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Hypothesis behind this study

 Comprehensive glacier surface energy balance (SEB) studies are very 
useful for understanding of glacier–climate relationship.

 Very few studies have been carried out in the High Himalayan glaciers 
till date (e.g., Glacier AX010, Kayastha et al., 1999)

 Unfortunately glacier SEB studies from Indian Himalaya (covering 
Western, some Central and Eastern parts of Himalaya) are not available.

 Therefore, there is an urgent need to conduct detailed SEB studies in 
different regions of Himalaya.

 Chhota Shigri is the most well studied glacier in the Indian side of the 
Himalaya as well over the whole Himalayan arc.
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 Use of Automatic weather station (AWS) provides the noble 
opportunity to obtain long and continuous records of meteorological data 
and to study the seasonal and inter-annual variations in SEB at point 
locations (e.g., Oerlemans, 2000)

 However, surface conditions in the melt zones of glaciers are very 
unstable (high melt rates, forming of crevasses, development of melt 
water streams, etc.), and consequently it has taken some time to develop 
stations with a satisfactory performance. 

Other problems involve energy supply, moisture, and riming. 

Therefore, one cannot expect hat an AWS on a glacier has the 
accuracy of a regular manned weather station

Use of AWS
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Objectives

EB analysis of Chhota Shigri Glacier, using in-situ AWS 
measurements

1. Glacier’s microclimate analysis using AWS established on 
lateral moraine.

2. Analysis of the Surface Energy Balance components- total 
budget of incoming and outgoing

3. Role of energy fluxes (budget) on the Mass balance of 
Chhota Shigri glacier.  
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Chhota Shigri galcier

 Longest glaciological mass balance
data on Indian Himalaya- glacier-wide
annual mass balance has been monitored
since 2002

A valley-type glacier located in the
Chandra- Bhaga River basin, Pir Panjal
Range, India

 Total glacierized area 15.7 km2

Mostly free of debris (only 3.4 %)

The equilibrium-line altitude for a
zero annual mass balance (ELA) was
found to be close to 4900 ma.s.l.

 Between 2002-2013, mean annual-
wide mass balance -0.59±0.40 m w.e yr-
1
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AWS locations

• Position: Middle ablation 
zone of the glacier (AWS-1 
on glacier surface, 4665 m) 
and lateral morain (AWS-2 
on moraine, 4863 m)

• Data Logger: Campbell-
CR1000

• Data Logging interval: 30 
min

AWS on Chhota Shigri
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Sensors

On surface

On moraine
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Sensors

Wind speed and direction

Solar Radiation( incoming 
and outgoing both)

Sonic ranger (surface 
fluctuation)

Air temp. and Humidity

Data logger

Energy supply (battery)
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Data Collection Process (in-situ data collection)

Two method
1. By Data cable(RS-232-Serial cable and PC200)

2. By Card Reader

Data
4 types of data recorded
1.every 30 min interval
2.Daily minimum
3.Daily maximum
4.Daily average value

Data file type
CR1000_data_30mn.dat                   data_30min.xls             
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Data treatment and corrections

1. Find the data gap
2. Identify the outliers
3. Remove the outliers

For short period data gap (e.g. 2-3 days) we fill through linear interpolation. Weather dose not vary much 
in 2-3 days. 
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Strictly we use 30min data for every calculation- to get more temporal changes



Problem with AWS- on glacier/ off glacier

On glacier- over glacier surface

With the melting of glacier surface ice, AWS also decreases 
its height.

Differential melting sometimes, make AWS tilt or it fall 
down on the surface. 

In winter, the whole AWS covered with huge snow- damage

Off glacier- over glacier moraine

Only and main difficulty is, the AWS itself placed on 
rock/soil surface. We could not extrapolate it for the 
glacier melting/ ablation modeling.

Because, reflectance properties of snow/ice surface and 
rock/soil surface is completely different. 
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Micrometeorology from AWS-moraine

Tair and Tsurf always near 0 or >0 °C 

Wind speed quite low resulting high 
temperature compared to other 
seasons

Humidity quite high due to high 
temperature

SW and LW both are quite high-
mainly high SWI

Albedo also dose not fluctuates 
much ~0.4. Less snowfall 

Cloud covers follows the LW 
radiation

Very less precipitation through ISM 
is summer
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Micrometeorology from AWS-moraine

Seasonal means and annual mean (standard deviations) of Tair, RH, u and SWI 
over four hydrological years between 1 October 2009 and 30 September 2013
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Micrometeorology- Precipitation

The ISM contributed only 21% while MLW added 79% precipitation to 
the annual precipitation (976 mm) at Chhota Shigri base camp.
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Energy Balance- equation and methods

QM = QN + QH + QL + QG + QR 
Where,
QM = energy available for melting
QN = net radiation
QH = sensible heat flux
QL = latent heat flux
QG = ground heat flux, change of the internal energy    
(temperature change)
QR = sensible heat flux of rain.

QN = SWin+SWout+LWin+Lwout

QG and QR are very negligible for glaciers like in the Himalaya.
We calculated the QG using standard equation. 
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Energy Balance- equation and methods

 If sum of net radiation is positive on a temperate glacier,  

Then the energy goes towards:
heating of snow/ice, when the snow/ice temperature at the surface is 
negative.
melting, when the snow/ice temperature at the surface is zero.

 If the sum of net radiation and sensible and latent heat fluxes is 
negative, 

Then the glacier cools:
Melting is zero and the energy balance is closed by cooling of the glacier 
(positive ground heat flux).
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Energy Balance- equation and methods

Turbulent fluxes:

Latent (LE) and Sensible heat (H) fluxes were calculated 
using bulk aerodynamic method (Azam et al., 2014b)
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Wind regime- on glacier surface- using surface AWS
direction of the local flow line of the glacier.

down-glacier wind coming from south to 
southwest during post-monsoon and winter 
periods
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Energy Balance Components

 Short wave incoming is the main driver for melt energy
 Q (melt energy) is always positive in summer monsoon
 Latent heat flux = positive during summer-monsoon- less sublimation more melting 
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Energy Balance- diurnal pattern
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Model validation

Melting calculated through SEB compared with on glacier ablation stake.

Strong relationship between computed and measured melting (R2= 98)
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Another approach, 
We correlated observed/measured surface temperature and modeled surface 
temperature (using Stephen Boltzman).

Model validation
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Control of summer-monsoon snowfall on melting

 In summer-monsoon 2012 Chhota 
Shigri Glacier received one important 
snowfall on 17–19 September of 25mm 
w.e.

 This snowfall abruptly changed the 
surface conditions by varying the 
surface albedo from 0.19 to 0.73.

 light snowfalls, observed from 13 to 
16 September 2013 and from 24 to 30 
September 2013, were only able to 
protect the glacier from high melting for 
some days but could not maintain a 
persistent snow cover as in mid-
September 2012.
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Different Surface condition

In summer (very low albedo, 
high melt)

In winter (very high albedo, 
less melt)

2nd Indo-Swiss Capacity Building Programme on Himalayan Glaciology , New Delhi 



Control of summer-monsoon snowfalls on melting- confirmation using 
long-term data

Annual glacier-wide mass balances 
between 2002 and 2013 were compared 
with the largest summer-monsoon daily 
snowfalls of the corresponding season.

 Extrapolated using daily 
precipitation data from Bhuntar

 Best relationship is obtained when 
considering the sum of the three most 
important daily snowfall records of the 
corresponding summer-monsoon season 

 The correlation is strong 

(R2 = 0.88, n = 11 years)
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Comparison of SEB with other Himalayan/Tibetan 
Plateau glaciers 

Glacier Altitude 
(m a.s.l.)

Region 
(ISM dominated, Y or N)

Period of 
observation

R 
(W m-2)

H 
(W m-2)

LE 
(W m-2)

Rest 
(W m-2)

Q 
(W m-2) Reference

Glacier AX010
4960

central Himalaya, Nepal 
(Y)

25 May- 25 Sep 
1978

64 (85) 8 (10) 4 (5) - 74 (100) Kayastha et al., 
1999

Glacier AX010
5080

central Himalaya, Nepal 
(Y)

25 May- 25 Sep 
1978

55 (83) 8(12) 3 (5) - 63 (100) Kayastha et al., 
1999

Xixibangma
5700

south central TPa (N) 23 Aug- 11 Sep 
1991 28(86) 5(14)

̵ 19 (57) -
14(43)

Aizen et al., 2002

Parlung No. 4 4800 southeast TP (Y) 21 May- 8 Sep 2009 150 (84) 28 (16) ̵ 1 (1) ̵ 1 (1) 176 (98) Yang et al., 2011
Zhadang 5660 central TP (N) 1 May - 30 Sep 

2010
62 (86) 10 (14) ̵ 8 (11) ̵ 4 (5) ̵ 61 (84) Zhang et al., 2013

Zhadang 5660 central TP (N) 1 May - 15 Sep 
2011

27 (77) 8 (23) ̵ 10 (28) ̵ 2 (5) ̵ 24 (67) Zhang et al., 2013

Keqicar 4265 southwest Tianshan (N)
16 June-7 Sep 

2005b

63 (81) 14 (19) ̵ 54 (70) - 23 (30) Li et al., 2011

Laohugou No. 
12 4550 western Qilian, China (N)

1 June-30 Sep 2011 81 (93) 7 (7) ̵ 13 (15) - 75 (85)
Sun et al., 2014

Chhota Shigri 4670
western Himalaya, 

India (Y) 8 July-5 Sep 2013 188 (82) 31 (13) 11 (5)
-

230 (100) Present study

aTP = Tibetan Plateau; bwith a gap of 1 July to7 Aug 2005

SW radiation is the main source for melting on 
every glacier.
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Conclusion

Sensible heat flux = positive all the time- transported heat towards the 
glacier surface 

Latent heat flux = positive during summer-monsoon : resublimation.

Latent heat flux = negative during post-monsoon & winter : sublimation

 EB = positive in summer-monsoon period - melting

 Net all-wave radiation = 82% , H and LE = 13% and 5%, respectively 

 Summer Monsoon snowfall event = is one of the important MB drivers 

 Good validation of present model -reliable enough to make robust 
calculations of surface energy balance

Still, we need round the year/ long term data for better 
understanding
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Chhota Shigri glacier, September, 2013



Thank you for your kind attention and patience!!
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