
INTRODUCTION  

Himalaya is unique and highest mountain chain of the world. 

It is also known as the third pole (Schild, 2008) and the “water 

tower of Asia” (Xu et al., 2009).Many rivers, springs and 

lakes in the mountain region are fed by significant 

contribution of snow and ice melt runoff. Severe hy

condition and water resource availability are remarkable 

influence by environmental changes. Climate change and land 

use change are two important causal factor who is responsible 

for manage hydrological characteristics (Stream flow, quality 

and extreme events) (Meresa et al., 2016).

flow to the three Major River in the Himalayan mountainous 

system; Ganga, Brahmaputra and Indus

catchment in the snow covered areas. These Himalayan 

resources are extensively prone to natural hazards, leading to 

serious concern especially about current and future climate 

change scenario and impacts on the water stored in

glaciers (Cruz et al. 2007). In this region, the climatic 

variability or instability concerns are m

encompassing direct to a step up of the global water cycle

because of climate change. The significant

Bhuntar glacier(52 meter per year, Kulkarni et 

indicates the impact of regional stress on

Global warming has concentrated annual snowpack growth, 

snowmelt process speed up and water losses greater than 

before due to evapotranspiration which, consecutively, 

impacts on surface runoff, moisture content of 

water recharge rate and local and seasonal availability of 

water supply (Dharmaveer et al. 2015; Singh et al. 2007).

Numerous studies have been carried out on 

modeling and impact assessment of climate change on water 

resources using hydrological models under varied
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mountain chain of the world. 

It is also known as the third pole (Schild, 2008) and the “water 

Many rivers, springs and 

lakes in the mountain region are fed by significant 

contribution of snow and ice melt runoff. Severe hydrological 

condition and water resource availability are remarkable 

Climate change and land 

use change are two important causal factor who is responsible 

for manage hydrological characteristics (Stream flow, quality 

extreme events) (Meresa et al., 2016). The region controls 

flow to the three Major River in the Himalayan mountainous 

Brahmaputra and Indus, have their upper-

. These Himalayan 

prone to natural hazards, leading to 

serious concern especially about current and future climate 

change scenario and impacts on the water stored in snow and 

region, the climatic 

variability or instability concerns are multifaceted 

encompassing direct to a step up of the global water cycle 

significant rate of retreat of 

Kulkarni et al. 2005) 

on water resources. 

has concentrated annual snowpack growth, 

and water losses greater than 

before due to evapotranspiration which, consecutively, 

impacts on surface runoff, moisture content of soil, ground 

al and seasonal availability of 

2015; Singh et al. 2007). 

Numerous studies have been carried out on stream flow 

impact assessment of climate change on water 

models under varied climate, 

topography and land use/land cover

change on water resources. Some of the studies carried out

related to the current study are discussed in the following.

Meresha et al. 2016 was carried out study on modeling 

hydrological behavior under climate change 

upper blue Nile river basin. CMIP5 data have been used for 

the climate projection and assessed the impact on water 

resources and evaluated their findings

hydrological models such as HBV, HMETS

two objective functions. As a result, study was concluded that 

climate change has a significant impact on hydrological 

extreme. Singh et al., 2013 have been carried out various 

studies on stream flow modeling under climate change on the 

Himalayan river basin using different hydrological models

and assessed a significant impact of climate change on water 

resources, hydrological characteristics and extreme 

events.Dharamveer et al., 2015 

on Sutluj River Basin and 

river basin and its hydrological response to potential changes 

in climatic variability. GCM’s was employed for the climate 

projection and series of climatic parameters was generated 

using statistical downscaling modelling

SWAT was used for simulating future changes in stream flow 

and water balance under climate change 

Spruill et al. (2000) has simulate

two year period in a small watershed in Kentucky covering an 

area of 5.5 km
2
. The Nash

monthly flows was 0.58 for 1995 and 0.89 for 1996 whereas 

for the daily flows, NSE was much less, 

Fontaine et al. (2002) developed a snowfall

mountainous terrain for the SWAT model.

applied the SWAT model to simulate runoff for the 

River located in Western Himalayan region.

estimated from the intermediate catchment between two 

gauging sites, Sunni and Kasol

conducted using SWAT to simulate the runoff and water 

balance etc. and to assess the performance and feasibility of 

the model ( Wang and Melesse 2005; Lemonads et al 2007; 

Zhang et al 2008; Tyagi et al 2013; Shivhare et al 2014)
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land coverand effect of climate 

change on water resources. Some of the studies carried out 

are discussed in the following. 

sha et al. 2016 was carried out study on modeling of 

behavior under climate change scenarios in the 

upper blue Nile river basin. CMIP5 data have been used for 

the climate projection and assessed the impact on water 

resources and evaluated their findings based on lumped 

hydrological models such as HBV, HMETS, and GR4J with 

two objective functions. As a result, study was concluded that 

climate change has a significant impact on hydrological 

extreme. Singh et al., 2013 have been carried out various 

on stream flow modeling under climate change on the 

alayan river basin using different hydrological models 

and assessed a significant impact of climate change on water 

resources, hydrological characteristics and extreme 

Dharamveer et al., 2015 was conducted research work 

and investigated sensitivity of Satluj 

river basin and its hydrological response to potential changes 

in climatic variability. GCM’s was employed for the climate 

projection and series of climatic parameters was generated 

using statistical downscaling modelling (SDSM) and further 

SWAT was used for simulating future changes in stream flow 

and water balance under climate change scenarios.  

simulated daily stream flow over a 

two year period in a small watershed in Kentucky covering an 

. The Nash-Sutcliffe efficiency (NSE) for 

monthly flows was 0.58 for 1995 and 0.89 for 1996 whereas 

for the daily flows, NSE was much less, -0.04 and 0.19. 

(2002) developed a snowfall-melt routine for 

mountainous terrain for the SWAT model. Jain et al. (2010) 

applied the SWAT model to simulate runoff for the Sutlej 

River located in Western Himalayan region. Runoff was 

estimated from the intermediate catchment between two 

gauging sites, Sunni and Kasol. Various studies have been 

ng SWAT to simulate the runoff and water 

the performance and feasibility of 

( Wang and Melesse 2005; Lemonads et al 2007; 

Zhang et al 2008; Tyagi et al 2013; Shivhare et al 2014).) 
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 It can be noted from the above that a number of studies in 

mountainous catchments have been carried out using the 

SWAT model and the results have been quite good. However, 

only limited studies have been carried out in the Himalayan 

region. Nearly 2 billion people depend on water of Himalayan 

Rivers which have huge hydropower potential but water 

triggered disasters are also frequent in these basins. Further, 

climate change is likely to significantly impact hydrological 

response of these river basins. Thus there is a need for better 

understanding of the hydrologic response of Himalayan 

Rivers.  

Therefore, the present study have been undertaken on Beas 

river basin up to Bhuntar and the objective of this study was 

to evaluate the applicability of the SWAT model in simulating 

historical and future (projected) stream flow and its potential 

changes in climatic variability in Himalayan basins and carry 

out an uncertainty analysis and sensitivity parameter 

determination. Successful modeling of this basin will help in 

improved management of water resources and partly 

overcome problem due to data scarcity. 

The SWAT Model 
The SWAT or Soil and Water Assessment tool is a river basin 

or watershed scale model which requires a diversity of 

information. It is physically based continuous time scale and 

semi-distributed modeling system, which simulate the 

different hydrological responses using process based equation 

developed by Dr. Jeff Arnold and jointly developed by the 

USDA Agriculture Research Services (Arnold et al. 1998). 

Spatial variability is represented by dividing the basin area in 

to sub- basin which is further divided into hydrologic response 

unit (HRUs) (Neitsch et al. 2002a, 2002b). The model takes 

into account a range into hydrological processes such as 

evapo-transpiration, snow accumulation and melt, infiltration 

and generation of surface and sub-surface flow component in 

determining the water budget/balance (SWAT Theoretical 

Documentation, 2012). The hydrological cycle as simulated 

by SWAT is based on the water balance equation. 
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where, SWtis the final soil water content (mm H2O), SWo is 

the initial soil water content (mm H2O), t is time in days, 

Rdayis amount of precipitation on ith day(mm H2O), Qsurf is the 

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

amount of evapotranspiration on ith day (mm H2O), wseep is 

the amount of percolation and bypass exiting the soil profile 

bottom on ith day (mm H2O), and Qgw is the amount of return 

flow on ith day (mm H2O). 

The SWAT-Calibration and Uncertainty Program 

(SWATCUP) is an interface for calibration, validation, 

uncertainty analysis, and sensitivity analysis of SWAT model. 

SUFI2 is a multi-site, semi-automated global search procedure 

which can be used for model calibration and uncertainty 

analysis (Abbasppur et al., 2004; 2007). SWAT and SWAT 

CUP was employed for simulating hydrological response 

under climate change scenarios. 

STUDY AREA 

In the present study, Beas River basin up to Bhuntar site has 

been taken. It extends between latitudes 31° 43’ to 32° 25’ 

North and longitudes 76° 50’ to 78° east and covers an area of 

3133 km
2
. Beas is an important tributary of the Indus River 

that takes off from the Rohtang Pass in the Himalayan 

 
Fig. 1:  Beas River basin up to Bhuntar site (Study area) 
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mountain range in Himachal Pradesh (India) at an elevation of 

3900m. It flows in nearly north-south direction up to Larji, 

where and takes nearly a right angle turn and flows towards 

west up to the Bhuntar. Parvati River is the main tributary 

which joins the Beas River near Bhuntar. This is the only hilly 

state of India having utilized the prime hydropower strength. 

The elevation of the basin ranges from 1059m to 6619m on 

the Northeast boundary of Parvati sub-basin. An extensive 

portion of the River basin becomes snow covered during 

winter. During the summer, the basin is fed by snowmelt. The 

Beas basin has partly snow covered area upto bhuntar and 

negligible snow-cover below that area. The location map of 

the study area is given in Fig. 1. 

Datasets used: 
For the simulation of hydrologic response of the Beas basin, a 

number of maps were prepared from geo-spatial data. 

Multispectral and climatic datasets were obtained for the 

present study with30m resolution. These wide ranges of 

datasets have been collected from the various sources (see 

Table.1) which are described in below given section: 

Elevation Data: 

Elevation data is one of the most important considerations for 

hydrological studies.  For representation of elevation data, 

Digital Elevation Model is used in grid type of raster form to 

signify the topographic characteristics of a terrain. DEM 

Table 1: The details of the datasets used in the present study are discussed below 

Data Type Source Spatial/ Temporal 

Resolution 

Description 

Topography http://gdem.ersdac.jspacesystems.or.jp 30 m ASTER Digital 

Elevation Model 

Land use/ Land 

cover data 

prepare 

Landsat-8 satellite imagery (Earth 

explorer)http://usgc.earthexplorer 

30 m Land-use Classification 

Soils NBSS& LUP, Nagpur (Hardcopy of soil 

map was converted into digital form) 

- Soil Classification  

Weather Data BBMB, India Daily  

 

Rainfall , minimum 

and maximum 

temperature, Relative 

Humidity 

http://globalweather.tamu.edu/ Daily  Solar Radiation, Wind 

Speed 

Stream Flow 

Data 

BBMB, India Daily Daily stream flows 

measured at the 

gauging stations 

GCM https://pcmdi.llnl.gov/projects/esgf-llnl Daily Present and future 

scenario 

 

 
Fig. 2: ASTER DEM of Beas River Basin up to Bhuntar 
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represent the elevation value (Z) of a geographic location (X, 

Y) and shows the spatial variation of land surface elevation 

digitally (Dharamveer et al., 2015). In the present study, 

ASTER DEM is used with 30 m resolution from GDEM 

(http://gdem.ersdac.jspacesystems.or.jp/).A view of the 

ASTER DEM for the study area is shown in Fig. 2. 

LULC Map: 

LULC Map is important consideration and used as an input 

for the model which affect surface runoff, evapo-transpiration 

and soil erosion in a watershed (Neitisch et al., 2005). It also 

affects the soil water storage, water demand for irrigation and 

generation of land flow etc. The multispectral satellite image 

(Landsat-8) of 30 m spatial resolution wasdownloaded from 

the USGS site (www.earthexplorer.usgs.gov). LULC was 

prepared in ERDAS imagine using Maximum likelihood 

classification five LULC Categories were  identified such as 

Evergreen forest, Open forest, Rangeland/debris, Snow and 

Water bodies. A view of the LULC map of Beas basin up to 

Bhuntar is shown in Fig.3. 

Fig. 3: Landuse and land cover map prepared from 

Landsat-8 satellite image 

Soil Map: 

Soil and its physical properties (hydraulic conductivity, soil 

texture, water availability, bulk density etc.) are the critical 

input for model simulation. The soil map and its properties are  

 

obtained from the National Bureau of Soil Survey & Land 

Use Planning (NBSS & LUP). For preparation of soil map for 

the study area, the soil map has been digitized and converted 

into the grid format and classified according to SWAT geo-

database. Seven category of soil have been identified in the 

study area and classified as CL-LS-C, GL-SS-RO-D, LS-RO-

D, LS-RO-DE-D, SS-RO-DE-D, and SS-RO-LS-DE-

Drespectively. A view of soil mapis shown in Fig.4. 

Climatic data: 

Daily observed weather parameter is used in the present study. 

It includes maximum and minimum temperature (Tmax and 

Tmin), precipitation (PCP), solar radiation (SLR), relative 

humidity (HMD), wind speed (WND) and daily discharge 

data are obtained for the time period of 1990 to 2010 for the 

stations named as Manali, Beas, Parvati and Bhuntar 

respectively. Precipitation (PCP), max. and min temperature 

(Tmax&Tmin) and relative humidity (HMD) and discharge 

data are acquired for the above defined time frame from the 

Bhakra Beas Management board (BBMB), and solar radiation 

(SLR) and wind speed (WND) on a daily time step for the 

adjacent station of BBMB station is acquired from the SWAT 

global weather website (http://globalweather.tamu.edu/). 

Future time series data from the global climate model 

(GCM’s) for two variable viz. precipitations max. and min. 

temperature are used for the present study and obtained from 

the (https://pcmdi.llnl.gov/projects/esgf-llnl). ECEarth (2001-

20140) and IPSLSD (2001-2060) Future series of climatic 

parameter was used as an input for investigating hydrological 

response under climate change. 

METHODOLOGY 

Model Setup: 

In the setup of SWAT model, all required database has been 

developed and used as input for the present study. The flow 

chart of the methodology used in the present study is 

presented below (see fig.5). The main procedures and various 

step followed in model application are explained in a 

sequential way: 

SWAT Project Setup: 

In this module of SWAT, working directory has been assigned 

to the model. This directory is very important because all the 

inputs/outputs file and simulated value are stored and save in 

its personal geo-database. The location of Directory and its 

geo-database were added to this model. 

Delineation of Watershed: 

ASTER DEM used as an input to delineate the watershed in 

the present study. The DEM has been pre-processed in SWAT 

and threshold area (3000 ha) is defined to the model for 

generating the detailed stream network of the Beas basin up to 

Bhuntar.  Junction point of each sub-stream have been 

generated which is mainly the outlet of sub-tributaries of Beas 

river. The main outlet has been defined at the Bhuntar, Kullu 

which is basically the confluence point of Beas and Parvati 

River. Six sub-basins have been generated and calculated all 

the sub-basin parameter successfully and presented in Fig.5. 

The geographical area delineated by the model was found to 

be 3129.67 km
2
. 

 

 Fig. 4: Soil map of the study area 

 



 

Fig. 5: Delineated Sub-basin from ASTER DEM

Defining number of HRUs 

HRUs are hydrological response unit and defined as the 

similar land use, soil type and slope of each grid. HRU’s 

divide the watershed in the homogenous geographic unit of 

similar land use, soil and slope. SWAT requires the land use 

and soil data to generate the HRUs for each sub basin. The 

LULC and soil map and their characteristics or look up tables 

are imported to the model. These datasets were reclassified 

according to the codes which have been assigned to the 

respective category of the spatial datasets 

SWAT Geo-database.  The slope map is generated by 

assigning the range of slope which is 0-25, 25

80 above in percentage. These LULC, soil and Slope map 

were overlaid together to generate the multiple HRU’s. For 

eliminate the minor land use, soil and the slope the threshold 

percentage method were selected and 10% for the Land use, 

10% for the soil and 15% for the soil is used in the model. The 

multiple HRU’s and associate report were generated 

successfully which specified the area of different HRUs in 

various sub basins.  LULC Map and soil map are shown in 

Figure 3, 4. 

Write input tables/ Importing meteorological data:

The model requires weather data on daily basis which is 

recorded from the observed value or generated using we

generator of SWAT. In the present study, weather data (e.g. 

PCP, Tmax, Tmin., SLR, HMD, WND) used as 

the model. Meteorological data of six stations 

for the time period of 1990- 2010 (observed) 

2021-2040 and 2041-2060series is used and imported in the 

model to run the SWAT for respective time frame. The 

locations of weather stations are presented in a map (see 

Fig. 6). 
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similar land use, soil and slope. SWAT requires the land use 

e the HRUs for each sub basin. The 

LULC and soil map and their characteristics or look up tables 

are imported to the model. These datasets were reclassified 

according to the codes which have been assigned to the 

respective category of the spatial datasets and linked to the 

database.  The slope map is generated by 

25, 25-55, 55-80 and 

80 above in percentage. These LULC, soil and Slope map 

were overlaid together to generate the multiple HRU’s. For 

minor land use, soil and the slope the threshold 

percentage method were selected and 10% for the Land use, 

10% for the soil and 15% for the soil is used in the model. The 

multiple HRU’s and associate report were generated 

area of different HRUs in 

various sub basins.  LULC Map and soil map are shown in 

Write input tables/ Importing meteorological data: 

The model requires weather data on daily basis which is 

recorded from the observed value or generated using weather 

generator of SWAT. In the present study, weather data (e.g. 

PCP, Tmax, Tmin., SLR, HMD, WND) used as an input for 

the model. Meteorological data of six stations on a daily basis 

2010 (observed) and 2011-2020, 

is used and imported in the 

model to run the SWAT for respective time frame. The 

locations of weather stations are presented in a map (see    

Fig. 6: Representation of location of meteorological 

stations employed in the study

 

 

SWAT Simulation: 

All the required data files have been successfully 

and written as per the requirement

run with all the developed inputs on a daily basis. Further the 

generated model output is checked and used for calibration 

and validation and sensitivity analysis.

 The observed daily stream flow data from year 1990 to 2000 

was used to calibrate the SWAT model output 

model was validated by using the data from the year 2001 to 

2010. Data for the first two year (1990 and 1991) were 

reserved as ‘warm up’ period for initial model setup. These 

two year were excluded for t

performance. Thus, the model calibration statistics was 

evaluated for the period 1992

The model performance computed hydrographs was compared 

with the observed hydrograph.

 Evaluation of performance of the hydrological models is 

carried out to compare how the value simulated by the model 

match with those observed value. In the present study, the 

statistical indicators used to evaluate model performance were 

the goodness-of-fit (R
2
) and the Nash

index (NSE). The evaluation of model performance was 

considered better if the values of R

unity. 

RESULTS AND DISCUSSION
In this study, a programme developed by Abbaspour

2004 called as SUFI2 optimization programme has been used 

for calibration and validation

Uncertainty and sensitivity analysis have been carried out to 

find the sensitive parameter and uncertainty on the basis of 

measured river discharge data. 

Sensitivity Analysis: 

Global sensitivity analysis has been used and calculation has 

been made using multiple regression system, it regrets the 

Latin hypercube generated parameter against the objective 

function value. 18 calibrated parameter

. Soc., Vol. 37,  No. 4, Oct., 2017 
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Fig. 6: Representation of location of meteorological 

study 

All the required data files have been successfully developed 

written as per the requirement to the model. The model is 

run with all the developed inputs on a daily basis. Further the 

generated model output is checked and used for calibration 

and validation and sensitivity analysis. 

The observed daily stream flow data from year 1990 to 2000 

used to calibrate the SWAT model output and then the 

model was validated by using the data from the year 2001 to 

2010. Data for the first two year (1990 and 1991) were 

reserved as ‘warm up’ period for initial model setup. These 

two year were excluded for the evaluation of the model 

performance. Thus, the model calibration statistics was 

evaluated for the period 1992-2000. 

computed hydrographs was compared 

with the observed hydrograph. 

Evaluation of performance of the hydrological models is 

compare how the value simulated by the model 

match with those observed value. In the present study, the 

statistical indicators used to evaluate model performance were 

) and the Nash-Sutcliffe efficiency 

index (NSE). The evaluation of model performance was 

if the values of R
2
 and NSE are close to 

RESULTS AND DISCUSSION 
a programme developed by Abbaspour et al., 

2004 called as SUFI2 optimization programme has been used 

for calibration and validation of the SWAT model. 

Uncertainty and sensitivity analysis have been carried out to 

find the sensitive parameter and uncertainty on the basis of 

ischarge data.  

Global sensitivity analysis has been used and calculation has 

been made using multiple regression system, it regrets the 

Latin hypercube generated parameter against the objective 

function value. 18 calibrated parameters including 9 snowmelt 
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related parameter have been used as an input for global 

sensitivity analysis. The description of stream flow calibration 

parameters are given in Table 2. 

The ranges of the parameters fitted for the calibration in the 

SUFI2 technique is presented in Table 3. The remaining 

parameters did not affect much change in the model output. 

The parameters have been given rank for their sensitivity to 

the model. The sensitivity analysis was implemented for all 18 

SWAT parameters which influence land phase and routing 

phase of water cycle. These total 18 parameters which mainly 

lead the stream flow cognitive process represented in above 

table used for the model parameterization and the sensitivity 

analysis. The results of sensitivity analysis for daily 

calibration in SUFI-2 procedures are represented in graph 

(Fig.7&8) 

Table 2: Description of stream flow calibration parameters 

Parameters selected for the 

calibration 

Description of parameters 

R__CN2.mgt Initial SCS runoff curve number for moisture condition II 

V__ALPHA_BF.gw Base flow alpha factor (days) 

V__GW_DELAY.gw Groundwater delay (days) 

R__SOL_AWC (...).sol Available water capacity of the soil layer (mm/mm) 

R__SOL_K (...).sol Saturated hydraulic conductivity of soil (mm/hr.) 

V__ESCO.hru Soil evaporation compensation factor 

V__CH_K2.rte Effective hydraulic conductivity in main channel alluvium(mm/h) 

V__RCHRG_DP.gw Deep aquifer percolation fraction 

V__CANMX.hru Maximum canopy storage (mm H2O) 

V__PLAPS.sub Precipitation Lapse Rate 

V__TLAPS.sub Temperature Lapse Rate 

V__SFTMP.bsn Snowfall Temperature (
o
C) 

V__SMTMP.bsn Snowmelt base Temperature (
o
C) 

V__SMFMN.bsn Minimum melt rate for snow during year (mm H2O/
o
C -day) 

V__SMFMX.bsn Maximum melt rate for snow during year (mm H2O/
o
C -day) 

V__TIMP.bsn Snow pack temperature lag factor 

V__SNOCOVMX.bsn Minimum snow water content corresponds to 100% snow cover, SNO100 

(SNOCOVMX- mm H2O) 

V__SNO50COV.bsn Snow water content corresponds to 50% snow cover 

 

Table 3: Stream flow parameter uncertainties for SUFI-2 of Beas basin up to Bhuntar 

Parameter Fitted value Min value Max value 

R__CN2.mgt -0.157105 -0.198882 -0.134609 

V__ALPHA_BF.gw 0.024675 0.02267 0.026316 

V__GW_DELAY.gw 15.849224 15.307833 26.135664 

V__RCHRG_DP.gw 0.014472 0.014241 0.014597 

V__REVAPMN.gw 132.327774 104.989021 134.81311 

R__SOL_AWC (...).sol 0.248831 0.184231 0.266699 

R__SOL_K (...).sol -0.291881 -0.339435 -0.262321 

V__PLAPS.sub 99.156166 89.873993 100 

V__TLAPS.sub -9.240855 -9.179295 -9.244095 

V__CH_K2.rte 77.333336 50 90 

V__ESCO.hru 0.179252 0.179251 0.179259 

V__SFTMP.bsn -0.702976 -0.702975 -0.702976 

V__SMTMP.bsn 2.863735 2.815472 2.953367 

V__SMFMX.bsn 1.942877 1.941232 1.948826 

V__SMFMN.bsn 0.126696 0.060043 0.130204 

V__TIMP.bsn 0.338256 0.338254 0.338267 

V__SNOCOVMX.bsn 498.053314 470.741821 500.536163 

V__SNO50COV.bsn 0.444373 0.340361 0.446136 

 



 

This sensitive parameter was mostly responsible for the model 

calibration and parameter changes during model iteration 

process. The value of P factor and R factor reflect the 

uncertainty about the model parameter which takes into 

account the discharge observation. These two measures 

specify the termination rules for SUFI iterations. When more 

than half of the observations can be bracketed inside the 

uncertainty boundary andthe R factor value reaches a small 

ratio– generally below 1, this is a state of being sufficiently 

calibrated. The sampling run will be iterated several times by 

resettling, usually narrowing the parameter space though the 

Fig. 7: Representation of t

Fig. 8: Representation of P
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mostly responsible for the model 

calibration and parameter changes during model iteration 

process. The value of P factor and R factor reflect the 

about the model parameter which takes into 

These two measures also 

for SUFI iterations. When more 

than half of the observations can be bracketed inside the 

the R factor value reaches a small 

generally below 1, this is a state of being sufficiently 

d. The sampling run will be iterated several times by 

resettling, usually narrowing the parameter space though the 

posterior parameter distribution, until the calibration goal is 

achieved. The numbers of iterations carried out for Beas basin 

up to Bhuntar site were 8 with changing multiple set of 

parameter. For each iteration

performed. 

The dotty plots are defined as the distribution and the number 

of simulations. In the sensitivity 

parameter values with the

calibrations. It can be seen in the graph that during the 

calibration, mostly parameters have shown relatively less 

uncertainty than obtained values during the validation.

Fig. 7: Representation of t-Stat value of parameter sensitivities for SUFI

Fig. 8: Representation of P-value of parameter sensitivities for SUFI
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posterior parameter distribution, until the calibration goal is 

numbers of iterations carried out for Beas basin 

8 with changing multiple set of 

each iteration, 600 simulations were 

he dotty plots are defined as the distribution and the number 

the sensitivity analysis, comparison of the 

parameter values with the objective function in daily 

calibrations. It can be seen in the graph that during the 

calibration, mostly parameters have shown relatively less 

uncertainty than obtained values during the validation. 

 

Stat value of parameter sensitivities for SUFI-2 

 

value of parameter sensitivities for SUFI-2 

0.05 0.06 0.07
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Once the parameter to be optimized was identified through the 

sensitivity analysis, the model was calibrated. Sensitivity 

parameter values shows that the CN is the most sensitive 

parameter for changes in the discharge process. A part from 

that, Other parameters (Next to CN)are  related to 

groundwater among which ALFA_BF parameter is an index 

value which describe the underground flow response to 

changes inflow. In the present study, snowmelt related 

parameters were found to be less sensitive compared to 

catchment related parameters. PLAPS and TLAPS are more 

sensitive than the others sensitive parameter. 

Calibration and Validation: 

The calibration was carried out using data for period 1992-

2000. During calibration the parameter identified by 

sensitivity analysis were systematically modified till the 

simulated daily flow closely matched the observed values. 

Five objective functions viz. P-factor (ranges between 0% and 

100%), R-factor (ranges between 0 and infinity), coefficient of 

determination R
2
, NSE andbR

2 
(coefficient of determination 

multiplied by the coefficient of regression line) can be used to 

analyse the efficiency of the model for simulated stream 

flow.Co-efficient of determination (R
2
) and Nash- Sutcliffe 

 

(a) 

 

(b) 

Fig. 9: Comparison of a) daily observed and simulated stream flow hydrograph of Beas basin up to Bhuntar during 

calibration period (1992-2000), and b) scatter plot. 
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efficiency is used in the present study.  The time series of the 

observed and simulated daily stream flows for the calibration 

period for Beas basin up to Bhuntar are shown in Figure 9a. 

Uncertainty analysis results of SUFI2 are shown as the shaded 

region (95PPU) which contains all uncertainties from the 

different sources. It is seen from the figure that the overall 

shape of the hydrographs is matching satisfactory good. Some 

of the observed high peaks have been simulated satisfactory 

but some are under simulated. This is due to snow and glacier 

coverage in the area and temperature is main causal factor for 

high peaks in non monsoon season. The shaded region in the 

plots (95PPU band) shows uncertainty in the model; in this 

case it brackets a large amount of the simulated data. The time 

series of the observed and simulated daily hydrographs for the 

validation period (2001-2010) is shown in Fig. 10. 

It is seen from the graph that the simulated hydrograph 

correlates well with observed hydrograph except some peak 

values. Scatter plot between observed and simulated 

discharges for the calibration data (Figure 9b) indicates that 

the points are evenly distributed around the 1:1 line but some 

points in the high flow range are far away from the line. 

Further, for the validation period, the scatter plot (Figure 10b) 

also shows that most points are close to the 1:1 line but some 

points are away. It is difficult to desegregation of the error 

 
(a) 

 
(b) 

Fig. 10: Comparison of a) daily observed and simulated stream flow hydrograph of Beas basin up to Bhuntar during 

validation period (2001-2010), and b) scatter plot. 
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into source components, in case the model is nonlinear and 

different sources of error may interact to produce the 

measured deviation.  

The daily coefficient of determination R
2
 comes out to be 

for calibration period and 0.57 for validation period for Beas 

basin up to Bhuntar, respectively. The NSE 

0.60 for calibration and 0.48 for validation

Hence, the results are satisfactory on a daily basis and are 

acceptable. 

Estimation of water balance: 

The mean annual water balance of the sub basin simulated by 

SWAT for the duration 1990-2010.The observed average 

annual discharge is 129.31 cumec and simulated discharge 

comes out to be 122.55 cumec for Bhuntar site. The water 

balance components for calibration as well as validation 

period for the Bhuntar site are given in T

water balance components include: the total amount of 

precipitation falling on the sub-basin, actual 

transpiration from the basin, snowmelt runoff, and

amount of water leaves from the basin and contributes to 

stream flow (water yield). Here, water yield contains surface 

Table 4: Water balance component 

Water balance component 

PCP 

Snow fall 

Snow melt 

Sublimation 

Surface runoff Q 

Lateral soil Q  

Ground water (SHAL AQ) Q 

Deep AQ recharge 

Total AQ recharge 

Total water yield 

Percolation out of soil 

ET 
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source components, in case the model is nonlinear and 

different sources of error may interact to produce the 

comes out to be 0.60 

for calibration period and 0.57 for validation period for Beas 

respectively. The NSE was estimated 

validation, respectively. 

results are satisfactory on a daily basis and are 

The mean annual water balance of the sub basin simulated by 

2010.The observed average 

annual discharge is 129.31 cumec and simulated discharge 

comes out to be 122.55 cumec for Bhuntar site. The water 

for calibration as well as validation 

are given in Table 4. The main 

water balance components include: the total amount of 

basin, actual vapour-

transpiration from the basin, snowmelt runoff, and the net 

amount of water leaves from the basin and contributes to 

stream flow (water yield). Here, water yield contains surface 

runoff, lateral flow (water flowing laterally within the soil 

profile that enters the main channel) and ground water (water 

from shallow aquifer that returns to river reach). The results 

indicate that the direct surface runoff contribution is small in 

the water yield and the main contribution to water yield is 

through lateral flow and ground water flow. As catchment up 

to Bhuntar site covers more snow area, ET found to be less. 

The snowmelt contribution at Bhuntar is found to be 

comparatively more. The study area as a whole, receives 

1012.1 mm precipitation out of which 474.8mm is lost d

evapo-transpiration (ET) and in validati

partly dry area and temperature variation in the basin.

Another, 16.81 mm total surface runoff

to temperature variation in the area and

flows come out by the simulation. Some amount of 

precipitation falling on the ground is stored deep inside the 

ground through infiltration and percolation. The estimated 

mean annual water yield of the basin is 515.84mm. This is the 

amount of available water which can be utilized for drinking 

as well as irrigation purposes. The water budget component 

and their contribution are shown below:

Table 4: Water balance component in mm 

Calibration (parameters) Validation (parameters)

1012.1 1014.0

135.61 71.88

79.43 37.61

43.28 29.36

16.81 49.52

357.54 132.20

141.50 75.06

2.09 

515.84 76.25

515.84 256.73

144.35 76.31

474.8 1184.7
 

(a) 

Mar Apr May Jun Jul Aug Sep Oct Nov

Months

2010 2011-2020 2021-2040 2041-2060
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runoff, lateral flow (water flowing laterally within the soil 

profile that enters the main channel) and ground water (water 

shallow aquifer that returns to river reach). The results 

indicate that the direct surface runoff contribution is small in 

the water yield and the main contribution to water yield is 

through lateral flow and ground water flow. As catchment up 

ite covers more snow area, ET found to be less. 

The snowmelt contribution at Bhuntar is found to be 

comparatively more. The study area as a whole, receives 

1012.1 mm precipitation out of which 474.8mm is lost due to 

piration (ET) and in validation, ET is higher due to 

temperature variation in the basin. 

total surface runoff, it comes out less due 

variation in the area and 357.54 mm lateral 

flows come out by the simulation. Some amount of 

itation falling on the ground is stored deep inside the 

ground through infiltration and percolation. The estimated 

mean annual water yield of the basin is 515.84mm. This is the 

amount of available water which can be utilized for drinking 

ion purposes. The water budget component 

and their contribution are shown below: 

Validation (parameters) 

1014.0 

71.88 

37.61 

29.36 

49.52 

132.20 

75.06 

0.81 

76.25 

256.73 

76.31 

1184.7 

  

Nov Dec

2060



 

Projected Change in Stream Flow: 

The potential effect of climate change in daily time series 

stream flow for Beas basin up to Bhuntar was evaluated 

through GCM datasets using two climate scenarios, i.e. 

IPSLSD in year 2011 to 2060 and EC_Earth in year 2011 to 

2040 (GCM) data. Downscaled GCM data was available. 

Temperature (Max.& Min) and precipitation data has been 

prepared for SWAT format and weather parameter

edited to investigate climate change scenario on stream flow. 

The entire database were loaded in the model to estimate the 

scenario of climate change and  run in SWAT for the year 

2011-2020, 2021-2040, and 2041-2060. Likewise, same step 

were followed for the EC_Earth data. Results were generated 

successfully for the specified purpose. The simulated 

outcomes of stream flow have been converted from daily to 

monthly basis for the basin. The simulated stream flow for the 

different time frame past, present and future 

with each other and it was noticed that the simulated stream 

Fig. 11a & b: Decadal Climate change impact on stream flow for the time period (1992

IPSLSD (GCM) datasets. 
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The potential effect of climate change in daily time series 

stream flow for Beas basin up to Bhuntar was evaluated 

through GCM datasets using two climate scenarios, i.e. 

IPSLSD in year 2011 to 2060 and EC_Earth in year 2011 to 

wnscaled GCM data was available. 

Temperature (Max.& Min) and precipitation data has been 

for SWAT format and weather parameters have been 

to investigate climate change scenario on stream flow. 

The entire database were loaded in the model to estimate the 

SWAT for the year 

2060. Likewise, same step 

Earth data. Results were generated 

successfully for the specified purpose. The simulated 

outcomes of stream flow have been converted from daily to 

monthly basis for the basin. The simulated stream flow for the 

different time frame past, present and future were compared 

with each other and it was noticed that the simulated stream 

flow increase with the time. The discharge during 2011

is high as compared to 1992

season. However during winter season, it may be due to 

change (increase) in temperature and thereby more melt 

runoff (Fig. 11 a & b). 

The trends of Future climate is depicted which suggests the 

stream flow will increase with the time and temperature and 

precipitation also will increase due to climatic instability and 

global warming. The simulated result of stream flow shows 

that the snow and glacier is melting down and snowpack will 

possibly decreasing. It is very serious concern that due to 

increased temperature, more precipitation will fall as rain. The 

unlikely changes of occurrence in temperature and 

precipitation will also affect the timing of snowpack 

development and occurrence of snowmelt. This possible 

situation might be occurred that 

instability/changes include an increased stream discha

winter and early spring (Zion et al., 2011).

(b) 

Fig. 11a & b: Decadal Climate change impact on stream flow for the time period (1992
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. The discharge during 2011-2020 

is high as compared to 1992-2010 to during non monsoon 

season. However during winter season, it may be due to 

rease) in temperature and thereby more melt 

The trends of Future climate is depicted which suggests the 

stream flow will increase with the time and temperature and 

precipitation also will increase due to climatic instability and 

bal warming. The simulated result of stream flow shows 

that the snow and glacier is melting down and snowpack will 

. It is very serious concern that due to 

increased temperature, more precipitation will fall as rain. The 

of occurrence in temperature and 

precipitation will also affect the timing of snowpack 

development and occurrence of snowmelt. This possible 

situation might be occurred that potential impacts of these 

instability/changes include an increased stream discharge in 

winter and early spring (Zion et al., 2011). 

 

Fig. 11a & b: Decadal Climate change impact on stream flow for the time period (1992-2060) through Downscaled 
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CONCLUSIONS 
Modeling of the hydrologic behavior of snow and rain-fed 

Himalayan river basins is important since a large population 

depends on water from these rivers which also have huge 

hydropower potential. The calibration is performed earlier 

than imitate the hydrology of the sub-catchment for the 

observed and future time frame with 18 sensitive parameters 

and arranged sequentially which is given in results section. 

Modelling results shows the uncertainty during calibration 

was smaller than that during validation. The values of R
2
for 

calibration (1992-2000) and validation (2001-2010) are good 

on a daily basis. These values are found to be 0.60 

(calibration) and 0.57 (Validation) and NSE calculated as 0.6 

for calibration and 0.48 for validation. The model 

performance was found to be quite good on a daily basis for 

Bhuntar sites given the availability of meteorological data. 

Overall, the hydrograph shape could be reproduced 

satisfactorily although all the peaks could not be reproduced 

very well. After a number of model runs, it was realized that 

no further significant improvement in modeling can be 

achieved without strengthening the database. The findings of 

the calibration and validation and uncertainty analysis reveal 

that the SWAT can be functional to simulate changes in 

stream flow and water balance of the watershed in future due 

to variation observed in climate change. Future climate 

scenarios used here suggested increases in future temperature 

and precipitation. Withhigher air temperature in the future 

climate change scenario, SWAT indicate more precipitation 

falling as rain and reduced snow pack leading to change in 

stream flow pattern particularly during winter and early 

spring. For improved modeling and results of the Himalayan 

basins, efforts should be made to install more meteorological 

stations, particularly at higher altitudes.  
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