil map 
with 1:5,000,000 scale, 4. Weather information 
for the historical 2006 to 20018 poised from the 
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Ministry of Water and Energy of Afghanistan,  
5. The Regional Climate Model (RCM) Combination 
of CORDEX South Asia, 6. Beijing Climate Centre 

Climate System Model Version 1.110 (BCC-CSM1.1) 
and Community Climate System Model Version10 
(CCSM4)The details are described in Table 1.

Table 1: Data Description

Sort 	 Format	 Description	 Sources

DEM	 Raster	 30m Resolution	 USGS Web sits
Land use	 Raster	 30m Resolution	 MAIL/AF
Weather Data	 DBF	 Temperature, wind speed,
(3 Local station)		  precipitation, solar radiation,  	 MEW/AF 
		  and relative humidity
Weather Data	 DBF	 Precipitation, Temperature in	 World Climate Research
(13 Global station)		  0.25⁰ X 0.25⁰ Resolution	 Program me (WCRP), 
			   Earth System Grid Federation
			   (ESGF), Centre for Climate 
			   Change Research (CCCR)
Soil	 Raster	 Soil FAO 1:5,000,000 scale	 FAO-UNESCO
Observed Discharge 	 DBF	 Monthly Observed Discharge	 MEW/AF
		  2006-2018

SWAT Model
The hydrological distribution model (SWAT) is 
selected in this research because the model can 
delineate watershed from a DEM and further divide 
it into sub-basins. After creating the sub-basins, the 
model creates multiple hydrological response units 
(HRUs) based on the basin's soil category, land 
use, and terrain conditions.29,34 The model imitations 
that are achieved at HRU ranks are tabloid for the 
representative sub-basins and water is running 
scared to its inter-communicated reaches. The model 
of SWAT specifies the effects of surface runoff, water 
routing, nutrient loading, evapotranspiration, crop 
growth, Agricultural management, and weather.35 

The model’s hydrological module estimates runoff 
individually for each sub-basin in the model, and the 
shallow overflow is projected discretely for individual 
sub-basin and then directed toward measuring the 
overall shallow overflow for the turning point. SWAT 
usages the SCS curve number to compute overflow 
volume since daily rainfall data. The SWAT model is 
widely useful to simulate runoff, nutrient modeling, 
and sediment vintage.20 The data which need as 
input to the model to delineate and represent the 
watershed in SWAT are; DEM, LU/LC, soil map, and 
climate variables which include precipitation, and 
temperature. These variables are executed at the 

HRU level in the bottom equation of mass balance 
is given as follows.29

 	 ...(1)                                                                 

In the above equation final storage is represented by 
St (mm), initial storage is represented by So in a day 
with i (mm), t is shown period of time (days), rainfall is 
shown by Rday (mm/day), surface runoff represented 
Qsurf (mm/day), Ea is that the evapotranspiration in 
the model (mm/day), Wseep is seepage rate for model  
(mm/day) and return flow is represented by Qgw 
(mm/day).36,37

The surface runoff is computed by two different 
methods: one is the Soil Conservation Service (SCS) 
method and second is Ampt and Green penetration 
technique, we used the first technique for this 
research. The equation for explaining the SCS CN2 
is followed by the bottom calculation (2).19 

 	 ...(2)

The SCS curve number technique computing the 
soil’s absorbency, land use and precursor soil water 
situations as function.38
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Watershed Delineation
ArcGIS platform is used for watershed delineation 
in this study, and the Digital Elevation Model 
(DEM) is used to create the drainage for the 
specific watershed area and represent the opening 
area on behalf of its threshold assessment. The 
Chak watershed is manually divided into 14 sub-
watersheds. The land cover Land use and soil 
information are covered so that the rudimentary 
elements of modeling in the result of the Hydrologic 
Response Unit, (HRUs) are adapted. This study is 
described by obtaining completely land-living types 

and soil category getting (100 Hectare) or further  
of sub-basins toward an explanation part of that the 
negligible land-living types and loam category (100 
Hectare of a sub-basin) remained 100 % sub-basin 
areas re-allotted to mainland usages to reproduce 
HRUs response.29

The hydrology response unit parameters in the Chak 
watershed show different models in future periods 
with some differences but snow-fall, snow-melt, and 
precipitation have more than 150 mm increase in 
the future in Fig. 2.

Fig. 2: Annual HRU paramter, All paramater (mm) only SedIment  YLD T/HA

Calibration and Validation 
In the amount of skill and metrology, calibration 
is the assessment of capacity values brought by 
an expedient below examination with individuals 
of a calibration regular of known correctness in 
this procedure, model parameters diverse. Aimed 
at calibration, validation, and doubt investigation 
of the SWAT model SWAT-CUP program is used, 
which SWAT-CUP is open-source software and can 
be used and copied freely.38 SWAT-CUP is aimed 
at calibration, validation, sensitivity, and doubt 
analysis of the SWAT model, it connects to GLUE 
(Generalized Likelihood Uncertainty Estimation), 
ParaSol (Parameter Solution), SUFI2 (Sequential 
Uncertainty Fitting Version 2), MCMC (Markov Chain 
Monto Carlo), PSO (Particle Swarm Optimization) 
algorithms to SWAT model.39 The Sequential 
Uncertainty Fitting Version 2 (SUFI2) has been 
used for this study area because this procedure 
gives local and practical solutions and is easy to 
use and P-Factor is a measure of the degree that 

all uncertainty accounted to be quantified that the 
measure of information percentage bracketed by 95 
Percent of Prediction Uncertainty (95PPU). R-factor 
is an additional amount that counts the asset of 
calibration or uncertainty examination, in which the 
95PPU band average strength is alienated by the 
normal deviation of measured information.10,40

The 95PPU calculated at the growing circulation of a 
production variable that was achieved from the Latin 
Hypercube Sampling technique by 2.5% and 97.5% 
levels and not allowing 5% of bad simulations.41 
P-factor and R-factor values are varied from 0 to 
100% for the p-factor and 0 to infinity for the r-factor, 
while a p-factor of 1 (100%) and r-factor of 0 is 
the ideal situation for simulations corresponding 
to measured data. SUFI2 handles six different 
objective functions; regression coefficient (R2) 
given by Eq. 3 and Nash Sutcliff Efficiency (NSE) 
given by Eq.4 are showing fitting between observed 
and the best simulation values and two other types 
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are showing root mean square errors, bR2 which 
b is the regression line slope between measured 
and best simulation values and Chi-square, bias 
(PBIAS) given by Eq. 5, percentage and Kling-Gupta 
efficiency (KGE) given by Eq. 6 which was used as 
the objective function.20 In the present study, the 
following equations were used to analyze the model 
performance.

 	
...(3)

 	 ...(4)

 	 ...(5)

 	
...(6)

Where the observed data is shown byYobs, the 
simulated output is described by Ysim, the mean of 
observed data is shown with Yobs

mean), and simulated 
productivity mean is represented by Yobs

mean, linear 
regression coefficient among observed and yield 

of simulated data represented by r, simulated and 
observed data output are represented by  σsim sim 
and σobs as a standard.20

The SWAT distribution model was performed by 
applying the predefined parameters and after that 
considered for calibration by applying the SUFI-2 
equation. The organized (HRU) numbers and sub-
basins were 12 and 150, corresponding.42

Several iterations have been made to complete 
the simulated result with the observed information. 
SWAT-CUP offers several different functions. Table 1 
shows the primary and last interval of the calibration 
parameters; the final interval was used accordingly in 
the validation phase without changes. Upon leaving 
the study area, the measuring station was used 
for flow calibration. In the 9-year record, the 2007-
2015 period was considered to be the calibration 
period, and the 2016-2018 period was considered 
for monthly validation. The trend line for the graph 
among the observed and simulated competent 
correlation monthly flow value displays, in Table 2 all 
sensitivities estimate the average of the variations 
resulting from the variations of each parameter.

Table. 2: SWAT fitted parameters and their descriptions

Name of 	 Explanation	 fitting value	 Disparity 
Parameter			   methods

GW_DELAY	 Ground postponement time	 47.265003	 Add
GW_REVAP	 Groundwater Revap coefficient	 0.086690	 Replacement
EPCO	 Plant uptake recompense factor.	 0.958500	 Multiply
ALPHA_BF	 Bae flow alpha factor	 0.767500	 Replacement

GWQMN	 Threshold depth of water in the shallow	 -485.000000	 Add
	 aquifer for return flow to occur
TLAPS	 Temperature lapse rate	 -6.297750	 Replacement
IPET	 potential evaporation equation	 2.000000	 Replacement
TIMP	 Snow pack and temperature lag factor	 0.107500	 Replacement
ESCO	 Soil evaporation compensation factor	 0.958500	 Multiply
SMTMP	 Snow melts base temperature	 3.485000	 Replacement
CN2	 SCS runoff curve number	 -0.072500	 Multiply
SOL_AWC	 Available water capacity	 0.041050	 Multiply
SMFMN	 Minimum snowmelt rate during a year	 1.231250	 Replacement
SMFMX	 Maximum melt rate for snow during the year	 2.071250	 Replacement
SFTMP	 Snowfall temperature	 -3.935000	 Replacement
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In table 2 all sensitivities estimate the average of the  
variations resulting from the variations of each 
parameter in the objective function, while all the 
parameters are changing and this will give a relative 
sensitivity based on the linear approximation. The 
state t provides a measure of sensitivity, which means 

that a more sensitive value has a high absolute  
value. The P values define the meaning of sensitivity, 
it means that the meaning of values close to zero 
is more than others. Figure 3 shows the sensitivity 
analysis of the Chak basin.

Fig. 3: Shows that monthly stream-flow variation in calibration and validation period of times for 
both Observed and Simulated values, in which the calibration period from Jan 2007 to Dec 2015 

and the Validation period from Jan 2016 to Dec 2018.

The hydrograph and geometric pointers during 
validation and calibration are given into Table 3, 
Correspondence. That can be view the model of SWAT  
consistently underestimating peak flows in calibration 
while overestimating them in validation. The elevated 

validation estimates might reflect the possibility that 
water infiltrating deeply into the aquifer was excluded 
from the model simulation. The following table provides 
calibration and validation statistics comparing 
average monthly simulated and gauged flows. 

Table 3: Average monthly simulated and gauged flow calibration and validation statistics

Statistical Parameters	 KGE	 NSE	 R2	 PBIAS

Calibration Period	 0.56	 0.59	 0.87	 -2
Validation Period	 0.40	 0.76	 0.93	 1.8

To assess climate change, the analysis of the long-term trend (29 years) of variables such as  
(flow-flow, precipitation and temperature) was performed by applying the Mann-Kendall adapted 
location test and the orientation range was measured, using Sen's pending evaluator.

Sensitivity Analysis
This analysis was taken a historical period of time  
for 12 years and available parameters for that period 
are 15. These subtle parameters were measured 
for model calibration.33 The residual parameters  
had no substantial result on runoff or overflow 

imitations. Variations on that standards don’t reason 
major variations in that the production of model.  
In sensitivity investigation consequences are exposed  
in Figure.4 Current calibration stood done for 9 years, 
since 2007-2015. Descriptions of some parameters 
in sensitive analysis represented in Figure. 4.
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Results
Temperature Analysis
The maximum and minimum temperature variation 
as shown in Figures below as 1.8⁰C to 2.2⁰C

The maximum and minimum temperature variation 
as shown in Figure. 5 and Figure. 6.as 1.8⁰C to 2.2⁰C  
The RCM (2022–2050) linear trend of the monthly 
temperature, stream-flow, and rainfall for RCP 
4.5 and RCP 8.5 states, correspondingly with 
reference toward baseline period, the yearly average 
temperature increased by 2.2⁰ C established on 
RCP 4.5 and RCP 8.5 states, respectively. For that  

the baseline period (2007–2018) and RCM (2022–
2050) RCP 4.5 and RCP 8.5 scenario. The model 
evaluation for simulated monthly climate data 
output of baseline (2006–2018) and future data 
BCC-CSM1.1 and CCSM4 models (2022–2050) 
remained used to route the model. The maximum 
yearly temperature is 32⁰C in the baseline period 
and the maximum annual temperature in the future 
is predicted as 29.8⁰C in July, the minimum annual 
temperature in the baseline model is -4.4⁰C, and 
modeled minimum annual temperature in the future 
is predicted -6.8⁰C in January.

Fig. 4: Analysis of Sensitivity

Fig. 5: Monthly Minimum Temperature(C⁰). Fig. 6: Monthly Maximum Temperature(C⁰) 

Precipitation Analysis
By the end of March melting of the snow starts and 
the rainy season is coming, it can be observed in 
(RCP) models shown in Figure. 7.

The amount of precipitation in the baseline period 
increased in both scenarios from 50 mm to 138 mm  

in Mar, Apr, May, and July, also the amount of precip- 
itation in Feb is decreased due to the geographic 
location of the Chak watershed located in the snow 
region. by the end of March melting of the snow starts 
and the rainy season is coming, it can be observed 
in (RCP) models shown in fig.7.
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Stream Flow Analysis  
The stream-flow increases from Feb to Jun as 50 
cum to 200 cum shown in Figure. 8.

Long-term variations in monthly stream flow are 
observed. the stream-flow increases from Feb to 

Jun as 50 cum to 200 cum shown in Figure. 8 It is 
all because after Feb, the warm season starts, and 
snow melts slowly, the snow effect the water balance 
and stream-flow, in the same time the rainy season 
is observed in Chak watershed area.

Fig. 7: Monthly Precipitation (mm)

Fig. 8: Monthly Stream-flow (cum)

By the seasonal analysis for the Chak watershed,  
repesents in the Figure. 9, Figure. 10, Figure. 11 and 
Figure12 shows the precipitation as below.

By the seasonal analysis for the Chak watershed, 
Figure. 9. represents the precipitation in winter 
and spring seasons are the rainiest, different 
models predicted the different values, but all show 
that precipitation is increasing in the upcoming 
associated with the baseline historical period. 

The Figure. 10. shows the minimum Temperature 
in the winter season is the minimum for all four 
models predicting that it is decreasing from -4.4oC 
to -6.8 oC. The Figure. 11. represents the maximum 
temperature in the summer season is maximum 
in the Chak watershed area and the maximum 
temperature is 32 oC predicted by models. Figure. 12.  
shows the seasonally stream-flow variations, which 
the spring season is the have more stream-flow, 
461cum.
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Fig. 9: Seasonal precipitation (mm) Fig. 10: Seasonal Minimum Temperature(oC)

Fig. 11: Seasonal Maximum Temparature(oC) Fig. 12: Seasonal Stream-flow(cum)

Conclusion
The results from the model show that there is an 
increase in stream flow in Chak water shed, the 
precipitation was found to be increasing at the rate 
of 50 mm to 200 mm monthly per period 2022-2050 
from both (RCP 4.5 and RCP 8.5) scenarios, as 
the amount of precipitation in the baseline period 
increased in both scenarios from 50 mm to 138 
mm in Mar, Apr, May, and July, also the amount 
of precipitation in Feb is decreased due to the 
geographic location of the Chak watershed located 
in the snow region, so by the end of March snow 
melting starts and the rainy season is coming. 
Forecast to be a reduction in the average yearly 
temperature of 2.7 °C, and a growth in the average 
monthly stream flow of 48.1cum to 150 cum from 
2022 to 2050 under both (RCP 4.5 and RCP 8.5) 
scenarios. The Modeling outcomes show that these 
will principal to substantial changes in the basin's 
water balance and hydrological regime.

Due to the climate change impact, snow melt 
contributes to an increase in annual discharge of up  
to 91 % at the outlet of the basin and it will help to 

make floods, degradation of agricultural lands, in 
some cases losses of irrigation constructions and it 
will also help to destruct water main infrastructures 
and facilities located along in the Chak watershed.

As for the current literatures in Kabul River basin 
this is the first research using the SWAT model for 
the prediction of stream-flows under climate change 
scenarios in the Chak watershed. The impact on 
agriculture production, irrigation and urban society 
is very much required for understanding the effect 
of global climate variation on the hydrological effect 
of the mentioned area.
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