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 Himalaya and adjacent mountains- Water tower of Asia

 Source of major Asian rivers- Yellow, Yangtze, Irrawaddy, Mekong  Indus, Ganga, 

Brahamaputra etc

 More than 1.4 billion people depend on water from these basins (Immerzeel et al., 2012)

Source: Imeerzeel et al., 2013

Water Tower of Asia

Almost 800 million people live in the catchments of Indus, Ganga and Brahmaputra rivers.

Hydrological budget – controlled by Precipitation.

Collectively provide close 
to 50% (320 Km3) of the 
total country’s  utilizable 
surface water resources 
(690 Km3).  



Reported Average Annual Precipitation (mm) of three major 
Basins

Variability in the Average Annual precipitation 
estimates 

Indus (mm/year) Ganga (mm/yr) Brahmaputra (mm/yr) References

423 1035 1071 Immerzeel et al. (2010)

1097 1051 2589 Jain and Kumar (2012)

405 1118 1145 Kaser et al. (2010)

Difference                         Variability

Indus basin                 692 mm                            ~250%
Ganga basin                83 mm                              ~100%
Brahmaputra basin    1518 mm                          ~240%



Indus (mm/yr) Ganga (mm/yr) Brahmaputra (mm/yr) References

423 1035 1071 Immerzeel et al. (2010)

1097 1051 2589 Jain and Kumar (2012)

405 1118 1145 Kaser et al. (2010)

413 1081 1460 Khan et al. 2018

Average 

annual TRMM 

derived 

precipitation 

map

2001-2010.





Basin Glacier 
melt (%) References

Indus
26

Immerzeel et al., 2010; Immerzeel and 
Bierkens, 2012

44.8 Jianchu et al., 2009

Ganga
3.1

Immerzeel et al., 2010; Immerzeel and 
Bierkens, 2012

9.1 Jianchu et al., 2009

Brahmaputra
<10

Immerzeel et al., 2010; Immerzeel and 
Bierkens, 2012

12.3 Jianchu et al., 2009

Reported Data on Glacial melt

Difference    Variability

Indus             18.8%       >170%

Ganga              6%          ~300%

Brahmaputra  <2.3%      ~100%



Over estimation of glacial melt water(Schaner et al., 2012)

Global hydrology model and glacier energy balance

Existing glaciers melt contribution to river discharge are either shown overestimation or  
simply wrong.

(%)

One sixth of the 
world’s population 
resides in areas that 
rely on snow or 
glacier melt for a 
major of its water 
supply (Barnett et al, 
2005).



Available estimate for the Upper Ganges 
(Maurya et al. 2010) (at Rishikesh)

Total Contribution of glacial ice melt to the
stream discharge peaks during summer and
monsoon, reaching a maximum value of
apprx.40% with an average of 32%.

Bhagirathi basin...

In this Basin Gangotri glacier  is drained.

One of the Largest and fastest retreating 
Glacier in Himalaya.

More than 100 years retreat data 
available.



Reverse Calculation of ice volume and   thinning in 
Bhagirathi Basin
Total Glacierzed Area = 755.47km2

Area of Gangotri Glacier = 143.58 km2

% of Glacierzed Area (of total glacier area) represented by Gangotri Glacier in 
Bhagirathi Basin = 19 %

Total Area Vacated by Gangotri (1935-1996) in 61 years = 5,78,100m2

Area vacated by Gangotri glacier in one year=9477 m2

Annual Areal retreat in Bhagirathi Basin = 9477m2x 5.3 =  0.0502km2.

Average Annual flow of Bhagirathi River at Devprayag =6.3km3

Bhagirathi discharge in ice equivalent= 6.87km3

30% of Bhagirathi discharge ice equivalent=2.06km3

Basic data Source:  GSI, DST Status Report on Gangotri Glacier  and Chakrapani (2009)



Annual average vertical Loss, h = (Volume /area) =2.06km3/0.0502 m2= 41.2 m

This vertical thinning from the retreated area of the Bhagirathi basin.

Ablation area of the Gangotri glacier is 92.48 km2 which is 64% of total 

glacerized area of Gangotri.

Considering 64% of the entire glacierized area in Bhagirathi basin, the average 

annual thinning (h =  volume/area) works out to 4.26 m (2.06km3/483.50 km2)

However, the reported maximum annual thinning rate of Himalayan glaciers 

ranges from 0.32 ±0.08 to 0.79 ± 0.52 m /yr (Benn et al., 2012). 

Highest thinning rates for the Gangotri glacier have been reported as ~1.5 m/yr 

(Dong et al., 2013). 

Thus, existing estimates do not appear to be correct !!!!



Mixing Model:

A three component mixing model using the values of 18 O and electrical conductivity(EC)

Major contributors in stream flow

(1) Surface run off- Snowmelt and rainfall

(2) Glacial ice melt

(3) Ground water discharge 

I + G + R = T ……… (1)

I - Ice melt

G - Ground water

R – Surface Runoff

T – Total Discharge

i + g + r = 1 ……. (2)

Using these Values of g and r, we can calculate
the Value of i by putting these Values in Eq.
(2).



Glacial Melt Calculation for the Bhagirathi 
basin end members

Glacial Ice end member δI =-15.6‰
 Ground Water δG =-8.6 ‰
Surface run off (Precipitation) δR =-10.7 ‰(Pre-
monsoon)
Surface run off (Precipitation) δR =-11.1 ‰(Post-
monsoon)
Glacial Ice EI =115  (Lambs, 2000)
Ground Water EG =330
Surface runoff (Precipitation) ER =20



Glacial melt Calculation for the Alaknanda
basin end members

Glacial Ice end member δI =-16.7‰
 Ground Water δG =-7.8‰
Surface run off (Precipitation) δR =-8.21 ‰(Pre-
monsoon)
Surface run off (Precipitation) δR =-11.1 ‰(Post-
monsoon)
Glacial Ice EI =115  (Lambs, 2000)
Ground Water EG =300
Surface runoff (Precipitation) ER =20



Location Pre-monsoon Post-monsoon

Surface 

runoff 

(%)

Ground 

water 

(%)

Glacial

melt (%)

Surface 

runoff 

(%)

Ground 

water 

(%)

Glacial 

melt 

(%)

Bhagirathi basin 50 39 11 70 17 13

Aalknanda basin 61 31 8 64 26 10

Upper Ganga up to 

Rishikesh

60 30 10 65 24 11

Results

These estimates closely matches with the reported ice thinning rates of the Himalaya 
(~1.2 m/year).



Cause of Glacial melt over estimation

Location δ18O (‰) Sources

Gaumukh, 

Gangotri

Glacier Ice

-18.5 Rai et al., 2009

-15.0 Rai et al., 2009

-14.5 Rai et al., 2009

-15.6 Khan et al., 2017

-15.9 This work

Most depleted heavier isotopes value represent glacial Ice

Time δ18O (‰)

Gomukh May 2004 -2.6

Jun 2004 -6.7

Jul 2004 -5.5

30⁰ 55' 34" N Aug 2004 -17.5

79⁰04' 15" E Sep 2004 -22.2

Oct 2004 -16.5

3800 m a.s.l Jun 2005 -6.4

Jul 2005 -7.6

Aug 2005 -17.2

Sep 2005 -11.8

May 2006 -30.3

Jun 2006 -8.4

Jul 2006 -13.4

Aug 2006 -15.3

Sep 2006 -17.6

Time δ18O (‰)

01 Aug 2013 -12.9

08 Aug 2013 -16.8

Bhojwasa 13 Aug 2013 -30.7

19 Aug 2013 -19.3

23 Aug 2013 -15.8

28 Aug 2013 -16.8

31 Aug 2013 -16.6

01 Sep 2013 -16.8

09 Sep 2013 -3.2

11 Sep 2013 -16.5

27 Sep 2013 -15.2

1 Oct 2013 -16.7

Isotopic value of rainfall in the Bhagirathi basin

Rainfall mean δ18O = -18.3‰

Time δ18O (‰)

Gangotri May 2004 -6.2

Jun 2004 -7.6

Jul 2004 -6.7

Aug 2004 -14.6

30⁰ 59' 48" N Sep 2004 -19.9

78⁰56' 25" E Oct 2004 -17.4

3053 m a.s.l Jun 2005 -1.8

Jul 2005 -17.6

Aug 2005 -9.3

Sep 2005 -28

May 2006 -3.1

Jun 2006 -4.8

Jul 2006 -9.9

Aug 2006 -16.3

Sep 2006 -12.4

Kumar et al., 2010

Rain fall represents pseudo 

glacial melt in the river

Ice mean δ18O = -15.9 ‰
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Thank you…….


