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Abstract 

Snow depletion curves (SDCs) are important in 
hydrological studies for predicting snowmelt generated 
runoff in high mountain catchments. The present study 
deals with the derivation of the average snow depletion 
pattern in the Mago basin of Arunachal Pradesh, which 
falls in the eastern Himalayan region and the generation of 
climate affected SDCs in future years (2020, 2030, 2040, 
and 2050) under different projected climatic scenarios. The 
MODIS daily snow cover product at 500m resolution from 
both the Aqua and Terra satellites was used to obtain daily 
snow cover maps. MOD10A1 and MYD10A1 images were 
compared to select cloud free or minimum cloud image to 
obtain the temporal distribution of snow cover area (SCA). 
Snow accumulation and depletion patterns were obtained 
by analysing SCA at different days. For most of the years, 
two peaks were observed in the SCA analysis. The 
conventional depletion curve (CDC) representing present 
climate was derived by determining and interpolating the 
SCA from cloud-free (cloud<5%) images for the selected 
hydrological year 2007. The investigation shows that the 
SCA was highest in February and lowest in May. Ten years 
meteorological data were used to normalize the 
temperature and precipitation data of the selected 
hydrological year (2007) to eliminate the impact of their 
yearly fluctuations on the snow cover depletion. The 
temperature and precipitation changes under four 
different projected climatic scenarios (A1B, A2, B1, and 
IPCC Commitment) were analysed for future years. 
Changes in the cumulative snowmelt depth with respect to 
the present climate for different future years were studied 
by a degree-day approach and were found to be highest 
under A1B, followed by A2, B1, and IPCC Commitment 
scenarios. It was observed that the A1B climatic scenario 
affected the depletion pattern most, making the depletion 

of snow to start and complete faster than under different 
scenarios. Advancing of depletion curve for different 
future years was found to be highest under A1B and lowest 
under IPCC Commitment scenarios with A2 and B1 in-
between them. 

Keywords: MODIS, Snow-cover depletion curve (SDC), 
snow-covered area (SCA), cumulative snowmelt depth, 
projected climatic scenarios, Eastern Himalayan region.  

1. Introduction 

Snow cover area (SCA) and snowmelt have an important 
role in the hydrological response of mountainous snow-
dominated basins and are usually sensitive to climate 
change at the regional scale (Rango and Martinec, 1994). 
Seasonal snow cover area is reduced due to the changing 
form of precipitation (from snow to rain) and rapid snow 
melting. Hydrological models are now increasingly used for 
predicting river responses under climate variability and 
change (Pechlivanidis et al., 2011). Derivation of a 
quantitative estimate of the snow-cover can be used to 
estimate snowmelt runoff. Snow-coverage is a key input 
variable for a wide variety of snowmelt runoff models. 
Climate change can affect snow cover and subsequently 
alter the river runoff in spring and summer, which have 
great impact on the socio-economic development, disturb 
the fragile ecosystems, and even cause frequent 
occurrence of drought/flood disasters. Therefore, it is of 
great significance to the local sustainable development to 
investigate the snow cover change (Martinec and Rango, 
1989). 

Depletion curves of snow-covered areas (SDCs) 
continuously indicate the gradual areal diminishment of 
the seasonal snow cover during the snowmelt season. 
Snow cover area, which is the main input for preparation 
of SDCs, can be effectively derived using remote sensing. 
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Satellite remote sensing data are well accepted for 
monitoring the snow-covered areas over continuous 
space–time scales compared to the conventional in situ 
snow measurements. For measuring and observing snow 
cover area, a variety of space borne sensors with various 
spectral, spatial, and temporal resolutions are available.  

Snow-covered area monitoring gains importance as the 
ratio of snowmelt runoff to the total annual flow increases 
with increase in snow covered area. Thus, the snow-
covered area is an important variable for snowmelt runoff 
prediction. Satellite snow cover monitoring also serves for 
determining the duration of the snow cover, the areal 
water equivalent, as well as to evaluate the effect of a 
changed climate on snow conditions and runoff. For 
instance, Rango and Martinec (1997) evaluated the 
average areal water equivalent of the seasonal snow-cover 
on 1 April in the basin of the Rio Grande at Del Norte, 
Colorado using the LANDSAT periodical snow-cover 
mapping. Many studies have evaluated the relationship 
between SCA and snowmelt depth (Gupta et al., 1982; 
Seidel et al., 1998; Singh and Bengtsson, 2003; Takeli et al. 
2005; Stewart, 2009).   

Remote sensing technology provides an extremely 
important advantage for snow cover monitoring (Gafurov 
and Bárdossy, 2009). Many studies relating to the 
application of MODIS snow product in mapping SCA have 
been conducted in the recent years. MODIS snow products 
are most commonly used for snow cover mapping as they 
are produced on a daily basis and can be downloaded for 
free. Its 500 m spatial resolution results into high accuracy 
in comparison to ground information. These snow 
products have been evaluated for accuracy in many 
studies, either compared with ground based observations 
(Tekeli et al., 2005; Parajka and Blosch, 2006; Liang et al., 
2008) or with the images derived from other sensors such 
as Landsat (Klein et al., 1998a; Maurer et al., 2003). MODIS 
products were observed to be acceptably accurate in the 
studies. MODIS snow cover product have been extensively 
used for generating snow cover maps and analysing its 
spatial and temporal variability all around the globe 
(Sirguey et al. 2009; Zhang et al. 2010; Jain et al. 2011; 

Paudel and Andersen, 2011; Rittger et al., 2013; Sarkar, 
2015; Tahir et al., 2015; Gurung et al., 2017).  

The present study has been undertaken to understand the 
average accumulation and depletion pattern of a snow-
covered basin in the eastern Himalayan region. The study 
has also revealed the changes in depletion pattern under 
different projected climatic scenarios for future years. 
Section 2 introduces the study area and data, whereas the 
methodology is presented in Section 3. Section 4 presents 
the results of the analyses, followed by Conclusions in 
Section 5. 

2. Study area and data 

The Mago basin (Fig. 1) with an upstream area of 839 km2 
and located in the Tawang district of Arunachal Pradesh, 
India, was selected as the study area. The Central Water 
Commission (CWC) observatory, situated at the outlet of 
the Mago basin, was selected as the meteorological site. 
The snow starts accumulating in October and ends in 
March. Snow melt starts in February and continues up to 
June. Therefore, for the study basin, the period from 
February to June is considered as the ablation season. 

MODIS daily snow cover images from both the Aqua 
(MYD10A1) and Terra (MOD10A1) satellites were 
downloaded from NASA’s Distributed Active Archive 
Centre (DAAC) (http://reverb.echo.nasa.gov/reverb/). 
MOD10A1 and MYD10A1 for the period 2003-2013 were 
downloaded to obtain temporal distribution of SCA. Daily 
meteorological data (temperature and precipitation) at the 
CWC’s site at China Bridge were collected for the period 
2004-2013. The 10-year average temperature and 
precipitation data (Fig. 2) show that during January-
February the temperature is lowest and then increases till 
mid-August, while monthly cumulative precipitation 
attains its peak in July. Both of them have a great impact 
on the snow-cover depletion pattern. Moreover, projected 
temperature and precipitation data were downloaded 
from NCAR's portal (https://gisclimatechange.ucar.edu/) 
for different emission scenarios (A1B, A2, B1, and IPCC 
commitment scenario; Nakicenovic et al., 2003; Girod et 
al., 2009) and future years (2020, 2030, 2040 and 2050) 
(Collins et al., 2006). 
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Figure 1. The Mago basin in Arunachal Pradesh, India

 

Figure 2. Average monthly mean temperature and total 
precipitation 

The degree-day factor (a) can be estimated from daily 
decrease in snow water equivalent (SWE) per degree 
increase in degree-days. SWE is the snow water content of 
the snow pack. Average of maximum and minimum 
temperatures of a particular day refers to degree-days (T) 
of that particular day. SWE of new snow is less and it 
increases as the snow pack ripens. As a result, the degree-
day factor is subject to the melting season. The degree-day 
factor does not remain constant throughout the melting 
season, and different values for different months were 
assumed in this study (WMO, 1964). The critical 
temperature, which decides whether the precipitation 
during the snowmelt season is snow or rain, was set to 1.0 
°C for the year 2007 following the recommendation of 
Senzeba et al., (2015). The near surface temperature lapse 
rate was taken as 0.5°C/100 m following the findings of 
Bandyopadhyay et al., (2014) for Arunachal Pradesh. The 
Digital Elevation Model (DEM) for the study area was 
downloaded from NASA’s website 
(http://reverb.echo.nasa.gov/reverb/).  

3. Methodology 

3.1. MODIS snow cover 

The MODIS snow cover algorithm is based on the high 
reflectance of snow in the visible band (band 4, 0.545– 

0.565 μm) and low reflectance in the near infrared band 
(band 6, 1.628–1.652 μm). These two bands are used to 
calculate the normalized difference snow index (NDSI) (Hall 
et al., 1995). Normalized Difference Snow Index (NDSI) is 
calculated as: 

NDSI= 
Band 4-Band 6

Band 4+Band 6
 

(1) 

NDSI has been applied widely to optical imagery to 
discriminate snow from other targets. The detailed 
algorithm and processing steps have been documented in 
several sources (Hall et al., 2002; Riggs et al., 2006).  

3.2. Pre-processing of MODIS daily snow cover data 

Native MODIS data files are stored in a HDF-EOS 
(Hierarchical Data Format – Earth Observing System), a file 
format that does not currently have wide support. The 
MODIS Reprojection Tool (MRT) was used to convert HDF-
EOS data format to GeoTIFF format. The downloaded HDF-
EOS files served as input to the MRT. The MRT was 
downloaded from 
https://lpdaac.usgs.gov/tools/modis_reprojection_tool. 
Using ERDAS IMAGINE 2011 all the converted GeoTIFF files 
were subset for the study area. Clipped MOD10A1 and 
MYD10A1 images were compared to select a cloud free 
image or minimum cloud image. This particular operation 
was achieved using the histogram utility available in the 
ERDAS IMAGINE 2011.  

3.3. Rectification of temperature and precipitation data 

From the DEM, an area-elevation (hypsometric) curve was 

generated (Fig. 3). The mean hypsometric elevation (h̅) of 
the basin was found to be 4641 m. Temperature data, 
measured at the meteorological station of CWC, China 
Bridge, were adjusted by temperature lapse rate up to 
mean hypsometric elevation of the basin. In the absence of 
long-term meteorological data, the year 2007 was selected 
to study the effect of climate change under different 
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projected scenarios on SDC, since the monthly average 
temperature variation of 2007 matched well with the 10-
year average temperature data recorded at CWC, China 
Bridge (Fig. 4). In 2007, the lowest temperature was found 
in the months of January-February, which is the same as in 
case of 10-year average data. 

 

Figure 3. Area-elevation (hypsometric) curve

 

Figure 4. Yearly temperature variation with respect to 10-year average

The temperature and precipitation data for the selected 
2007 hydrological year were rectified to represent the 
present climatic condition so that the impact of yearly 
fluctuation of temperature and precipitation on the snow-
cover depletion can be eliminated (Martinec et al., 2008). 
The deviations of monthly average temperature of the year 
2007 from 10-year means of monthly average temperature 
were determined by: 

∆T=T̅year-T10-year average (2) 

where 𝑇𝑦𝑒𝑎𝑟  is the mean monthly temperature of 2007, 

and T10-year average is the 10-year mean of monthly average 
temperature for 2004–2013 for the corresponding month.     
      

Then, the daily temperatures of the selected hydrological 
year 2007 were rectified/ adjusted with monthly 
fluctuations preserved as: 

Tnorm=Tyear-∆T (3) 

where Tyear is the daily temperature of the selected 
hydrological year 2007. 

Ratios of long term monthly mean precipitation for 2004–
2013 to the monthly mean precipitation of the year 2007 
was determined by: 

r=
P̅(10-year average) 

P̅year
 (4) 

where P̅  is the mean monthly precipitation and P10-year 

average is the 10-year average monthly precipitation for 
2004–2013 for the corresponding month. 

The normalized/ rectified precipitation value was obtained 
by adjusting the daily precipitation of the selected 
hydrological year 2007 with monthly fluctuations 
preserved as: 

Pnorm = Pyear. r (5) 

where Pyear is the daily precipitation for the selected 
hydrological year 2007. 

Snowmelt depth was obtained by multiplying the degree-
days (Tnorm) by degree-day factor (a) as below:  
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Snowmelt depth = Tnorm x a (6) 

where a is the degree day factor (cm °C-1). 

The decline of snow-cover extent not only depends on the 
initial snow reserve but also on the climatic conditions of 
the year being considered, since the amount and period of 
new snow falling during the snowmelt season varies year 
to year.  

3.4. Development of climate-affected depletion curve 

In this study, different projected climatic scenarios (A1B, 
A2, B1, and IPCC Commitment) were considered for future 
years of 2020, 2030, 2040, and 2050. The use of different 
scenarios allows for the estimation of uncertainty of future 
impacts (Pechlivanidis et al., 2015; 2016a; 2016b). The 
Intergovernmental Panel on Climate Change (IPCC) SRES 
(Nakicenovic and Swart, 2000) describes that projected 
scenarios are the product of very complex dynamic 
systems, determined by driving forces such as 
demographic development, socio-economic development, 
and technological change. The main characteristics of A1B 
scenario include low population growth, very high gross 
domestic product (GDP), very high energy use, low-
medium land use changes, medium resource (mainly oil 
and gas) availability, rapid pace and direction of 
technological change favoring balanced development. The 
B1 scenario includes low population growth, high GDP 
growth, low energy use, high land use changes, low 
resource (mainly oil and gas) availability, medium pace and 
direction of technological change favoring efficiency and 
dematerialization. The A2 scenario includes high 
population growth, medium GDP growth, high energy use, 
medium-high land use changes, low resource (mainly oil 
and gas) availability, slow pace and direction of 
technological change favouring regional economic 
development. The IPCC commitment scenario assumes 
that the temperature and precipitation will be restored to 
normal condition (present condition) within some years. 
This scenario is a non-SRES scenario (new constant-
concentration commitment scenario that assumes 
concentrations are held fixed at year 2000 levels). In this 
idealised scenario, models are initialised from the end of 
the simulations for the 20th century, the concentrations of 
radiatively active species are held constant at year 2000 
values from these simulations, and the models are 
integrated to 2100 (Solomon et al., 2007). 

Cumulative snowmelt depth in present climate was 
obtained by multiplying the normalized temperature with 
a degree day factor (a). This snowmelt includes both the 
snow from the snowfall season and the climate induced 
snowfall or the new snowfall due to the climatic condition 
during the snowmelt season. Snow melt depth excluding 
new snowmelt depth was obtained by subtracting the 
cumulative value of new snow melt depth obtained by 
considering the effect of air temperature and precipitation 

from the cumulative snow melt depth in present climate. 
When the temperature at a particular day in the depletion 
period was lower than the critical temperature (in here 
1.0°C), the precipitation for the corresponding day was 
considered as new snow and it contributed to the 
snowmelt depth for the next day when temperature 
exceeded the critical temperature. The snowmelt depth 
was calculated from the degree-day factor (a) and the 
degree-days (Tnorm) corresponding to the next day. The 
modified depletion curve of the snow cover area for the 
changed climate (MDCCLIM) was obtained taking into 
account the amount of snowfall changed by the new 
climate. The shifting of dates for the climate-affected 
snow-cover depletion curves for 2020, 2030, 2040, and 
2050 were determined following the analysis by Rango and 
Martinec, (1994) and Martinec et al., (2007) which is based 
on the cumulative snowmelt depth. The value of the 
modified depletion curve of snow covered area for a 
changed climate (MDCCLIM) was compared with the value 
of the cumulative snowmelt depth due to a changed 
climate obtained by multiplying the climate affected 
temperature with the degree day factor (a). If the value of 
the cumulative snowmelt depth due to climate change was 
equal to or greater than the first value of MDCCLIM, it was 
taken as day 1 till the former value became less than the 
latter. If the cumulative snowmelt depth due to climate 
change was less than MDCCLIM, then the same value of 
MDCCLIM was compared with the succeeding values of 
climate-affected cumulative snowmelt depth and in this 
case, the day was jumped whenever climate-affected 
cumulative snowmelt depth value was less than MDCCLIM. 
Climate-affected depletion curves were generated by 
plotting the daily value of SCA% (from CDC) against these 
shifted dates. These curves indicate the change in the 
duration of depletion, its start and end time, and change in 
the rate of depletion under projected climatic scenarios. 

In this study, it was attempted to derive the effect of 
climate change on the depletion curves in the years 2020, 
2030, 2040 and 2050 under four projected climatic 
scenarios (A1B, IPCC Commitment, A2 and B1) to 
understand the change on a decadal basis. 

4. Results and discussion 

4.1. Analysis during the present conditions 

Daily SCA and Cloud Cover Area percentages of the basin 
were determined from MODIS images. The images having 
cloud cover area percentages more than 5% were not 
considered for the study. For cloud free dates, fifteen days 
average SCA% values for each month were calculated and 
these average SCA% values were plotted against respective 
months to generate snow accumulation and depletion 
pattern of the area.  

Variations of SCA% in accumulation as well as ablation 
months (October–June) were determined for ten snow-
years from 2003 to 2013 (Fig. 5). During winter months, the 
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monthly average temperature decreased from November 
till January-February and increased again up to July. 
Variations of SCA% for individual snow-years also followed 
this unique trend of temperature. It can be observed from 
Fig. 5 that in most of the snow-years, two peaks have been 
observed in the SCA% plots from October to June. The first 
smaller peak was observed in November (occasionally 
October) and the second peak, usually higher than the first 
one, occurred in February or March. From ten snow 
accumulation and depletion curves, the average snow 
accumulation and depletion pattern of the basin was 
obtained (Fig. 5) which also followed the same trend. Two 
peaks were obtained for the average snow cover curve, 
one small peak in November and another peak higher than 
the first one in March. The maximum snow cover area was 
obtained is 67.77 % of the total study area in March. As per 
average curve, the snow depletion started in March and 
ended in June. 

The conventional depletion curve (CDC) representing 
present climate was derived by determining and 
interpolating the SCA percentages from MODIS satellite 
images having cloud cover of 5% or less for ablation period 
of year 2007. Fig. 6 shows the conventional depletion curve 
of the basin for the selected hydrological year (2007). The 
curve shows that the SCA% is highest in the February and 
lowest in May, which can be correlated with the mean 
monthly temperature that reaches its lowest value in 
January and increases again until June.  

4.2. Changes under future conditions 

Fig. 7 shows the cumulative snowmelt depth curves of the 
basin during the ablation period under present climate and 
different projected climatic scenarios in the future. It can 
be observed from Fig. 8 and Table 1 that the cumulative 
snowmelt depth at the end of the ablation period (selected 
as the 3rd of May) is expected to increase from the present 
climatic condition (27.89 cm) under all projected climatic 
scenarios (except for IPCC Commitment in 2050). Change 
in the cumulative snowmelt depth for different years in the 
future is maximum under A1B and minimum under IPCC 
Commitment scenarios. Changes corresponding to A2 and 
B1 are in-between A1B and IPCC Commitment scenarios. 
These patterns can be related to projected temperature 
changes in future years, which are higher under A1B, lower 
under IPCC Commitment and in-between these two 
extremes for A2 and B1 in all future years. Consequently, 
high values of cumulative snowmelt depths are noticed 
under A1B, A2 and B1 scenarios due to higher temperature 
in these scenarios compared to present. Whereas for IPCC 
Commitment scenario, which assumes that the 
temperature and precipitation will be restored to present 
condition within some years, it is observed that the 
cumulative snowmelt depth decreases with advancement 
of years and becomes less than the present condition in 
2050.  

 

Figure 5. Accumulation and depletion patterns for different snow years (a = first fortnight, b = second fortnight of a 
month). The black solid line depicts the average distribution
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Figure 6. Conventional depletion curve 

The CDC for the basin along with climate affected 
depletion curves computed for different projected climatic 
scenarios in the future are shown in Fig. 9. It can be 
inferred that the A1B climatic scenario affects the snow-
cover depletion most. As a result, the depletion of snow 
completes faster in this scenario. Climate affected 
depletion curves under A2 and B1 scenarios are in-
between A1B and IPCC Commitment scenarios. Compared 
to present climate, the shift of the ending date of the snow-
cover depletion under different projected climatic 

scenarios in future years are presented in Table 2. It also 
shows the change in length of snow-cover depletion period 
leading to change in the depletion rate. For all future years, 
depletion completes with the fastest rate under A1B 
scenario, as change in temperature compared to present 
condition is the highest among the scenarios for all future 
years. On the other hand, the depletion period is the 
longest under IPCC scenario since increase in temperature 
for future years are minimum under this scenario for 2020, 
2030 and 2040. In case of 2050, expected temperature 
under IPCC scenario is lower than the present 
temperature, therefore, depletion period is increased and 
depletion rate is decreased for the year 2050 under this 
scenario. It can be observed from Fig. 9 that, under all the 
climatic scenarios, acceleration was found to be high in the 
early and later part of the melt season in 2030 and 2040, 
while in the middle of the melt season, the depletion curve 
approximately followed the CDC. The faster depletion of 
snow in the basin may influence the total runoff 
distribution. In 2050, IPCC Commitment scenario resulted 
in a delayed start of snowmelt due to its lower than 
present temperature. 

  

A1B A2 
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B1 IPCC 

Figure 7. Cumulative snowmelt depths for the future under different scenarios

Figure 8. Change in cumulative snowmelt depth (cm) 
on 3rd May with respect to present climate 

 

Table 1. Change in cumulative snowmelt depth (cm) 
on 3rd May with respect to present climate 

Scenarios/Year 2020 2030 2040 2050 

A1B 5.170 10.050 11.66 19.880 

A2 3.159 8.223 5.905 14.288 

B1 3.510 5.295 7.857 6.881 

IPCC 2.925 3.042 1.521 -0.702 
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2020 2030 

  

2040 2050 

Figure 9. Climate-affected depletion curves under projected climatic scenarios 

Table 2. Change in depletion pattern over years for different climatic scenarios 

Year Scenario 
Depletion 

starts 

Backward 
shift in start 
date, days* 

Depletion 
completes 

Backward 
shift in end 
date, days* 

Duration, 
days 

Decrease in 
duration, 

days 

Average 
depletion 

rate, 
% d-1 

Change in 
depletion 

rate, % 

Present 25 Feb - 3 May - 68 - 0.72 - 

2020 

A1B 28 Feb -3 27 Apr 6 59 9 0.83 15.25 

A2 1 Mar -4 29 Apr 4 60 8 0.81 13.33 

B1 1 Mar -4 29 Apr 4 60 8 0.81 13.33 

IPCC 1 Mar -4 1 May 2 62 6 0.79 9.68 

2030 

A1B 28 Feb -3 22 Apr 11 54 14 0.90 25.93 

A2 28 Feb -3 24 Apr 9 56 12 0.87 21.43 

B1 1 Mar -4 29 Apr 4 60 8 0.81 13.33 

IPCC 1 Mar -4 1 May 2 62 6 0.79 9.68 

2040 

A1B 25 Feb 0 24 Apr 9 59 9 0.83 15.25 

A2 28 Feb -3 29 Apr 4 61 7 0.85 11.48 

B1 28 Feb -3 25 Apr 8 57 11 0.80 19.30 

IPCC 1 Mar -4 3 May 0 64 4 0.76 6.25 

2050 

A1B 25 Feb 0 14 Apr 19 49 19 0.99 38.78 

A2 25 Feb 0 20 Apr 13 55 13 0.89 23.64 

B1 28 Feb -3 25 Apr 8 57 11 0.85 19.30 

IPCC 1 Mar -4 3 May 0 64 4 0.76 6.25 

*minus indicates forward shift in dates
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Fig. 10 compares the number of shifted days for the ending 
date of the snow-cover depletion with the change in 
temperature over future under different projected climatic 
scenarios. The similar trend of the backward shift of end 
date and increase in temperature in all future years under 
all projected climatic scenarios is very apparent from Fig. 
10. It is evident that the number of days of shifting in 
backward direction from present condition is higher when 
the corresponding change in temperature is higher and vice 
versa. For A1B, A2 and B1 scenarios, temperature is 
increasing for all future years, and hence the corresponding 
backward shifting in end date of depletion is also 
increasing. However under IPCC Commitment scenario, it is 
assumed that the temperature and precipitation will be 
restored to present conditions within some years, and 
therefore in this scenario, temperature is increasing 
marginally in 2020, 2030 and 2040 (with difference 
reducing every decade) but is below the temperature in 
2050. Therefore, there is no backward shift in end date in 
2040 and 2050 in this scenario. For any future year, 

backward shift in ending date of snow depletion is the 
highest under A1B and the lowest under IPCC Commitment 
scenarios, with A2 and B1 in-between them, following the 
same pattern as increase in temperature. Increase in the 
backward shift in end date of depletion means faster 
depletion. Fig. 11 shows the resulting increase in depletion 
rate from present rate in future years under different 
projected climatic scenarios. Increase in depletion rate 
with respect to present climate is highest under A1B and 
lowest under IPCC Commitment scenarios, with A2 and B1 
in-between them. As backward shift in end date is 
maximum under A1B scenario, the increase in depletion 
rate is also maximum under this scenario, whereas 
depletion rate is decreasing under IPCC scenario as the 
backward shift is decreasing for future years. The 
accelerated melting and the accelerated retreat of snow-
covered area under A1B, A2 and B1 scenarios will have 
direct implications on snowmelt runoff volume and its 
distribution in time.

  

A1B A2 

  

B1 IPCC 

Figure 10. Acceleration of depletion over years under different projected climatic scenarios 
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Figure 11. Change in depletion rate over years under different projected climatic scenarios

5. Summary and conclusions 

In most of the snow-years, two peaks have been observed 
in the SCA% plots from October to June for the Arunachal 
Pradesh basin. The first smaller peak is observed around 
Oct.-Nov. and the second peak, usually higher than the first 
one, occurs around Mar. – Apr. Change in the cumulative 
snowmelt depth for different future years is maximum 
under A1B and minimum under IPCC Commitment 
scenarios. The shift of ending date of the snow-cover 
depletion under different projected climatic scenarios 
shows that the length of snow-cover depletion period is 
reduced under all climatic scenarios for all future years thus 
increasing the depletion rate. It was observed that the A1B 
climatic scenario affected the depletion pattern most. As a 
result, the depletion of snow completes faster under A1B 
in future years while IPCC has the lowest effect on 
depletion curve having longest duration of snow depletion 
in 2050. Shifting of depletion curves for different future 
years are highest under A1B and lowest under IPCC 
Commitment, A2 and B1 values are in-between A1B and 
IPCC Commitment. This shift of ending date of the snow-
cover depletion is found to be following a matching trend 
with change in temperature over future years under 
different projected climatic scenarios. Increase in depletion 
rate with respect to present climate is highest under A1B 
and lowest under IPCC Commitment scenarios, with A2 and 
B1 in-between them. 
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