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The primary objective of 
INDICE is to understand 
the effect of climate change 
on the cryospheric
contribution to rivers in 
western Himalaya and the 
subsequent effect on water 
resource availability and 
socio-economic status of
the local community.

Part of NFR’s INDNOR programme
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”In a study in the journal Nature Geoscience, 
scientists say that in two of the region’s most 
important river basins – the Ganges and the Indus 
– water levels are unlikely to drop over the next 
century.  This contrasts with earlier studies –
including one by the same authors – suggesting 
water levels in these rivers would drop significantly 
by 2050, threatening the livelihoods of millions.”

What are the probable effects of changes in the
cryosphere and how many people will be 

affected?



Socioeconomic effects – what do people observe?



Downscaled results (all RCPs)

- Time series of daily preciptation
- Time series of daily temperature
- Percentiles (5%, 50%, 95%, 99%)

WP 2

Downscaled 1 RCM time series

- Gridded data of daily preciptation
- Gridded data of daily temperature

MET Data

- Raw data of daily precipitation
- Raw data of daily temperature

WP 3

WP 4 Socio-economic effects

Risk analysis and adaptations ?

Report describing ESD vs 1 RCM

Downscaled results for
water availability ?

X

- links between WPs

WP 1



>100 000 km2 glacier area in ”Greater
Himalayan Region”* and about 32,000 
km2 in “central Himalayan region”, in 
areas that are the sources for the 
Ganges,Brahmaputra and Indus rivers.

*(Zemp et al, 2008)



Regional overview of
distribution of glaciers
and ice caps.



A recent inventory by the Geological 
Survey of India gives 9 575 glaciers in 
the Indian administered part of the 
Himalaya comprising the territories of 
Jammu and Kashmir, Himachal 
Pradesh, Uttarakhand, Sikkim and 
Arunachal Pradesh. 
The total glacier cover within these
states is 37 000 km2



AX010: 1996-99
Changmekhangpu: 
1981-86

Rikha Samba: 
1999

7 glaciers (India)
inc. Chhota Shigri.
Series length; 3-9 yrs

Mass balance measurements, by region



Challenges:

Norway

Himalayas

Short distances, easy
access – travel when good
weather, short trips

Difficult acess – dates
arranged beforehand
(regardless of weather
forecast), long trips



HKH – source
of the great

rivers of Asia



Glacier mass change studied by measuring change in 
elevation from laser altimetry (ICESat) and SRTM DEM. 
(Kääb et al, Nature, 2012).

• Widespread glacier wastage in E, central and SW parts of HKKH in 
2003–08. Maximal thinning rates were 0.6 m/yr in Jammu–Kashmir. 
• But, in the Karakoram glaciers thinned by only a few cm/yr. 
•The 2003–08 specific mass balance for entire HKKH region was -0.21 
m/yr w. eq, significantly less negative than estimated global average. 
This difference is mainly an effect of the balanced glacier mass budget 
in the Karakoram. 
• The HKKH sea level contribution is ~1% of present sea level rise.



Use WRF «low-resolution» (50 km) simulations
forced by ERA interim (hindcast) and NorESM
CMIP5 (scenario) data for CORDEX South Asia 
domain

Western 
Himalaya nested
domain: 10 km

Centre of domain
is midway
between Chhota
Shigri and 
Kolahoi glaciers



Climate modelling continued
WRF «high-resolution» (10 km) simulations covering
Western Himalaya nested domain.
Initial model runs completed for 4 different  parameter-
isation schemes (2 x cumulus and 2 x radiation).
Produce high resolution WRF-ERA interim and WRF-
NorESM integrations.
Produce high resolution WRF-NorESM integration with
modified glacier parameterisation (using Noah LSM).
Produce offline HBV hydrological model simulations
forced by above
Comparison of runs using constant and time-dependent 
glaciers in WRF and HBV



Empirical statistical 
downscaling and statistical 

analyses
o Analysis of observed rainfall and temperature change 

trends over Western Himalayan Region (WHR)

o Assessment of GCM simulations over WHR

o Construct the future  rainfall and temperature 
multimodal ensembles trend using  available AR4/AR5 
GCMs simulations

o Projection of rainfall statistics based on the ensemble 
of GCMs and downscaled pdfs using Empirical 
Statistical Downscaling method.



Preliminary results of ESD
• Historical data indicate significant decrease in rainfall 

and clear indication of warming with a higher warming 
in winter  (~1.04OC /41 years) and cooling in monsoon 
(-0.02OC /41 years).

• Based on results from different RCPs, the annual 
temperature is projected to increase  by 0.71 to 
5.82OC by the end of 2100 whereas winter will warm 
by 0.66 to 6.44 OC  over the WHR.  

• Future projections from GCM simulations indicate that 
rainfall will increase over the W. Himalayan Region

• After  downscaling through ESD, the selected GCMs 
are able to capture the inter-annual and intra-annual 
(seasonal) variability quite satisfactorily



1. Kolahoi Glacier
2. Chhota Shigri Glacier

Study area for INDICE is concentrated on two
glaciers – Chhota Shigri glacier in Himachal 
Pradesh and Kolahoi Glacierin Jammu and 
Kashmir. 



Immediate Impact 
Zone delineated for 
the studied glaciers



Changes in snow cover in Lidder watershed also studied.



Use results from other workpackages to make an 
assessment of effect of cryospheric variability on the 
socio-economic status of the downstream communities
• To develop an understanding of livelihood dependence 

of downstream communities on melt water; 
• To identify the degree of vulnerability to variations in 

melt water and changes in precipitation on the 
downstream population

• To suggest measures for the stakeholders as 
adaptation responses to these variations



Secondary objective:
- promote research cooperation with India and

provide a cohesive framework for research
initiatives targeting India. Bring together key
institutions in Norway and India in the fields of
meteorology, hydrology and the cryosphere.



Student work will be presented in poster 
session this afternoon at 4 pm

• 3 posters from BCKV
• 3 posters from TERI
• 1 poster from JNU

Come for the posters! 
Stay for the Tapas!



• Paucity of data – there are few hydro/-
meteorological stations at high altitude; few long-
term glacier mass balance series 

• Accessibility of data – hydrological discharge and 
other data are restricted by Indian Government

• Quality of data/missing data 

• Administrative burden

• Unexpected incidents ………



Many challenges, but on the bright
side ………….
- strengthened research co-
operation between Norway and India
- promising in terms of long-term co-
operation by having close links with
students (future professors!)
- better research tools (e.g. ESD, 
«R» available at Indian institutions)



Turkish Airlines flight from Istanbul to Kathmandu, 4th 
March 2015.

Previous annual meeting

Next annual meeting was online ……………



Bhaktapur – April 2015

Bhaktapur – March 2015



Thank you

www.nve.no/indice

mja@nve.no
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