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Abstract— Himalayan mountains, the boon of God, is the 

major source of fresh water for India. The significant 

quantity of fresh water is stored in Himalayan mountains 

outside the polar regions. Perennial Himalayan rivers are fed 

by melting of snow & glaciers. Estimation of runoff from 

snow & glacier melt is important as far as water need is 

concerned. Runoff in terms of Discharge computation is 

done by Distributed Snow & Glacier melt runoff model for 

Chenab basin as well as for Parbati sub-basin from Satluj 

basin using satellite image processing softwares i.e. ArcGIS 

and ERDAS IMAGINE. The meteorological data of 

Keylong station is used for Chenab basin. AWiFS images 

from IRS-P6 are used as satellite data. Hydropower potential 

is also found out based on the computed discharge by this 

model. The calibration is done for Parbati sub-basin. The 

model efficiency is found to be 87%. 
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I. INTRODUCTION 

Glacier and Snowmelt water from the Himalayas are the 

major contributors of fresh water to most of the main river 

basins in Indian sub-continent. The colossus Himalaya 

ranges act as a great climatic divide affecting vast system of 

the earth hydrology. In contemporary times, the Himalayas 

have extended greatest and significant challenges to 

hydrologists and environmentalists. 

The Himalayan region has one of the largest 

concentrations of mountain glaciers outside the polar region. 

Snow and glacier runoff from mountain is contributing 

significantly in overall stream runoff (Singh et al. 1997). 

Therefore, assessment of glacial and snow extent is 

important for computing of stream runoff. Remote sensing 

based glacier inventory in the Satluj basin including Beas 

has indicated presence of 2321 glaciers and permanent 

snow-fields having total area of 3879 km2 (Kulkarni et al. 

1999). Due to steep slopes, all these sub-basins can initially 

be considered as potential sites for hydropower generation. 

This will help in power from environment friendly runoff 

river micro and mini hydropower stations. 

One of the important components of runoff model 

in high altitude mountains is estimation of snow and glacier 

melt. There are two main approaches to calculate snow-

melt: energy balance approach and temperature degree-day 

method. The energy exchange at snowpack surface can be 

explained by four major components as the short wave 

radiation exchange, long wave radiation exchange, 

convective heat transfer and advective heat transfer. This 

radiation exchanges and heat transfer can be estimated if 

information on various parameters as cloud covers, albedo, 

wind, cloud temperature and dew point temperature are 

known (Anderson, 1976). Information on these parameters 

is normally not available; therefore, degree-day approach is 

used for estimation of runoff (Quick and Pipes, 1988). 

Degree-day approach has been successfully used to develop 

snow-melt runoff model. 

II. STUDY AREA 

The study are falls in Chenab basin (Himachal Pradesh), it 

covers Chandra, Bhaga, Miya, Bhut, Warwan and Ravi sub-

basins of Chenab river in Lahaul district of Himachal 

Pradesh. These sub-basins are fed by melting of high 

altitude glaciers and snow fields.  

Parbati river is in the Parbati valley, Himachal 

Pradesh, which is a part of Satluj basin, flows into the Beas 

river at Bhuntar, some 10 km south of Kullu.  

No. Sub-basin Area of the sub-basin(km2) 

1. Bhaga 1690 

2. Bhut 2208 

3. Chandra 2433 

4. Miyar 4438 

5. Ravi 4907 

6. Warwan 4659 

7. Parbati 1773 

Table 1: Area of Susub_Basins 

 
Fig. 1(a): Study area Chenab basin  

 
Fig. 1(b): Study area Parbati sub-basin 
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III. DATA USED 

A. Satellite Data 

In the present study, multi-spectral data from AWiFS  

(Advanced Wide Field Sensors) of IRS-P6 for various 

seasons (Autumn, winter and summer) were analyzed. The 

swath of AWiFS sensor is 740 m and spatial resolution is 56 

m. The repetivity of AWiFS is 5 days. ASTER images are 

imported from NRSC (National Remote Sensing Center), 

Hyderabad. By using NDSI (Normalized Difference snow 

Index) algorithm, reflectance and NDSI images are 

generated.  

B. Field Data 

Apart from this satellite data, field and other collateral data 

such as 10-daily minimum and maximum temperature and  

rainfall data from October-2013 to June-2014 for all the sub-

basins particularly for this model are taken from Keylong 

meteorological station. For Parbati sub-basin, the data are 

taken from Bhuntar station. 

IV. MODEL DESCRIPTION 

A. Distributed Snow and Glacier Melt Runoff Model 

As this model is distributed type of model, it will distribute 

the basin into small cells, so the runoff generated by the 

model will be accurate and precise. It divides the basin into 

number of elevation zones with respect to meteorological 

stations. The model is designed to simulate and forecast 

runoff in mountain basins where snowmelt is occurred. In 

this model, NDSI images give the snow-covered area and 

the reflectance images gives the estimation of average melt 

factor. The other field data are given as input in the model. 

The model equation is given below: 

𝑄 = ∑  {𝐶1{𝑎 (𝑇 ∗ 𝐺) } + 𝐶2} + 𝐶3 { 𝑎 (𝑇 ∗ 𝑆)}} ∗ (
10000

86400
) ∗𝑛

𝑖=1

                                      (1 − 𝐾) +  𝑄𝑙𝑎𝑠𝑡 ∗ 𝐾                  ………(1) 

Where,  

Q = Average 10-Daily runoff (m3/s),  

C1 = Runoff coefficient for glaciated areas,  

C2 = Runoff coefficient for non-snow and non-glaciated 

areas,  

C3 = Runoff coefficient for seasonal snow covered areas, 

a = Melt-factor (cm °C -1 d-1),  

T =Average 10-daily degree days (°C. d),  

G = Grid cell area of glaciers, permanent and 10-daily snow 

(km2),  

S = Grid cell area of 10-daily snow (km2),  

P = Average 10-daily rainfall (cm),  

B = Grid cell area without snow/glacial cover (km2),  

Factor 10000/86400 is required for conversion of units from 

cm km2d-1to m3/s, 

K = recession coefficient,  

Qlast = last average 10-daily discharge 

B. Model Parameters 

1) Temperature 

The maximum and minimum available 10-daily temperature 

data are arranged in 10-daily format. Then they are 

extrapolated according to the elevation of each grid cell. 

2) Snow-covered Area 

If the NDSI values of the grid cells are more than 0.4, it 

indicates that the area is snow-free area and if the NDSI 

value of the grid cells are less than 0.4, it shows that the area 

is snow-covered area (Kulkarni et al. 2006). 

𝑁𝐷𝑆𝐼 =
𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑏𝑎𝑛𝑑 2 −  𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑏𝑎𝑛𝑑 5

𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑏𝑎𝑛𝑑 2 +  𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑏𝑎𝑛𝑑 5
 

3) Precipitation 

The 10-daily average precipitation data from meteorological 

station are extrapolated to the mean hypsometric altitudes of 

the respective grid cells. 

4) Tcritical 

Tcritical determines whether the precipitation is snowfall or 

rainfall. Model will determine whether the output is 

snowmelt runoff, rainfall runoff or mixture of both. 

5) Melt-factor, a 

(Martinec et al. 1975) has used below empirical equation for 

computation of melt factor is given below: 

𝑎 = 1.1 ∗  
𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑠𝑛𝑜𝑤 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
 

This model calculates the melt factor by using 

reflectance value of each cell as the reflectance changes with 

the changes in density of snow/glacier. (Reflectance 

decreases with the changes in density of snow/glacier) 

6) Runoff co-efficients 

Runoff co-efficients  for snow, rainfall and glacier are the 

contribution of snowmelt, rainfall and glacier-melt to the 

available runoff respectively. It is the ratio of measured 

precipitation to measured runoff. Runoff  co-efficients for 

snowmelt and glacier-melt  are ranged between 0.25 to 0.40 

in almost all the seasons. Rainfall runoff co-efficient is 

ranged between 0.4 to 0.6 in summer and 0.3 to 0.5 in 

winter and autumn. 

7) Recession co-efficient, k 

It is the fraction of discharge contribution from last day’s 

discharge of snowmelt on a current day. The observed daily 

discharges are plotted on log-log scale and the slope of the 

best fit line determines as the recession co-efficient. K is an 

important feature because (1-k) is the proportion of the daily 

melt water production which appears as runoff. 

V. HYDROPOWER POTENTIAL 

Hydropower Potential is estimated using average 

waterpower equation, which is an empirical formula. By 

considering efficiency as 80%, the water-power euation can 

be written as (Kulkarni et al. 2002)  

Average Power (kW) = 8.1 * Q * H      ………….(2) 

Where, Q = Discharge computed using model 

(cumec), H =    Head at outlet of the sub-basin 

The head is calculated at every outlet of the sub-

basin. A line is drawn of approximately 200 m at every 

outlet of the sub-basin from ASTER-DEM image in ERDAS 

and the elevation difference is taken as head.  

 
Fig. 2: Head Outlet of Ravi sub-basin (Chenab basin) 
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A. Grid Fabrication and Descritization 

The main aim of the study is to distribute the sub-basins into 

small sized grids. It is done using ArcGIS 9.3 and ArcInfo 

Workstation. Fabrication of grid is lying over the sub-basins 

and consequently, the catchments are distributed into 

number of small grid cells. 

No. Sub-basin No of cells Grid area(km2) 

1. Bhaga 102758 0.011 

2. Bhut 56958 0.030 

3. Chandra 44797 0.055 

4. Miyar 68936 0.065 

5. Ravi 53819 0.089 

6. Warwan 69266 0.068 

7. Parbati 60108 0.029 

Table 2: Basin Wise Grid Discretization 

Then zonal attributes of NDSI, Reflectance and 

ASTER-DEM for each grid estimated using ERDAS 

IMAGINE 9.1. 

1) Flowchart of the Model 

 

 
Fig. 3: Flowchart 

VI. RESULTS AND DISCUSSION 

A. Simulation of the Model for Chenab Basin 

The model is applied on Miyar, Warwan, Bhut, Chandra, 

Bhaga and Ravi, which are the sub-basins of Chenab and 

also calibration is done for Parbati sub-basin from Satluj 

basin. 

 

 

 
Fig. 3: Comparison between sub-basins of Chenab basin for 

Discharge, SCA (%) and Hydropower (kW) 

B. Accuracy Criteria 

Model additionally uses two well established accuracy 

criteria, namely, the coefficient of determination, R2 and the 

volume difference, Dv.  

The coefficient of determination is computed as 

follows: 

𝑅2 = 1 −  
∑ (𝑄𝑖−𝑄′)𝑛

𝑖=1
2

∑ (𝑄𝑖−�̅�)𝑛
𝑖=1

2            …….(3) 

Where, R2= Coefficient of determination, 

Qi = Measured  discharge, 

Q' =  Simulated  discharge, 

Q = Average discharge for the simulation year or simulation 

season. 

Equation (3) also corresponds to the Nash-Sutcliffe 

coefficient in which case Q is a long-term average measured 

discharge applied to the respective years or seasons.  

The deviation of the runoff volumes, Dv, is 

computed as follows: 

DV (%) = 
VR−VR

′

VR
 * 100                ………..(4) 

Where, Dv = (%) Volume Difference between the 

total observed and simulated runoff,   
VR = Observed runoff volume, 

VR’= Simulated runoff volume. 

C. Calibration for Parbati Sub-Basin 

The calibration is done for Parbati sub-basin for the period 

of January 2014 to June 2014. The Nash-Sutcliff Efficiency 

is 86.85%, which is finely acceptable. The volume 

difference in % is +4.87%. The standard deviation is 11.52. 
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Fig. 4: Comparison of simulated and observed discharge 

VII. CONCLUSION 

The Discharge values are very high in the month of October 

and then it decreases in the month of December. The 

Discharge values are lowest in the months of January and 

February. Then again it increases in March and  April. And 

again it becomes more in the month of June. In Chenab 

basin, highest discharge values are occurred in Warwan in 

June and also in other months as there is lower altitude and 

area covering snow is also more. The lowest discharge is 

occurred in Bhaga as it is at highest altitude among 6 sub-

basins of Chenab. 

The snow-covered area is low in the month of 

October and November in all the sub-basins. In Chandra, 

Bhaga and Miyar, the SCA increases up to 100% in the 

month of January, February and March as they are at higher 

altitude. 

As available head at outlet of Ravi is highest 

among the sub-basins of Chenab basin, the highest 

hydropower potential is obtained up to 28MW in Ravi in the 

month of June considering computed discharge by the 

model. 

Calibration of the model gives 86.85% efficiency 

for Parbati sub-basin (Satluj basin). The Standard deviation 

is 11.52 and Volume Difference is +4.87%. 
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