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Abstract. Many of Pakistan's watersheds are facing challenges related to 
both water quality and availability, primarily due to changes in precipi-
tation and temperature. This has prompted the need for revisions in man-
agement strategies. This research seeks to assess water security in north-
ern Pakistan within the framework of anthropogenic climate change. The 
Kunhar River Basin (KRB), one of the biggest rivers in the region, was 
the subject of an analysis of the effects of Using Study how runoff is 
affected by climate change with the Soils and Waters Assessment Tool 
(SWAT).. Six general circulation models (GCMs), after bias correction, 
were used under two distinct emission possibilities for pathologies soci-
oeconomically shared (SSPs). Nash-Sutcliffe effectiveness (NSE), per-
centage bias (PBIAS), and correlation coefficients (R2) were used to as-
sess the model's performance, and the results showed that it performed 
better than 0.75. The results show that runoff in the KRB is well repre-
sented by the SWAT model at both the monthly and daily periods. The 
SSP2-4.5 and SSP5-8.5 scenarios predict an average annual increase in 
precipitation of 3.08% and 5.86%, respectively, over the 1980–2015 
baseline.. It is also anticipated that daily high temperatures would in-
crease by 2.08°C to 3.07°C, while average daily low temperatures are 
projected to increase by 2.09°C to 3.39°C from 2020 to 2099. As a result, 
annual runoff is projected to grow by 5.47% and 7.60% under the two 
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SSP scenarios, ensuring adequate water availability for future socioeco-
nomic development. 

Keywords: Climate change; Climate projections;  Hydropower development; 
Kunhar River Basin; SWAT model; Trend analysis. 

1 Introduction 

Floods are occurring more frequently in the lower Indus basin because river flows 
there correspond with the summer and rainy seasons, especially in Pakistan's Sindh 
region [1].  The impact of global warming on water availability must be continuously 
monitored and overseen in order to implement hydrological structures [2]. The pre-
dicted rise in global temperature may have an effect on hydrological cycles, which 
could cause disturbances to the current hydrological system [3]. The sixth assessment 
report from the IPCC presents a dire warning, stating that only considerable reductions 
in carbon emissions from this point forward can avert a worldwide environmental ca-
tastrophe should the world's temperature rise by 1.5 °C over the following two decades. 
2020's Siberian heat wave and the Asian heat wave of 2016 might not have occurred if 
the world hadn't burnt through so much fossil fuel. [4]. The air can create roughly 4% 
more water for every degree Celsius of temperature rise, which can lead to heavy rains 
[5]. 

Pakistan was ranked as one of the top ten countries most susceptible to climate change 
by German Watch. (2019–20 Pakistan Economic Survey).The main cause of floods is 
heavy rainfall which increases the intensity of climate change. Pakistan's water re-
sources managers and policymakers face a great deal of challenge as a result of the 
country's water problems [6]. In 1952, Pakistan's yearly water supply was 5,050 m3, 
but by 2006, it had dropped to 1,100 m3[7].  Because of the  climate change, regional 
and temporal flow variability in the system is expected to vary, which will have a severe 
impact on the efficiency of these projects' costs [8]. 

The current study's focus, the River Kunhar, is a significant northern Pakistani catch-
ment that supplies food to the country's agricultural and residential sectors. Babur et al. 
(2016) examined the KRB, tributary in Mangla River that provides water for five hy-
dropower plants (HPPs) using a SWAT model.Among these, one is in the operational 
phase, while the remaining four are run-of-river HPPs in various stages of planning and 
construction [9]. Under both RCP 4.5 and RCP 8.5 scenarios, the mean annual flow 
exhibited an increase, with the winter and spring seeing the highest inflow and the sum-
mer and fall seeing the lowest.Three runoff river dams on the River Kunhar are in the 
planning stage, one is being built (883 MW Suki Kinari HPP), and the other is in oper-
ation (147 MW Patrind HPP). River Kunhar offers enormous possibilities for irrigation 
and power generation. Azim et al., 2016) [10] conducted a study on sediment movement 
in the Kunhar river basin, but few research have evaluated how climate change is af-
fecting runoff. Shah and Ali, 2015 [11], Mahmood et al., 2016 [12]; Haseeb Akbar, 
2020 [13]. Ali and Shah (2015) [11] used a snowmelt-runoff model to assess the basin 
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of the Kunhar River (KRB). They found that by the turn of the twenty-first century, 
there has been recorded increases in temperature of 2°C, rainfall of 20%, and discharge 
volume of 27%. The mean temperature series rises in the spring, falls in the warmer 
months of summer, and rises in the cooler months of fall and winter [9]. Hydrologic 
models, according to Weghost (1996) [14], Mukhopadyay (2015) [15], Lv, Z. et al. 
(2020) [16], Adnaan, M., et al. (2017) [17], and Musiee et al. (2020) [18], are essential 
for effective water resource management. (2017) Reggiani et al. [19] distinguished be-
tween hydrological models that are temperature- and energy-based, each of which 
needs a separate set of data to be used in simulationsRCP scenarios outperform SRES 
scenarios in terms of resolution and remove many of the latter's drawbacks.[20].  Given 
the current literature gap and the importance of this research in relation to various Sus-
tainable Development Goals (SDGs), the objectives of this study is to investigate how 
the most recent CMIP6 scenarios would affect streamflow in  KRB in northern Pakistan 
due to climate change. Potential repercussions of worldwide warming on water re-
sources were evaluated utilizing the Water and Soil Evaluation Tool (SWAT), which 
included outputs from the CORDEX-South Asia climate model for both high-level 
(SSP5-8.5) and mid-range (SSP2-4.5) scenarios. 

2 Data and Methodology: Study Area and Data: 

Kunhar watershed is situated in northern Pakistan and covers an area of 2650 km2 be-
tween 34.2° and 35.1° North and 73.3° and 74.1° East. Babosar Lake is the source of 
the River Kunhar, which flows to Mangla Reservoir before joining the Neelam River 
in Muzaffarabad (figure 1a). The largest tributary of the Kunhar River is 166 miles 
long, with its lowest point being 642 meters above sea level in the watershed, on the 
other hand 5106 meters its highest point is above sea level. elevation point.  Originating 
from Lulusar Lake in the Kaghan Valley, the river traverses Bata Kondi, Jalkand, Ka-
ghan, Naran, Balakot, Kawai, and Garhi Habibullah before ultimately meeting the Jhe-
lum River near Rara. A prominent soil type known as leptosol medium (swat database 
code 3712) covers 75% of the basin, Combisole fine (swat code 3673) and Combisol 
medium (swat code 3672) make up 10% of the basin, and glaciers (swat code 6998) 
cover 5% of the basin. The soil types are shown in Figure 1(d). Just 3% of the basin's 
surface is covered by slopes ranging from 0 to 10%, whereas 42% is covered by slopes 
ranging from 30 to 60%. The Kunhar River's annual mean flow, as determined by the 
Ghari Habibullah stream gauge, was 102.6 m3/s. The climate data were collected from 
three meteorological stations: Narran, Balakot, and Muzaffarabad (table 1Until October 
2020, the KBR's LULC is made up of a variety of ecosystems. To name a few, these 
are grazing, forested, snowy, and agricultural. (Figure 1c).  
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Fig. 1. Data inputs from SWAT. Area map (a), DEM (b), and LULC (c) (d) The KRB's soil 
classifications. 
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Table 1. KBR meteorological and hydrological data. 

Station Lat. 
(◦) 

Long. (◦) Altitude (m) Record 
Duration 

Data Source 

Hydrological 
stations 

     

Shoran, Muzzaf-
farabad 

34.3 73.4 704 1971-2020 K-Water/ 
PMD 

Meteorological 
stations 

     

Balakot 34.5 73.3 995 1971-2020 PMD 

Muzzaffarabad 34.3 73.4 704 1971-2020 PMD 

Naran 34.8 73.6 2422 1971-2020 PMD 

 
2.1 Acquisition of Climate Data 

 
To be employed, the SWAT model needs a DEM, a soil map, a land use/cover 
(LULC) map, and climatic data.ArcMAP10.3.1: The SRTM DEM (Shuttle Ra-
dar Topography Mission Digital Elevation Model) (figure 2b), which has spatial 
. The watershed of the KRB was delineated using a resolution of 30 x 30 m (Arc 
SWAT and its extensions are freely available from the website of the USDA-
ARS). (https://swat.tamu.edu/software/arcswat/). Data about LULC was gath-
ered from the ESRI. (Environmental Systems Research Institute) LULC data-
base having spatial resolution of 10 x 10 m. The FAO World Data about soil 
was compiled using Soil Digital Map. Pakistan Meteorological Department 
(PMD) and Water and Power Development Authority (WAPDA) provided the 
daily climate statistics used to create the weather forecasts daily basis from 1961 
to 2020 includes the highest (Tmax) and lowest temperatures (Tmin), precipita-
tion observed at the Shoran station at two weather stations (Naran and Balakot), 
as well as flow discharge at Patrind Dam. Figure 2 shows the historical data from 
1960 to 2020. 
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Fig. 2. Average year-over-year variations in KRB the Kunhar watershed's average monthly tem-
perature over three meteorological stations, a) monthly PPT on average, b) monthly flow on av-
erage, c) the average annual flow changes over 60 years, and d) average monthly temperature. 

2.2 Climate data collection 

This study utilized the SWAT model and six downscaled, bias-corrected Gen-
eral Circulation Models (GCMs) to investigate how climate change affects the 
KRB's discharge. During the investigation, two Shared Socioeconomic Pathway 
(SSP) SSP2-4.5 and SSP5-8.5 situations were taken into account. Predicted cli-
mate data was obtained using nine general circulation models. Projections from 
the Earth System Grid Federation (ESGF) and the Climate Change Knowledge 
Portal (CCKP) were analyzed to determine how precipitation, maximum, and 
minimum temperatures will change over the next decades. Data extraction was 
followed by bias adjustment for the future. For bias correction, the CMhyd soft-
ware used the linear scaling (L.S) approach. Equations 1 and 2 contain the equa-
tions for the ppt's bias correction. Equations 3 and 4 also serve as mathematical 
models for the correction of temperature bias. Several climate studies (Akbar 
and Ghewala 2020[21], Lafoon et al. 2013 [22]) have effectively employed this 
methodology.  
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Precipitation 
P+h=Ph(d)am(P_ob (ⅆ))/am(P_h (d))      (1)  
P+f=Pf(d)am(P_ob (ⅆ))/am(P_h (d))   (2)  
Temperature  
T+h = Th(d) + am (Tob(d)) – am (Th(d) (3) 
 T+f = Tf(d) + am (Tob(d)) – am (Th(d) (4)  
Where P depicts precipitation, T symbolizes temp; h = historical; ob is used for 
observational The bias-corrected data is shown as run, f=future run, a = average, 
d = day, m = monthly,, +. 
 

Fig. 3. An illustration of the methodology used in this study. 

2.3 SWAT Model 

The initial goal of SWAT, a physical-based continuous-time model based on 
river basin and semi-distributed processes, was to predict the long-term impacts 
of land-use management practices and climate change on water, agricultural 
chemical outputs, and sediments in composite river basins ranging in size from 
moderate to large ([23], [24]). Watersheds are divided by SWAT into smaller 
simulated regions known as hydrological response units (HRUs) according to 
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the types of soil, slope classes, and land uses. Through the solution of the water 
balance equation, which takes into account daily variables including percolation, 
precipitation, evapotranspiration, runoff, and return flow, the model forecasts 
hydrology for each Hydrological Response Unit (HRU). Two methods are used 
by the model to forecast surface runoff: The methods that are being discussed 
are (a) Green and Ampt and (b) Natural Resources Conservation Service Curve 
Number (CN) method. To predict the percolation over each soil layer, storage 
routing methods are used with a crack-flow model. To calculate the flow routing 
in river channels, the Muskingum method, also known as the adjustable storage 
coefficient methodology, is utilized ([23],[24]). The conceptual foundation for 
the model's application is the water balance equation [25].  

𝑆𝑊௧ = 𝑆𝑊 + ൫𝑅ௗ௬ − 𝑄௦௨ − 𝐸 − 𝑊௦ು
− 𝑄௪൯                 



ୀଵ

 

In this scenario, Wseep denotes the depth of soil flow on day i, Qgw denotes the depth 
of groundwater runoff on day i, Rday denotes Day I precipitation, Day II surface runoff 
I is shown by Qsurf. Ea stands for evapotranspiration on day i, and t denotes time. Milli-
meters are used to measure water, whereas days are used to measure time………….  

 
2.4 CONFIGURATION OF THE MODEL 

The following procedures were engaged in creating the SWAT model: (i) Developing 
DEM, delineating watersheds and sub-watersheds; (ii) Analyzing Hydrological Response 
Units (HRUs) and elevation bands; (iii) creating a map of the soil; (iv) running the model 
and setting its parameters; and (v) Conducting calibration, validation, and uncertainty 
analysis. (Figure 4). The SWAT model at Shoran station was installed using the same 
methodology that proved successful In past studies (Ahmed et al. 2012 [26]; 2013 
Reh¬man et al. [27]; 2014 Haguma et al. [28]; 2014 P.J.Y and R.A.Km [29]; 2019 
Koycigiz and Buy¬okyildiz [30]; 2019 Shange et al. [31]; Haidar et al. 2020[32]; Musiee 
et al. 2020 [18]). The SWAT model simulates two key phases of the hydrological process: 
runoff generation and overland flow concentration. In this study, the Kunhar River Basin 
(KRB) was divided into 277 hydrological response units ((HRUs), as well as twenty-
three sub-basins analysis. 
 

2.5 General Circulation Models and Climate Change Scenarios  

After comprehensive literature review and applicability of CMIP6 in Pakistan [33, 34], 
six CMIP6 global climate models were based on their spatial resolution, the following 
datasets were chosen for comparison in this study: : cams-csm1-0, cnrm-esm2-1, ec-
earth3-veg, mri-esm2-0, fgoals-f3, ukesm1-0-ll; two SSP emission scenarios were used 
to model potential discharge in the future: SSP2-4.5 and SSP5-8.5. The model's name 
and key characteristics are listed in Table 2. The representative concentration pathways 
(RCPs) for CMIP5 are replaced by shared socioeconomic pathways (SSPs).  
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The primary difference between SSPs and RCPs is the combined trajectories for gaseous 
emissions, such as carbon dioxide. 
 

Table 2. Details of the six GCMs used in CMIP6. 

 

3 Results and Discussion  

3.1 Sensitivity Analysis of Variable Parameters  

Hydrological model applicability can be tested, and parameter sensitivities examined 
with the use of SWAT-CUP's SUFI-2 algorithm. Based on the literature [32], [35], [36] 
Thirteen of the most sensitive parameters were found using SWAT-CUP and are included 
in the Table 3. Model parameters were tuned by repeated simulations employing the 
SUFI-2 technique in order to attain optimal outcomes. For this, we employ the t- data and 
corresponding p-value indicating that SUFI-2 method generates. The parameters may be 
more sensitive if the t-Stat value is higher. The p-value indicates the significance of sen-
sitivity. The significance of the sensitivity increases as the p-value approaches 0 (Table 
3) [35, 37]. 

Sr.
No 

GCM Country Institution Resolution 

1 Cams-
csm1-0. 

China Beijing's Chinese 
Academy of Atmospheric 
Studies 

1.1o x 
1.1o 

2 cnrm-esm2-
1 

France The Center for Na-
tional Meteorological 
Research  

(CNRM) 

      0.5o 
x 0.5o 

 
3 

ec-earth3-
veg 

Sweden  EC-Earth consor-
tium, Rossby Center, , 
Sweden 

      0.7o 
x 0.7o 

4 fgoals-g3 China Academy of Sci-
ences in China, Bei-
jing, China 

     1.3o x 
1.0o 

5 Mri-esm2-0. 
 

Japan Japan's Meteorol-
ogy Research Center 
(MRI) is located in 
Tsukuba, Ibaraki 

     1.1o x 
1.1o 

6 Ukesm1-0-
ll. 

UK Exeter, UK's Met. 
Office Hadley Center 

 

      1.9o 
x 1.3o 
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Table 3. Variety for delicate parameters in the discharge process for model calibration.. 

Nu
m 

Parameters 
    De-

scription 
t-

Stat 
p-

Value 

Valu
e Ad-
justed 

  Max & 
MinValue 

1 v_ESCO.hru 

Factor for 
Soil Evapo-
ration Com-
pensation 

-
13.8
9 

0.01
5 

0.851 0.8 – 1 

2 v_CH_N2.rte 

For the 
channel of 
communica-
tion, the 
Manning n 
coefficient 

-
4.12
5 

0.02
1 

0.112 0 - 0.3 

3 
v_SLSUBBSN.h

ru 
Median 

slope length  

-
4.05
2 

0.05
5 

49.51 10 - 150 

4 
v_GW_DELAY.

gw 
Ground-

water delay  

-
1.63
2 

0.07
0 

115.8
5 

0 - 500 

5 
v_ALPHA_BF.g

w 

Base 
flow's alpha 
factor 

-
1.56
2 

0.07
3 

0.44 0 – 1 

6 v_SMFMX.bsn 
Snow-

melt factor  

-
1.58
5 

0.07
8 

4.21 0 – 20 

7 v_CH_K2.rte 

Hydro-
static con-
ductance of 
the main 
conduit  

-
1.52
3 

0.11
5 

25.65 5 - 130 

8 v_GWQMN.gw 

The mini-
mum depth 
of water re-
quired for 
the return 
flow in a 
shallow aq-
uifer 

-
1.46
6 

0.11
8 

1800 0 - 5000 

9 v_SMTMP.bsn 

Warmth 
of the snow's 
base dissolv-
ing 

-
1.43
2 

0.12
5 

9.85 −20 - 20 

1
0 

r_SOL_K (1).sol 
  Hydrau-

lic soil satu-
ration  

-
1.36
5 

0.14
6 

0.65 -0.8 – 0.8 

1
1 

r_SOL_AWC 
(1).sol 

The abil-
ity of the top 
layer of soil 
to retain wa-
ter  

-
0.88
5 

0.32
2 

-0.11 -0.2 – 0.4 
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3.2 SWAT Model Applicability Analysis.  

The accuracy of the hydrological models was assessed using a R2 statistic, % distortion 
(PBIAS), or Nash-Sutcliffe productivity (NSE). The extent of the relationship between 
the model and observed data is shown by the R2, or degree of correlation. The level of 
conformity among the predicted and reality lines is displayed by the NSE. Less inaccu-
racy is shown by higher R2 and NSE numbers (which vary from 0 to 1). Both the usual 
slope of the simulated flows and the typical percentage variation between the simulated 
and actual flows are shown by the PBIAS. A positive number indicates an underestima-
tion and a negative value indicates an overestimation; the permissible range for PBIAS 
values is -15% to 15%. (Gheewala and Akbar, 2020 [38]). NSE is used to assess how 
well a model replicates patterns in a significant output response over time that have been 
observed [39]. 

NSE = 1 −
∑ (ொ.ିொೞ,)మ

సబ

∑ (ொ,ିொ,)మ
సభ

൨ 

Pbias =
∑ (ொ,ିொೞ,)

సబ

∑ ொ,

సబ

൨ ∗ 100 

R2  = 
∑ (ொ,ିொ,)(ொೞ,ିொೞ,)

సభ

ට∑ (ொ,ିொ,)మ 
సభ  ට∑ (ொೞ,ିொೞ,)మ

సభ

 

The value "n" in equations 2, 3, and 4 refers to the total quantity of observed and simulated 
pairings. Specifically, 𝑄o represents the observed flow, 𝑄s the simulated flow, 𝑄o,m the average 
observed flow, and 𝑄s,m the simulated average flow. The observed and anticipated discharges 
during the calibration (1990-2010) and validation (2011-2020) phases show good correlation, as 
shown by the daily and monthly time series plots (Figures 4). Using flow duration curves—which 
can be generated from simulated or observed data using hydrologic models—high, medium, and 
low flow rates are comparable [40]. Figure 6 displays the daily and monthly discharge curves 
representing the flow time for the base period 1990 to 2020 respectively.  There is a good match 
between the predicted and actual daily discharge, but there are instances where either too exces-
sive or insufficient for peak discharges. The daily and monthly flow duration curve in Figure 6 
(a,b) demonstrates that most of the high flows ( >100 m3/s) were over-simulated. Most of the 
small flows are underestimated. Table 4 provides an overview of the important performance met-
rics derived from the daily and monthly discharge simulation results of the SWAT model. The 
equivalent R2 values for the daily discharge simulation are 0.88 and 0.90, and for both the cali-
bration and validation periods, the NSE values are more than 0.75.. In comparison to the daily 

1
2 

v_GW_REVAP.
gw 

Ground-
water re 
evaporation 
coefficient 

-
0.75
6 

0.53
9 

0.098 0 - 0.2 

1
3 

r_CN2.mgt 
Curve 

number  

-
0.65
2 

0.60
1 

-
0.172 

-0.2 – 0.2 
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discharge simulation, the NSE, R2, and KGE values of the SWAT model are much greater for 
the monthly discharge simulation. 

Table 4. The calibration and validation performance indicators of the SWAT model 

Fig. 4. Daily discharge during the calibration and validation periods compared to the simulated 
values. 

3.3 Future Temperature and Rainfall Projections 

Rainfall variability is a good indication of climate change because it has an immediate 
influence on the procedure of runoff and the hydrological cycle [41]. For the reference 
period, the average annual rainfall was 1597.20 mm. The results for SSP2-4.5 and 
SSP5-8.5 in relation to the baseline are displayed in Figure 7. More than half of the 

Temporal Scale Period NSE R2 PBIAS 
Daily Calibration 0.80 0.80 -6.53 
 Validation 0.81 0.82 -6.33 
Monthly Calibration 0.82 0.81 -6.08 
 Validation 0.83 0.83 -6.73 
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GCMs indicate an increase in precipitation under the SSP2-4.5 emission situation, with 
projections that vary from a low of -9.23% to a high of 21.12% for the years 2021–
2099. The range of predicted values for precipitation increases for the The lowest pre-
dicted number for the SSP5-8.5 emission scenario is -10.45%. The emission scenario 
is (-0.354%, 11.254%) and the largest rise being 24.63% across all GCMs. Although it 
does show an upward tendency, the average amount of precipitation each year in the 
KRB differs very little amongst SSP scenarios (Figure 9). Six GCMs were used to sim-
ulate monthly increases in precipitation for the two SSPs scenarios in order to assess 
near, mid, and long-term projections. The percentage changes in precipitation for the 
short, mid, and long term across all six General Circulation Models (GCMs) are shown 
in Figure 8. Under SSP 2-4.5 emission circumstances, there would be a 50% decrease 
in the early fall season and rises of up to 28% in the mid-future and 40% for the early 
monsoon season in the far-future, precipitation increases dramatically in warm weather 
and in the late autumn when utilizing CAMS-CSM1-0. Though the hot time is expected 
to reduce by 39% according to CAMS-CSM1-0 over the long future and a In the early 
forecast era, there was a 45% increase. The SSP5-8.5 emissions scenario, early mon-
soon precipitation is projected to increase by 45% in the near future. For the mid and 
distant future, climate models such as MRI-ESM2-0, MIROC6, and UKESML-0-LL 
predict a 35% increase in warm weather. These changes are within the SSP5-8.5 sce-
nario framework. Watershed data suggests that we can expect an increased snowfall 
during the winter months and a rise in the quantity and severity of wet precipitation 
throughout the rainy season [42]. Annual maximum temperatures average 20.63 oC, 
while low temperatures average 12.19 oC for the baseline. The comparison examines 
the differences in the annual mean high and low air temperatures for the baseline period 
of 1990-2020 under the two SSPs emission scenarios (Figure 8). Future projections 
indicate that the KRB's mean temperature will rise noticeably. Over the coming dec-
ades, all six GCMs predict an increase in the lowest and most extreme air temperatures. 
(Figure 8). The maximum air temperature will rise by an 2.09°C on average, with a 
1.39°C range to 2.83°C, under SSP2-4.5 emission scenario, whereas the maximum air 
temperature would rise by 3.07°C under the SSP5-8.5 emission scenario, ranging from 
1.60°C to 4.15°C. Temperature and precipitation records indicate that the Kunhar River 
Basin (KRB) is expected to continue experiencing hot, humid hydrothermal conditions 
in the future. 
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Fig. 5. Catchment flow duration curves on a) Daily basis. b) Monthly Basis. 

3.4 The effects of climate change on runoff. 

The Kunhar River Basin projected seasonal and annual streamflow was compared to 
the historical period. Forecasted annual flow percentage changes (Figure 11)  by all six 
The discharge is expected to grow by an average of 5.42%, according to GCMs. and 
(Under the SSP2-4.5 emissions scenario, 25% to 75% of the values from all GCMs are 
projected to range between 1.90% and 9.04%, with an average value of 7.60%. Mean-
while, for the SSP5-8.5 scenario, 25% to 75% of values will fall between 1.51% and 
13.08%. Figure 12 illustrates the average monthly and seasonal variability in runoff for 
the Kunhar River Basin (KRB) from 2021 to 2099. Under the SSP2-4.5 emission sce-
nario, the peak monthly discharge values vary from 368.74 m3/s in 2099 to 271.22 m3/s 
in 2059, with 2099 having the largest runoff. With the SSP5-8.5 emission scenario, the 
average monthly maximum runoff increases to 387.54 m3/s in (2020–2039). Compared 
to baseline, it's more likely that the ec-earth3-veg model will anticipate higher winter 
and spring flows than a significant decrease in summer flows. 
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Fig. 6. The boxplot displays the percentage changes in SSP2-4.5 and SSP5-8.5 precipitation 
across six different GCMs in comparison to the baseline period. 

Regarding the SSP2-4.5 emission case, CAMS-CSM1-0 projected future rises of up to 
41.70%, and for the SSP5-8.5 scenario, up to 43.92%. The peak flow was found to be 
shifting to early summer in ec-earth3-veg, mri-esm2-0, and CAMS-CSM1-0, whereas 
it appeared to be shifting June through July and August in fgoals-g3. Ultimately, in all 
reliable approximations, the rates of increase in flows surpass the rates of reduction. 
Flood levels in the KRB may rise significantly in the future compared to previous times, 
figures 9 and 10.  show the average annual streamflow fluctuations by climate change 
for the KRB. The yearly runoff is expected to increase by 10% Under the SSP2-4.5 
conditions and by 19.50% in the SSP5-8.5 scenario. By the middle of the century, 
yearly runoff falls by 11% in the SSP2-4.5 scenarios and increases by 11.5% in the 
SSP5-8.5 scenarios. Discussion TIt is discovered that the flow forecasts for the climate 
conditions are sensitive to the parameters of the climate forecast and modeling, indicat-
ing the value of cross-referencing our findings with those of previous studies conducted 
in the same basin. Earlier research thus turned out to be the most beneficial for our 
investigation. With the use of distinct hydrological models and climatic data, each study 
produced wildly disparate future projections. Baber et al. (2016) [9] showed that river 
flows are highest in the spring and lowest in the winter. Mahmod et al. (2016) [43], 
however, found an opposite tendency while examining the yearly mean flow through-
out various seasons. Ghulam Nabi et al. (2022) [44] forecast the average flow annually 
at Ghari Habibullah will increase between 2021 and 2040, decrease between 2041 and 
2070, and then increase again between 2071 and 2099. Our findings more closely re-
semble those of Ghulam Nabi and colleagues (2022)[44]  nevertheless, we utilized 
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CMIP6 models, which offer enhanced representation of physical, chemical, and bio-
logical processes and greater spatial resolution compared to the CMIP5 models 
(Stouffer et al. 2017; Zhu & Yang 2020) [45].  It is challenging to forecast future mod-
ifications in the flow regime because varying research has different baseline periods. 
While Mahmod et al. (2016) [43] revealed that the baseline flow (25 m3/s) would vary 
by 2%, 11%, and 2% in the near, medium, and far futures, respectively. Babar et al. 
(2016) [9] predicted that baseline flow (26 m3/s) would increase by 44.12%, 69.11%, 
and 110.9% in the futures—near, medium, and far for the RCP 8.5 scenario. The spe-
cifics of the climate data and calibration parameters used to create hydrological model 
projections are crucial. In the near, mid, and far future times, correspondingly, by mri-
esm2-0, the highest percent change in winter flows was found to be 76.56, 77.24, 61.28, 
and 29.50 by our research under the SSP2-4.5 emission scenario. In contrast, the emis-
sion scenario for SSP5-8.5 reflects 10.22, 3.56, 24.67, and 51.44 percent modifications 
for corresponding future winter flows. 
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Fig. 7. The anticipated change (% change, y-axis) in yearly precipitation between 2021 and 2099. 



 

 
 

Fig. 8. The temperature variations of nine GCMs are displayed in the box plot under SSP2-4.5 
and SSP5-8.5, respectively, for the maximum and lowest temperatures. 

 

Fig. 9. Average annual Shoran Station flow (2020–2099) for six GCMs under SSP2-4.5. 
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. 

Fig. 20. The average annual Shoran station flow, projected from 2020 to 2099 under the emis-
sions scenario for SSP5-8.5, is derived from the outputs of six general circulation models 
(GCMs)... 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13. The amount shift in discharge relative to the baseline is investigated under SSP2-4.5 and 
SSP5-8.5. nine Global Climate Models (GCMs) in various scenarios. 

In Figure 8, (25-75) % of the GCMs used in this study, The SSP5-8.5 emission scenar-
io's highest temperature ranges from 1.6 to 4.15 degrees Celsius, while the SSP2-4.5 
emission scenario's maximum temperature ranges from 1.39 to 2.83 degrees Celsius. In 
SSP5-8.5 emission scenarios, there is also a greater minimum temperature rise. Runoff 
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and precipitation are closely correlated, meaning that in every circumstance, more rain 
results in more runoff. variations in temperature only have an indirect impact [47], alt-
hough there is a positive link [46] between variations in precipitation and basin runoff. 
The discharge from the Kunhar River Basin is probably going to keep rising, hence 
future run-of-river hydroelectric projects will need to be planned for. Conclusions On 
a daily and monthly basis, the runoff was precisely anticipated by the SWAT model. In 
the calibration and validation stages, the discharge simulation's NSE and R2 values are 
both greater than 0.75. The cams-csm1-0, miroc6, and ukesm1-0-ll exhibited consistent 
hydrographs, which makes them more appropriate for use in model validation and cal-
ibration. The KRB should anticipate an increase in temperature and precipitation under 
the various SSPs scenarios. In comparison to the baseline (1990-2020) (figure 6), an-
nual precipitation is predicted to increase by 3.07% (-9.22%, 21.12%) under the SSP2-
4.5 emission scenario and by 6.68% (1.61%, 12.75%) under the SSP5-8.5 emission 
scenario. Under scenarios SSP2-4.5 and For SSP5-8.5, there will be two anticipated 
increases in maximum air temperatures: Between 0.62 °C and 3.61 °C in 2.09 °C and 
0.41 °C and 7.09 °C in 3.07 °C, respectively. The minimum air It is expected that tem-
peratures will increase by 2.09 °C (0.6 °C to 4.58 °C). and by 3.39 °C (1.94 °C to 7.45 
°C) respectively. The predicted runoff in the Kunhar River watershed is expected to 
rise in response to future climate change. Summer runoff may decrease by 13% from 
the baseline to the end of the century, but winter and spring streamflow may increase 
by 77.24% (in the mid-future scenario SSP2-4.5) and 40.09% (in the far-mid-future 
scenario SSP5-8.5). The average annual discharge may rise by 20% It is more probable 
to drop by ten percent at mid-future (in fgoals under the circumstances SSP2-4.5) than 
it is in the past (in cnrm-esm2-l) or near (in ec-earth3-veg) (SSP5-8.5). 
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Fig. 42. Flows predicted (m3/month) by six GCMs in the context of CMIP6 emission scenarios. 



 

Additionally, this study offers valuable insights that can help water sector policymakers 
address Sustainable Development Goals (SDGs) include SDG 6: water quality and hy-
giene; SDG 13: tackling climate change; and SDG 15: existence on soil [48]. These 
observations are especially pertinent to the near future. Furthermore, the construction 
of further run-of-the-river hydroelectric facilities in the area may result in work possi-
bilities for locals [49–51]. This endeavor also contributes to SDG 1.1, which seeks to 
end extreme poverty worldwide, and is in line with the larger goal of SDG 1 (No Pov-
erty). 
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