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Hypothesis behind this study

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

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

s Unfortunately glacier SEB studies from Indian Himalaya (covering
Western, some Central and Eastern parts of Himalaya) are

¢ 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 AWS
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Objectives
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Chhota Shigri galcier
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AWS locations
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Sensors

Variable bol {unit Sansor

AWST et on“Slirface
air tamperature T ('C) Campball HMP1554" | 0B& 25 +0.1a0"C

relative humidity RH (%) Campbell HMP1554" | 0.8& 25 +1% RH at15°C

wind speed uims™) A100LK, VectorInst. | 08425 +0.1ms” upto10ms”’
wind direction WD (degrea) W200P Vector Inst. | 25 12 deg

incoming and outgoing short wave radiations  SWI, SWO {Wm'e]n Kipp & Zonen CNR-4 | 1.8 +£10% day total

incoming and outgoing long wave radiations  LWI, LWO (Wm™)  Kipp & Zonen CNR-4 | 1.8 +£10% day total

air pressure B, (hPa) Young 61302V 1 +0.3hPa
accumulation/ablation SHS50A (m) Campball SRs0A” 16 £0.01 m or 0.4 % o targeat

AWS2 On moraine

initial height (m)  stated accuracy

air tamiparatura T C) Campbeall H3-53-XT | 15 £0.1at0"C

relative humidity RH (%) Campbell H3-53-XT | 15 +15%AHat 23°C
wind speed uims™) Campbell 05103-10-L| 3.0 +0.3ms™
incoming short wave radiation SWIWm™) Kipp & Zonan CNR-1 | 25 +10% day total
incoming long wave radiation LWI (W m™) Kipp & Zonan CNR-1 | 25 +10% day total
Precipitation (base camp) {mm) Geonor T-200B 1.7 (inlet height)  £0.6mm

* aspirated during daytime with RM Young 43502 radiation shislds,
" mounted on & ssparated aluminum pole drilled into the ice,
* 1.5m was initial haight for SAS0A sensor.
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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)
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Data treatment and corrections
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Micrometeorology from AWS-moraine
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Micrometeorology from AWS-moraine

Winter Pre-monsoon  Summer-monsoon  Post-monsoon
(DJFM) (AM) (JJAS) (ON)

Annual
mean

~134(09) -53(0.7)  2.5(0.6) —78(1.4)
42 (2) 52 (2) 68 (1) 39 (6)

5.5 (0.6) 3.5(0.2) 28(0.1) 44(0.5)
161 (12) 200 (34) 266 (7) 176 (18)
192 (3) 231(2) 280 (17) 187 (8)
679 148 117 32

~58(0.2)
52 (2)
41(0.2)
221 (14)

230 (6)
976
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Micrometeorology- Precipitation
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Energy Balance- equation and methods

Turbulent Sensible heat flux
and Latent heat flux
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Energy Balance- equation and methods
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Energy Balance- equation and methods
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Wind regime- on glacier surface- using surface AWS

direction of the local flow line of the glacier.
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Energy Balance Components
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Energy Balance- diurnal pattern
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Model validation
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Model validation

Y= 0.857*X + 0.0257
r2 =0.96

Ts mod (°C)
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Control of summer-monsoon snowfall on melting

Tair (°C)
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Different Surface condition
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Control of summer-monsoon snowfalls on melting- confirmation using
long-term data
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Comparison of SEB with other Himalayan/Tibetan
Plateau glaciers

Glacier Altitude Region Period of R H LE Rest Q
(ma.s.l.) | (ISM dominated, Y or N) observation (Wm32) [(Wm?) | (Wm?3) [ ( Wm?2) [ (Wm?) Reference
Glacier AX010 central Himalaya, Nepal 25 May- 25 Sep 64 (85) | 8(10) 4 (5) - 74 (100) Kayastha et al.,
4960 (Y) 1978 1999
Glacier AX010 central Himalaya, Nepal 25 May- 25 Sep 55(83) | 8(12) 3(5) 63 (100) Kayastha et al.,
5080 (Y) 1978 1999
Xixibangma south central TP2 (N) 23 Aug- 11 Sep -19 (57) Aizen et al., 2002
5700 1991 28(86) | 5(14) 14(43)
Parlung No. 4 4800 southeast TP (YY) 21 May- 8 Sep 2009 | 150 (84) | 28 (16) | -1 (1) -1(1) | 176 (98) | Yangetal., 2011
Zhadang 5660 central TP (N) 1 May - 30 Sep 62 (86) | 10(14) | -8(11) | -4(5) | -61(84) | Zhangetal., 2013
2010
Zhadang 5660 central TP (N) 1 May - 15 Sep 27 (77) | 8(23) |-10(28) | -2(5) | -24(67) | Zhangetal., 2013
2011
16 June-7 Sep 63 (81) | 14 (19) | -54 (70) 23 (30) Lietal., 2011
Kegicar 4265 southwest Tianshan (N) 2005
Laohugou No. 1 June-30 Sep 2011 | 81 (93) 7(7) |-13(15) 75 (85)
12 4550 | western Qilian, China (N) Sun et al., 2014
western Himalaya,
Chhota Shigri 4670 India (YY) 8 July-5Sep 2013 | 188(82) | 31 (13) | 11(5) 230 (100) Present study

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

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

transported heat towards the

glacier surface
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