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ABSTRACT 

 

The perennial rivers that originate from high Himalayas are the major source of water during dry seasons. The 

flow in such rivers during dry seasons is supplied by melting of snow, the natural frozen water reserves in the 

high altitudes, so the estimation of runoff is very important for the planning and effective management of water. 

An attempt has been made in this study, to estimate the Chenab basin's daily discharge in the Himalayan region. 

In this study, HEC-HMS and SRM models were chosen to estimate the snow melt runoff for a period of 2005 to 

2008.The calibration is done for the period 2005 to 2006 and validation is done for the period of 2007 to 2008 

respectively. The simulation is done on a daily time step. The model performance is assessed using the R² and 

NSE coefficient. The R² values for HEC-HMS model for daily and monthly time steps are 0.56 and 0.79 

respectively. The R2 value for SRM model in daily and monthly time steps are 0.62 and 0.83 respectively. 

Similarly, the NSE for HEC-HMS in daily and monthly time steps are 0.69 and 0.79 respectively.  The NSE value 

for the SRM model for daily and monthly time steps are 0.81 and 0.82 respectively. Comparison of both the SRM 

and HEC-HMS models shows that the daily runoff from SRM model yields higher R² value than the HEC-HMS 

models. 

 

Keywords:  Hydrological model, MODIS, Melting of Snow, hydrograph, Daily runoff, Himalayan region. 

 

 

1. INTRODUCTION 

 

In the Himalayan region, precipitation occurs in the form of both rainfall and snowfall (Ajai, et al., 2011). The seasonal 

snow cover and glacier melt leads to the water flow in the Himalayan rivers especially in the summer, when 

temperatures are higher and there is a greater demand for water (Nosheen; Begum, 2012). Past few decades due to 

climate change there is direct effect on the snowmelt runoff in the Himalayan region (Negi, et al., 2009). As the 

population is growing, with the limited water resources, planning for effective management of water resources is very 

crucial. Particularly during dry periods when the flow is very less, management of water for various sectors such as 

agriculture, power generation, industries, domestic, etc., is essential. Information on availability of water resources 

during different seasons is useful for reservoir managers for planning their operations (Alam, et al., 2011). Estimation 

of runoff in a basin will be useful for basin level planning of water resources. Hydrological modeling (Wang, et al., 

2005) is one efficient way for estimating of runoff in a basin. The basin's water and energy balances are governed by 

natural process through the hydrological modelling and is typically depicted using mathematical techniques. 

Understanding the hydrological system in order to produce trustworthy data for long-term water resource management 

is the main goal of this modeling. Snowmelt runoff is estimated using two methods they are energy budget and 

temperature index method. 

 

Temperature index method is frequently used in snowmelt modeling and river forecasting since the data needed is air 

temperature which is commonly available to hydrologists in historical and real-time databases. The objective of this 

study is to estimate the snowmelt runoff for Chenab basin (Roy, et al., 2013) (Sanjay K.J, et al., 2013) using 

hydrological models. HEC-HMS model was used to find out the flood hydrograph for the Zard watershed in Khuzestan 

province Iran (Bahmani, et al., 2013). Similarly, HEC-HMS model was used to estimate runoff for Wocchu river basin 

(Nag, et al., 2013). The model was calibrated with the parameters for 10 years and also compared estimated value 

with the observed runoff value. SRM model was used to estimate the snowmelt runoff for the data-sparse watershed 

in the northwestern China (Abudu, et al., 2012). Also the SRM model was used to estimate the snowmelt and rainfall 

runoff (Fuladipanah, et al., 2012) and runoff for the western Himalayan region (Prasad, et al., 2005).. SRM model 

used to estimate the snowmelt runoff for the Kolahoi watershed in the western Himalayas revealed a volume difference 

of only 7.8% between measured and computed runoff (Alam, et al., 2011). There is a good agreement between 

measured and computed runoff. The model was calibrated using the two criteria namely R² and Dv are to estimate the 

model accuracy. These criteria were (0.7811, -14.24%) and (0.796, -9.21%) during calibration and validation periods 

respectively. The HEC-HMS model was used to estimate the scarce hydrological gauging area to estimate the runoff. 

The result shows a good agreement between the observed and estimated runoff (García, et al., 2008). 
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Recent developments in hydrological and environmental modeling increasingly highlight the role of data driven 

techniques, optimization methods, and remote sensing in improving prediction accuracy under data scarce conditions, 

as noted by Subramanian et al. (2024), Karthik et al. (2024), Sivasubramanian et al. (2024), and Maruthai et al. (2025), 

while additional studies further emphasize the importance of sustainable water resource management, environmental 

monitoring, and integrated modeling approaches for improving hydrological assessments in complex systems (Pasha 

et al., 2023; Ismayilov & Suleymanov, 2024; Sayed et al., 2024). Optimized deep learning models have shown strong 

capability in enhancing long term rainfall prediction across India, particularly in regions with limited observational 

data, thereby highlighting the need for robust calibration, and neural network based flood prediction studies in Chennai 

demonstrate that accurate runoff estimation is highly dependent on the quality and spatial representativeness of rainfall 

inputs. At the same time, nature inspired optimization approaches have improved the interpretation of remote sensing 

derived environmental variables, including snow cover dynamics in mountainous basins, while hybrid computational 

frameworks are increasingly used to address uncertainties in environmental systems (Maruthai et al., 2025). In addition, 

recent work by Sayed et al. (2024) on integrated environmental treatment systems further supports the importance of 

combining multiple data sources and modeling approaches to improve system efficiency and reduce uncertainty, 

which is relevant to hydrological model applications. These advancements are complemented by research focusing on 

sustainability and resilience, which stresses the importance of accounting for variability, uncertainty, and spatial 

heterogeneity in hydrological modeling, particularly under changing climatic conditions. Despite these developments, 

physically based and conceptual models such as the Snowmelt Runoff Model and HEC HMS remain widely applied 

in snowmelt dominated basins due to their relatively low data requirements and physical interpretability. In the Chenab 

River Basin, previous studies have generally applied either SRM or HEC HMS independently with limited calibration 

strategies or coarse resolution inputs, and comprehensive comparative evaluations under consistent data scarce 

conditions are still lacking. Therefore, the present study provides a more integrated and systematic assessment by 

comparing SRM and HEC HMS using uniform datasets, incorporating remote sensing based snow cover information, 

and applying structured calibration and validation procedures to evaluate their performance, reliability, and suitability 

for snowmelt runoff estimation in data constrained Himalayan environments, thereby positioning the study within 

recent advancements in hydrological modeling and environmental analysis. 

 

2. STUDY AREA 

The Chenab river is originated from the upper Himalayan region near Thandi and then flow into the plains of the 

Punjab, forming the boundary between the Rechna and Jech interfluves (Doabs in Persian). The study area starts from 

the upper Himalayan region at an elevation of 869 m above the Mean Sea Level (MSL) to 7077m above MSL in the 

Bara Lacha. For the current study area, the discharge station up to Premnagar is chosen at altitude of 1700m MSL. 

The precipitation in the upper region will received as snow and in lower region as rainfall. The snow lines various 

from 2000-3000m altitude in summer and increase up to 5000 m altitude in winter. The rainfall is classified as three 

zone outer Himalayan region rainfall was 1066mm, middle of Himalayan region 407mm and in grater Himalayan 

region 145mm. The minimum and the maximum temperature are -2ºc and 40ºc respectively. The soil type in the 

present study area is mainly 

classified in to five soil 

group they are mainly rock 

out crop, glacier & rock out 

crop, sandy, loam, loamy 

skeletal according to 

National Bureau of Soil 

Survey and Land Use 

Planning (NBSS LUP). The 

predominant soil type 

found in the upper 

Himalayan region is glacier 

& rock out crop and rock 

out crop. In the middle of 

the Himalayan region rock 

out crop and sandy soil is 

present. In the lower region loamy soil is found. Figure 1 shows the location of the study area with rain gauge and 

discharge station. 

   Figure 1 Location of study area and precipitation gauges’ location (part of Chenab 

basin up to Premnagar) 

The Chenab River Basin is primarily affected by snowmelt in its upper reaches, where a large amount of annual flow 

comes from seasonal snow accumulation and subsequent melting. This results in low discharge during winter due to 

freezing conditions, followed by a gradual increase in spring as temperatures rise and peak flows in late spring to early 

http://en.wikipedia.org/wiki/Baralacha_la
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summer driven by intensified snowmelt, while monsoonal rainfall contributes to secondary peaks, particularly in the 

lower elevations, creating a mixed hydrological regime. Additionally, elevation plays a critical role in regulating 

runoff response, with lower regions responding to rainfall events more quickly. this strong dependence on 

temperature-controlled processes alongside spatial variability in runoff generation highlights the importance of 

incorporating such hydrological dynamics when evaluating the performance and applicability of SRM and HEC-HMS 

models under data-scarce conditions. 

 

3. DATA USED AND METHODOLOGY 

 

Hydro-Meteorological Data 

 

For calculating the rainfall of the study area, average rainfall data from nine rain gauge stations are collected which 

are varying from an altitude of 4404m to 863m (Koskar, Tandi, Udaipur, Mou, Hawal, Sirshi, Ohli, Doda, and 

Bhadarwah) (García, et al., 2008) were used. The data are collected for the period of 2005 to 2008. Daily temperature 

data are obtained from the IMD gridded data. The values are interpolated using the Arc GIS by using the Kring method 

and the Kriging parameters were selected based on the spatial behavior of the IMD temperature data through initial 

exploratory analysis in ArcGIS. Four locations were selected based on the elevation (temp1-3359, tepm2-3427, temp3-

2425, temp4-2606) and temperature data were extracted is shown in Table 3.1. In both SRM and HEC-HMS models, 

the threshold temperature was selected based on standard practices in snowmelt modeling, where a value around 0 °C 

is commonly adopted as the critical point separating snowfall and snowmelt processes, further verified during 

calibration to match with the observed runoff. A basic sensitivity analysis was executed by varying the parameters 

such as the threshold temperature and degree-day factor, to evaluate its influence on model output, which confirmed 

that runoff estimation is sensitive to temperature-related parameters. Additionally, the use of linear interpolation for 

MODIS snow cover causes some uncertainty due to cloud cover, temporal gaps, and simplification of spatial 

variability. However, this approach was adopted to maintain continuity in the dataset, and its impact is considered 

moderate as the overall seasonal snow trends remain well represented. The daily discharge data were obtained from 

CWC Premnagar discharge station which is located at an altitude of 1700 m above MSL for the year 2005 to 2008 

(Archer, et al., 2008). 

 

Table 3.1 Location of the Temperature Gauge for Current Study Area 

 

Name Latitude Longitude Elevation 

Temp1 33.73 75.63 3359 

Temp2 33.32 76.08 3247 

Temp3 32.76 76.69 2425 

Temp4 32.31 77.5 2606 

 

Basin characteristics 

The digital elevation model version 2 (ASTER GDEM V2) data were collected from the USGS website 

(Spacesystems, et al., 2011). The horizontal resolution is 30 m and vertical resolution is 17 m. The boundary 

delineation process is done using the HEC-GeoHMS tool in the Arc GIS. Various steps are carried out in order to 

delineation the catchment in to small Hydrological Response Unit (HRU’S). There are 50 HRU’S which represents 

the entire study area. The 50 HRUs were aggregated into two sub-basins to maintain model simplicity and avoid 

unnecessary complexity under limited data conditions, ensuring stable calibration and reliable results in HEC-HMS 

model. Although HEC-HMS is mainly a rainfall–runoff model, it is suitable to simulate the high-altitude snowmelt 

simulation when combined with temperature-index methods, as it can effectively represent both snowmelt and rainfall 

contributions under data-scarce conditions. 

Remote sensing data 

The snow cover extent for the study area is extracted from (Yadav, et al., 2013) MODIS 8-day snow cover data product 

(MODIS10A2) which is downloaded for a period of 2005-2008 from the MODIS website (Riggs, et al., 2019). These 

products are in sinusoidal projection, each tile is of 1200 km by 1200 km size (Dressler, et al., 2006). These products 

are reprojected to the required projection and then subsetted to the study area using ERDAS imagine software (Stehr, 

et al., 2009). Snow cover extent for every eight days’ period is then linearly interpolated to get the daily snow cover 

extent by using the following equation (3.1) 

𝑆𝑛 = 𝑆1 + 
𝑆2−𝑆1

𝑡2−𝑡1
 (𝑡𝑛 − 𝑡1)                (3.1) 

Where, Sn snow cover at nth day, S1 is snow cover derived from first imagery, S2 is snow cover derived from the second 

imagery, tn is number of nth day, t1 is Julian date of first image and t2 is Julian date of second image. 
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Methodology 

 

There are two methods to estimate the runoff in the snow cover area they are energy balance and temperature index 

method. There are various models used this method to estimate the snowmelt runoff they are as follows. The models 

which uses temperature index method to estimate the snowmelt runoff are HEC-HMS, SRM, SWAT etc. The models 

which uses energy balance methods to estimate the snowmelt runoff are UEB, VIC, SSAR, CREST, GSFLOW etc. 

The runoff created by the snow cover area are depends on snow and glacier melt and also the rainfall occurring in the 

snow cover area. Energy balance models need more data but the index based model need only air temperature data for 

the process. Although the temperature plays the major role in the snow melt it is enough to calculate the runoff and 

also the availability of air temperature data is reality good so that index method is used in a large extent. For this study 

area, the availability of data is limited, hence the index method is used for calculating the runoff and the models which 

are working under the principle of index methods are considered. The two models used for this study are Snowmelt 

Runoff Model (SRM) and HEC-HMS (Hari Prasad et al., 2014). The detailed methodology is given in Figure 2. 

 

HEC-HMS Model 

 

The hydrological modeling system which is developed by US Army crop is used to simulate both the event and 

continuous simulation (Bartles, et al., 2023). Large numbers of studies were conducted to estimate the flood runoff 

which is an event based simulation mostly in the plain region (Anderson, et al., 2012). In the current study this model 

is used to estimate the snow melt runoff which is a continuous based simulation model.  In the current study the model 

is used to estimate the runoff in the high mountainous region like Himalayas. This model needs the precipitation, 

temperature, discharge and snow cover data in addition to that it needs the topography of the soil and type of soil. The 

model is semi-lumped model so it is divided in to sub-basin for the current study two sub-basins are used for runoff 

estimation and other sub-basin characteristics are shown in the Table 3.2. The following are the equations used to 

estimate the snowmelt runoff in the HEC-HMS model. 

 

M = Cm (Ta – Tb)                             (3.2) 

 

M is snowmelt, in. per period s, Cm is melt-rate coefficient that is often variable, in./(degree/period), Ta is air 

temperature, °F, Tb is base temperature, °F. 

The various parameters such as critical temperature, lapse rate, melt rate and other parameters derived from the (Alam, 

et al., 2011) are used in the current study to run the HEC-HMS model. 

 

 

Table 3.2 Sub-basin characteristic for HEC-HMS model 

 

Sub 

Basin 

Area 

Sq.km 
Canopy Surface Loss Method Transformation Base Flow 

1 5921 No No 
Deficit and 

Constant 

SCS unit 

hydrograph 
Recession 

2 11357 yes yes 
SCS Curve 

Number 

SCS Unit 

Hydrograph 
Recession 
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Figure 2 Methodology Flowchart 

 

 

SRM Model 

 

SRM model is a conceptual, deterministic and degree-day hydrological model. It was developed by the Martinec in 

1994 (Martinec, et al., 2008). It is mainly used in the mountainous region where the availability of data is very sparse. 

This model is suitable for the Himalayan region where there is scant data availability. It only uses the data on 

temperature, precipitation, area of snow covers and discharge. The snow cover data for this model is obtained from 

MODIS 10A2 data. The following equation is used to estimate the snowmelt runoff. 

 

𝑄𝑛+1 = [𝐶𝑠𝑛 𝑎𝑛(𝑇𝑛 + ∆𝑇𝑛)𝑆𝑛 + 𝐶𝑅𝑛𝑃𝑛]
𝐴.10000

86400
(1 − 𝑘𝑛+1) + 𝑄𝑛𝐾𝑛+1                  (3.3) 

 

Qn+1 is Average Daily Discharge [m
3
s

-1
] for n+1 day, Csn is snowmelt coefficient for n days ,CRn is rainfall coefficient 

for n days ,an is Degree-Day Factor [cm 
o

C
-1

d
-1

] for n days, Tn is Number of Degree-Days [
o

C d] for n days, ΔTn is the 

adjustment by temperature lapse rate [
o

C d] for n days, Sn is Ratio of the snow covered area to the total area for n days, 

Pn is Precipitation contributing to runoff [cm] for n days, A is area of the basin or zone [km
2

] , kn+1 is recession 

coefficient indicating the decline of discharge in a period without snowmelt or rainfall for n days n is sequence of days 

during the discharge computation period, Qn – Average daily discharge on day n [m3/ s] The various parameters such 

Delineation of boundary 

Hydrological model used to estimate 
the runoff  

Data collection 

SRM model parameter used 

• Lapse rate 

• Critical temperature 

• Lag time 

• RCA 

• X-coefficient 

• Y- Coefficient 

 

 
 

HEC-HMS model parameters 

used 

• PX temperature 

• ATI-Melt rate co-

efficient 

• Cold limit 

• ATI-cold rate Co-

efficient 

• Water capacity 

• Ground melt 

• Initial SWE 

• Initial cold 

Calibration of model Calibration of model 

Comparison of 
observed and 

estimated 

Comparison of 

observed and 

estimated 
 

Comparison of HEC-HMS model with SRM model 

Validation Validation 

 

NO 

YES 
NO 

YES 
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as critical temperature, lapse rate, melt rate and other parameters derived from the (Bashir, et al., 2010) in the current 

study area are used to run the SRM model. 

 

4. RESULT AND DISCUSSION 

 

HEC-HMS MODEL 

First the model was run with the initial values and then the computed runoff at the outlet of the basin is compared with 

observed runoff (Cunderlik, et al., 2004). If the computed runoff is deviating with respect to observed runoff the 

parameter values is fine-tuned and the model is run again (Roy, et al., 2013). In the present study the calibration is 

done for the period 2005 (to) 2006 and validation is done for the period of 2007 (to) 2008 respectively. The simulation 

is done on a daily time step. In HEC-HMS model, first the sensitive parameters for the model are found using the 

optimization technique such as percentage error peak and percentage error volume are used and finally manual 

calibrations is also done and arrived at values where there is a best fit between the estimated and observed data. The 

parameters adjusted are given in Table 4.1.  Figure 3 shows the observed and estimated runoff for year 2005 (to) 2006 

and Figure 4 shows the scatter plot between the observed and estimated runoff for 2005 (to) 2006. 

Table 4.1 Initial and Calibration values of parameter for HEC-HMS model 

 

Parameters Initial Value Calibrated Value 

PX temperatures  (deg C) 2.5 1.5 

ATI – Melt rate Coefficient 0.85 0.65 

Cold Limit Coefficient 20 10 

ATI – Cold rate Coefficient 0.85 0.65 

Water Capacity (%) 2 4 

Ground Melt (mm/day) 5 0 

Initial SWE  (mm) 30 150-80 

Initial Cold  (mm) 0 3-5 

 

 
 

Figure 3 Comparison calibrated values of Observed and Estimated Daily Flow for the years 2005 and 2006 at 

Premnagar. (Using HEC-HMS model) 

 

 
 

Figure 4 Scatter Plot between Observed and Estimated Daily Runoff for Year 2005 And 2006 

 

SRM Model 
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In SRM model, the parameters are distributed for various zones by dividing the basin into seven elevation zones 

ranging from 1359 m to 6359 m to capture the variation in temperature, snow accumulation, and melt processes with 

altitude, as elevation is a main controlling factor in snowmelt-driven hydrology. The number of zones was selected to 

provide sufficient representation of altitudinal variability for maintaining computational simplicity and data 

consistency. and parameters for each zone are given separately. The model is calibrated for the period of 2005 to 2006 

and validated for the period of 2007 (to) 2008. Similar to the HEC-HMS model here also first the model is run with 

the initial values and then the model is calibrated until the good fit between the estimated and observed flow. The 

parameters adjusted are given in the table 4.2. The Figure 5 shows the observed and estimated runoff for year 2005 to 

2006 and Figure 6 shows scatter plot between the observed and estimated daily runoff for 2005 to 2006. 

 

Table 4.2 Initial and Calibrated Values of Parameters for SRM Model 

 

Parameter Initial value Calibrated value 

CS 0.7 0.43-0.98 

CR 0.6 0.51-0.8 

x-coefficient 1.0200 1.2-1.9 

y-coefficient 0.0860 0.033-0.1 

AN (a)  (cm °C-1d-1] 0.65 0.2-1 

 
 

Figure 5 Comparison of calibrated values of Observed and Estimated Daily Runoff for the years 2005 and 

2006 at Premnagar (SRM model) 

 

 
 

Figure 6 Scatter Plot for calibrated value between Observed and Estimated Daily Runoff for Year 2005 and 

2006 (using SRM model) 

Validation 

 

Model is validated for period of two years from 2007 to 2008 years. The computed runoff is closely matched with the 

observed runoff for the years 2007 and 2008. Runoff is high during the month of July. The runoff Peak is high in the 

year 2007 when compared to the peak occurred in the year 2008. Figure 7 and 8 shows the observed and estimated 

runoff daily runoff for 2007 to 2008 and Figure 9 and 10 shows the scatter plot between the observed and estimated 

runoff for 2007 to 2008. As per the published literature, where rain gauge is very less, Correlation factor can be less 

than 0.7 which is the case in this study, Results in low R² value. 
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Figure 7 Comparison of Observed and Estimated Daily Runoff for the years 2007 and 2008 at Premnagar 

(Using HEC-HMS Model) 

 

 
 

Figure 8 Comparison values of Observed and Estimated Daily Runoff for the years 2007&2008 at Premnagar 

(Using SRM Model) 

 

The runoff estimation from the HEC-HMS model shows the trend of the curve is similar for both the estimated and 

observed data. In the beginning the snowmelt runoff is less and increases later and it reaches a high peak discharge 

during the months of June and July which shows that there is very high snowmelt runoff in that period. Again the 

runoff decreases in the month of November and December. The estimation of runoff using HEC-HMS model mainly 

depends up on the rainfall and snowfall. The parameter value plays an important role starting from separating the rain 

from snow to converting the snow fall as the snowmelt. Melt factor given for increase in the ATI found to be different 

for the snowmelt period from non-snowmelt season. 

 

 
 

Figure 9 Scatter Plot between Observed and Estimated Daily Runoff for Year 2007 and 2008 for HEC-HMS 
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Figure 10 Scatter Plot between Observed and Estimated Daily Runoff for Year 2007 and 2008 for SRM 

Model 

 

The runoff estimation from the SRM model shows the trend of the curve is similar for both the estimated runoff and 

the observed runoff data. The runoff is high during the period of May to October and the hydrograph reaches the peak 

during the period of July and shows decreasing trend in the discharge during the period of November and December. 

The SRM model parameters are adjusted to correctly predict the runoff using trial and error method. Since the SRM 

typically results in a noise-free, smooth-retreating limb, runoff did not increase during hydrograph recession as a result 

of snowmelt or precipitation events. This implies that during hydrograph rise and hydrograph recession, runoff 

simulations were most sensitive to runoff coefficients and recession coefficients, respectively. Recession coefficients 

increased during hydrograph recession and decreased during hydrograph rise, resembling the shape of an inverse 

hydrograph, since (1 – k) is the percentage of daily melt water that appears as runoff immediately. 

 

Discussion 

 

A summary comparison table of calibration and validation statistics for both SRM and HEC-HMS models has been 

included to improve clarity (Refer Table 4.3). The SRM model performs relatively better with R² values of 0.62 (daily) 

and 0.83 (monthly) compared to 0.56 (daily) and 0.79 (monthly) for HEC-HMS, while NSE values are 0.81 (daily) 

and 0.82 (monthly) for SRM and 0.69 (daily) and 0.79 (monthly) for HEC-HMS. The R²value for both the models are 

quite low. The snowmelt and rainfall contributions to groundwater, as well as the delayed base flow contribution to 

streamflow, are not taken into account by the SRM model. It is the reason for low R²value.  Similarly, in HEC-HMS 

model the value of R2 is low because it is an event based model and parameters flexibility is very less specially the 

snow parameters. In these study HEC-HMS model is compared with the SRM model (which is consider as a standard 

model for snowmelt estimation) to estimate its capacity of calculating snowmelt runoff. 

 

Table 4.3 Comparison of SRM and HEC-HMS Model Performance 

Model Time Scale R2 NSE Performance Interpretation 

HEC-HMS Daily 0.56 0.69 Moderate performance; affected by daily variability 

HEC-HMS Monthly 0.79 0.79 Good performance with reduced variability 

SRM Daily 0.62 0.81 Better performance in snowmelt simulation 

SRM Monthly 0.83 0.82 Very good agreement with observed runoff 

 

  

 

5. CONCLUSION 

 

Snow cover mapping are done using the MODIS image to estimate the snow cover. In this Study MOD10A2 data is 

used to estimate the Snowmelt runoff with help of SRM and HEC-HMS model for Chenab basin. The HEC-HMS 

model results yielded reasonable runoff. The SRM model yielded comparatively good results than HEC-HMS model. 

In the HEC-HMS model threshold temperature is kept the same as 1.5 for all the month. But in the SRM model the 

threshold value from 1.5-4.5 are given for different months. This has lead, the SRM model to predict the runoff more 

accurate than the HEC-HMS Model. This comparative analysis shows that the SRM model has improved performance 

over the HEC-HMS model with higher R² values by 0.06 at the daily scale and 0.04 at the monthly scale and NSE 

improvements of 0.12 and 0.03, indicating better concurrence with observed runoff. This shows that the HEC-HMS 

and SRM models are highly sensitive to the input parameters; understanding the parameter implementation will help 

to get more reliable results. Sufficient data availability in the higher elevation ranges will improve the results as the 

elevation range is upto 7500 m in the basin. It can be done by improving the availability of the satellite image data. 
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The future work will focus on improving the model accuracy and its performance by adding more input datasets, 

particularly rainfall and temperature records. The use of advanced remote sensing and reanalysis of datasets are 

expected to reduce the uncertainty in the results of snow cover and precipitation estimation. Additionally, the use of 

hybrid models integrating ANN/LSTM with SRM/HEC-HMS and climate change scenarios will be explored to 

enhance the runoff estimation and support sustainable water resource management in Himalayan River Basin. 

 

 

Acknowledgements 

 

The author acknowledges with thanks for the help received from ISRO and Centre for Water Resources, Anna 

University, Chennai. 

 

Reference 

1. Abudu, S., Cui, C. L., Saydi, M., & King, J. P. (2012). Application of snowmelt runoff model (SRM) in 

mountainous watersheds: A review. Water Science and Engineering, 5(2). https://doi.org/10.3882/j.issn.1674-

2370.2012.02.001 

2. Ajai, Kulkarni, A., Bahuguna, I., Sharma, S., & Romshoo, S. (2011). Snow and Glaciers of the Himalayas. In 

Space Applications Centre, Ahmedabad: Vol. I. Space Applications Centre, Ahmedabad. 

https://admin.indiawaterportal.org/sites/default/files/iwp2/Snow_and_Glaciers_of_the_Himalayas_Discussion_

Paper_I_ISRO_SAC_2011.pdf 

3. Alam, A., Romshoo, S., & Bhat, M. (2011). Estimation of Snowmelt Runoff Using Snowmelt Runoff Model 

(SRM) In A Himalayan Watershed. World Journal of Science and Technology, 1, 37–42. 

4. Anderson, M. L., Chen, Z.-Q., Kavvas, M. L., & Feldman, A. (2012). Coupling HEC-HMS with Atmospheric 

Models for the Prediction of Watershed Runoff. Building Partnerships, 1–10. 

https://doi.org/10.1061/40517(2000)135 

5. Archer, D. R., & Fowler, H. J. (2008). Using meteorological data to forecast seasonal runoff on the River Jhelum, 

Pakistan. Journal of Hydrology, 361(1), 10–23. https://doi.org/https://doi.org/10.1016/j.jhydrol.2008.07.017 

6. Bahmani, R., Eslamian, S., Khorsandi, M., & Hosseinipour, E. Z. (2013). Combination of L-Moments Method 

and Hydrological Model for Design Flood Hydrograph Determination. World Environmental and Water 

Resources Congress 2013, 3236–3246. https://doi.org/10.1061/9780784412947.320 

7. Bartles, M., Brauer, T., Ho, D., Feming, M., Karlovits, G., Pak, J., Nick, V., & Willis, J. (2023). Hydrologic 

Modeling System HEC-HMS User’s Manual. In Hydrologic Engineering Center, Davis, CA. 

8. Bashir, F., & Rasul, G. (2010). Estimation of Water Discharge from Gilgit Basin using Remote Sensing, GIS 

and Runoff Modeling Introduction: Pakistan Journal of Meteorology, 6(12). 

9. Chelamallu, H. P., Venkataraman, G., Murti, M. V. R., Arora, M., & Singh, G. (2014). Comparison of SRM and 

SNOWMOD models using modis snow cover data for Bhagirathi river basin in the Himalayas. International 

Geoscience and Remote Sensing Symposium (IGARSS). https://doi.org/10.1109/IGARSS.2014.6947365 

10. Cunderlik, J., & Simonovic, S. P. (2004). Calibration, Verification and Sensitivity Analysis of the HEC-HMS 

Hydrologic Model CFCAS Project: Assessment of Water Resources Risk and Vulnerability to Changing 

Climatic Conditions. In Water Resources Research. 

11. Dressler, K. A., Leavesley, G. H., Bales, R. C., & Fassnacht, S. R. (2006). Evaluation of gridded snow water 

equivalent and satellite snow cover products for mountain basins in a hydrologic model. Hydrological Processes, 

20(4). https://doi.org/10.1002/hyp.6130 

12. Fuladipanah, M., & Jorabloo, M. (2012). The estimation of snowmelt runoff using SRM case study (Gharasoo 

basin, Iran). World Applied Sciences Journal, 17, 433–438. 

13. García, A., Sainz, A., Revilla, J. A., Álvarez, C., Juanes, J. A., & Puente, A. (2008). Surface water resources 

assessment in scarcely gauged basins in the north of Spain. Journal of Hydrology, 356(3), 312–326. 

https://doi.org/https://doi.org/10.1016/j.jhydrol.2008.04.019 

14. Ismayilov, R., & Suleymanov, F. (2024). Water resilience under climate change in Azerbaijan. GeoJournal of 

Tourism & Geosites, 53(2), 435–446. 

15. Karthik.S, Surendran.R, Sam Kumar G.V and Sendru Srinivasulu. Flood Prediction in Chennai based on 

Extended Elman Spiking Neural Network using a Robust Chaotic Artificial Hummingbird optimizer”, Global 

NEST Journal, 27(4). Available at: https://doi.org/10.30955/gnj.07113. 

16. Martinec, J., Rango, A., & Roberts, R. (2008). SNOWMELT-RUNOFF MODEL (SRM) USER’S MANUAL. 

In NASA Reference Publication (Issue 1100). https://docslib.org/doc/6041004/snowmelt-runoff-model-srm-

users-manual-featuring-the-new-computer-program-winsrm-version-1-11 

17. Maruthai, S., Rajendran, S., Selvanarayanan, R., & Gowri, S. (2025). Wastewater recycling integration with IoT 

sensor vision for real-time monitoring and transforming polluted ponds into clean ponds using HG-RNN. Global 

NEST Journal, 27(4). 

https://doi.org/https:/doi.org/10.1016/j.jhydrol.2008.04.019
https://docslib.org/doc/6041004/snowmelt-runoff-model-srm-users-manual-featuring-the-new-computer-program-winsrm-version-1-11
https://docslib.org/doc/6041004/snowmelt-runoff-model-srm-users-manual-featuring-the-new-computer-program-winsrm-version-1-11


 

 

11 

 

18. Maruthai, S., Selvanarayanan, R., Thanarajan, T. et al. Hybrid vision GNNs based early detection and protection 

against pest diseases in coffee plants. Sci Rep 15, 11778 (2025). https://doi.org/10.1038/s41598-025-96523-4 

19. Nag, A., Penjor, K., Tobgay, S., & Jamtsho, C. (2013). Hydrological Modeling of Watershed using HEC-HMS 

Software and ArcGIS. https://api.semanticscholar.org/CorpusID:129983010 

20. NASA/METI/AIST/Japan Spacesystems, & Science Team, U. S. /Japan A. (2011). ASTER DEM Product. NASA 

EOSDIS Land Processes Distributed Active Archive Center. 

21. Negi, H., Thakur, N., & Kumar, R. (2009). Monitoring and evaluation of seasonal snow cover in Kashmir valley 

using remote sensing, GIS and ancillary data. Journal of Earth System Science, 118, 711–720. 

https://doi.org/10.1007/s12040-009-0057-y 

22. Nosheen; Begum, T. (2012). Indus Water Treaty & Emerging Water Issues. Abasyn Journal of Social Sciences, 

4(2). 

23. Pasha, N. H., Zengin, E., & Baylarli, A. T. (2023). Sustainability of water resources of Azerbaijan: Future 

prospects and problems. Journal of Management, Economics, & Industrial Organization, 7(2), 1–14. 

24. Prasad, V. H., & Roy, P. S. (2005). Estimation of snowmelt runoff in Beas Basin, India. Geocarto International, 

20(2). https://doi.org/10.1080/10106040508542344 

25. Riggs, G., Hall, D., & Román, M. (2019). MODIS Snow Products Collection 6.1 User Guide. Digital Media, 

6(April). 

26. Roy, D., Begam, S., Ghosh, S., & Jana, S. (2013). Calibration and validation of HEC-HMS model for a river 

basin in eastern India. ARPN Journal of Engineering and Applied Sciences, 8(1). 

27. Sanjay K.J, Jain.M. K, & Jindal.H.K. (2013). Snowmelt Runoff Modelling in Chenab Basin Using Remote 

Sensing and GIS. Hydrology Journal, 36(1–4), 55–71. 

28. Sayed, K., Wan Mohtar, W. H. M., Hanafiah, Z. M., & et al. (2024). Simultaneous enhanced removal of 

pharmaceuticals and hormones from wastewater using integrated treatment technologies. Journal of Water 

Process Engineering, 57, 104589. 

29. Shaheen Akhtar. (2010). Emerging challenges to Indus Waters Treaty: Issues of compliance & transboundary 

impacts of Indian hydro projects on the Western Rivers. Regional Studies, XXVIII (4), 3–66. 

30.  Sridharan Sivasubramanian, Sam Kumar Gopalsamy Venkatesan, Tamilvizhi Thanarajan, Surendran Rajendran. 

Al-Biruni Earth Radius Optimization for enhanced environmental data analysis in remote sensing imagery. 

Agrociencia, pp.1-18. 

31. Stehr, A., Debels, P., Arumi, J. L., Romero, F., & Alcayaga, H. (2009). Combining the Soil and Water 

Assessment Tool (SWAT) and MODIS imagery to estimate monthly flows in a data-scarce Chilean Andean 

basin. Hydrological Sciences Journal, 54(6). https://doi.org/10.1623/hysj.54.6.1053 

32. Suresh Subramanian, Geetha Rani K, Maheswari Madhavan and Surendran Rajenbdran (2024). An Automatic 

Data-Driven Long-term Rainfall Prediction using Humboldt Squid Optimized Convolutional Residual Attentive 

Gated Circulation Model in India”. Global NEST Journal, Vol 26, No 10, 06421. 

33. Wang, X., & Melesse, A. M. (2005). Evaluation of the SWAT model’s snowmelt hydrology in a northwestern 

Minnesota watershed. Transactions of the American Society of Agricultural Engineers, 48(4). 

https://doi.org/10.13031/2013.19194 

34. Yadav, R. R., & Bhutiyani, M. R. (2013). Tree-ring-based snowfall record for cold arid western Himalaya, India 

since A.D. 1460. Journal of Geophysical Research: Atmospheres, 118(14), 7516–7522. 

https://doi.org/https://doi.org/10.1002/jgrd.50583 

 

 

https://doi.org/10.1623/hysj.54.6.1053

