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Upper Indus Basin
(UIB)

• 15061.74 km2 area

• 11413 glaciers 

(Bajracharya and Shrestha, 2011)

• Delivering water for Pakistan
• Agriculture

• Drinking

• Power production

• Third Pole
• Climate Change

(Khan et al., 2015)



(Khan et al., 2015)



Precipitation
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Most of the UIB Precipitation falls in winter and spring 

seasons mainly due to westerly circulations, whereas 

summer precipitation constitutes limited proportion



Westerlies Monsoon

• Astore by Westerly (~66% of Annual prec.)

• Shiquanhe by Monsoon (~90% of Annual prec.)

• Astore receives ≥850mm and Shiquanhe ≥200mm.

• Due to higher concentration of snow- & 

glacier-melt runoff, Astore stream-flow is 

highly sensitive to temperatures fluctuations 

as compare to Shiquanhe

Different Climate Conditions



• Winter upward trends are concentrated in the early winter, limited change occurs 
from February to April (except Gilgit), whilst increases are displayed in June and 
July.

(Sharif et al., 2013) 

1966-1995

Temperature Precipitation



(Hasson et al., 2015)

Tavg - average temperature

cooling (downward) 

warming (upward)

P - precipitation

decrease (downward) 

increase (upward)

• Decrease in March-June period, a clear signal of dryness during the period March-June 
(spring month)

• Increase in winter season and September (last monsoonal month), signal of wetness; 

• Higher in magnitude at high altitude stations compared to low altitude stations.

1995-2012
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Trend of Precipitation



• Shifts in the summer month (June - August)

• Recent decades (1995-2012): drying trend

• Long-term (all record year): wetting trend

• May attribute to multi-decadal variability that is associated with the global indices (i.e., NAO and 
ENSO)

• Consistent increase in September precipitation for both long-term trend and trend 
obtained over 1995-2012 at low altitude stations.

(Hasson et al., 2015)

1960s-2012

P - precipitation

decrease (downward) 

increase (upward)

Long-term Trend of Precipitation 



Snow cover



• Snowfall started at the month of September

• Maximum snow-cover reaches in Mar-Apr month

• Seasonal snow cover reaches 50-60% of the basin area

• Snow-melt period starts in late March or early April

• Most of the snow melted away be the end of August

• Significant negative trend for winter snow cover

Seasonal snow cover from 2000 to 2008 

based on MODIS MOD10C2 product for UIB

(Immerzeel et al., 2009)

UIB Mean Monthly Snow Cover (2003-2010)

(unpublished)

Pearson correlation coefficients for seasonal trends 

in snow cover UIB and the three elevation zones

Zone 1  (2000 m), Zone 2 (4700 m), Zone 3 (5000 m)



Astore BasinHunza Basin

(unpublished)

Snow Cover Change in Astore and Hunaz Basin



Astore basin Snow Cover 

Duration and Depletion Timings

No much variation found in 

inter-annual snow cover 

depletion. However, the snow 

residual period was highest in 

2004 , and lowest in 2008 due 

to temperature variation

(Farhan S, et al., 2014)



• The snow accumulation period starts in 
October and the maximum snow cover 
reaches a range of 90–95% (Astore) and 
75-80% (Hunza);

• The snowmelt period starts in early April 
and the minimum snow cover is observed 
during August and September when the 
snow cover drops to a range of 5–10% in 
Astore and 35-40% in Hunza

(Tahir A, et al., 2011, 2015)

Snow Cover Area Change 

With Time Period

• Snow cover area with the constancy or 
slight increase trends in 



Glacier



UIB Glacier Map
(Khan, et al., 2015)

 Percentage of glacier area: Debris-

covered ice 11%, Clean ice 24.3%, Snow-

covered ice 27.1%, Perennial and 

seasonal snow 37.5%

 Higher glacier cover: Shigar basins 38.9%, 

Hunza basins 30.4%, Shyok basins 25%;

 Lower glacier cover:  Kharmong, Astore, 

Gilgit and UIB: area between Tarbela Dam 

and Kharmong gauging station (the sub-

basins to the south)

Unit: km2



• Equilibrium Line Altitude (ELA) estimates based on the Snow Line Elevation (SLE) in 
various watersheds range between 4800 and 5500 m, while the Accumulation Area Ratio
(AAR) ranges between 7% and 80%.

• 0 ℃ isotherms during peak ablation months (July and August) range between 5500 and 
6200 m in various watersheds

(Khan, et al., 2015)



• the ELA and AAR values in the Karakoram region (the western 
Karakoram; Hunza and Shigar watershed) are far different from 
western Himalayan glaciers (Kharmong watershed, and other 
studies).

(Khan, et al., 2015)



• Surge-type glaciers occupy 41% 

• The time series of debris-covered surface area 
change shows a mean value of zero or nearzero
change for both surging and non-surging 
glaciers. 

• An increase in debris-covered area is often 
associated with negative regional mass 
balances. 

• Stable regional mass balances in the 
Karakoram explain the zero or near-zero 
change in debris-covered area. This

(Herreid, et al., 2015)

Supraglacial debris-cover area change

Glacier area change

Debris area change

Box plots: First for no-surge-type, second for surge-type glaciers



Discharge/runoff



Gilgit

Hunza

Astore

Besham

Kachura
Shigar

Shyok

Kharmong

Alam Bridge

• 05 out of 07 catchments of UIB depicts rising discharge trends

• Only 02 catchments shows declining discharge trends

• Discharge of whole UIB does not shown any significant change

Inter-Annual Trends of 

UIB sub-basins Discharge



(Hasson et al., 2015)

• Indus at Kharmong (Eastern UIB), Gilgit at Gilgit (Hindukush) and Astore at Doyian are 
primarily snow fed basins, generally featuring their peak runoff in July. (show in color)

• The rest of the basins are mainly glacier fed basins that feature their peak runoff in 
August. (show in gray shades)

Long-term median hydrograph (Seasonal Change)



1960-1998

Annual Jan - Mar

Apr - May Jun - Jul

Aug - Sep Otc - Dec

Spatial distribution of discharge trend



• During winter, spring and autumn seasons, discharge at most sites increases while 
during summer season and on an annual time scale there is a mixed response.

• Most of the hydrometric stations experience a decreasing trend of discharge 
during the month of July, owing to drop in July temperatures, which are mainly in 
high-altitude/latitude glacier-fed regions;

• regions showing an increase in discharge during September are mainly the 
western region of UIB

(Hasson et al., 2015)

1995-2012
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Trend of 

Discharge

Q - discharge

increase 

decrease



• Winter discharge features an increasing trend, while for the rest of seasons and 
on an annual time scale, sites mostly exhibit a mixed response.

• Shift during the seasonal transitional month of June and within the high flow 
months July-September

• long term trend: eastern-, central- and whole Karakoram, UIB-Central, Indus at Kachura, Indus 
at Partab Bridge and Astore regions is increasing while rest of regions is decreasing

• May attribute to a multi-decadal variability of climatic processes over the region, which 
is driven by NAO and ENSO

Q - discharge

increase 

decrease
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(Hasson et al., 2015)

1960s-2012

Trend of 

Discharge



Astore Gilgit

Hunza

Kharmong

Inter-Annual Trends of 

UIB sub-basins Discharge

Kachura Shyok

Shigar Besham

• Astore and Gilgit showing 

rising discharge trends

• Hunza and Kharmong showing 

declining discharge trends

• Kachura, Shyok and Shigar

showing rising discharge trends

• Overall UIB discharge 

measured at Besham does not 

shown any significant trend



• Future river flow is projected by both models (CCAM and RegCM)  to 
increase in the twenty first century in both scenarios.

• The percentage of increased river flow is larger in winter than in summer

(Ali et al., 2015)

Discharge prediction in UIB



ICIMOD-FutureWater-PMD-WAPDA
Gridded Meteorological Datasets and Hydrological Modelling 
in the Upper Indus Basin

• To develop a high-quality meteorological 
forcing dataset (temperature and 
precipitation) for the UIB by merging existing 
gridded datasets and high-altitude climate 
observations.

• To improve the existing large-scale SPHY 
model and recalibrating the model with 
additional observations (geodetic mass 
balance, time series of river runoff, time 
series of reservoir inflow data).

• Test a new approach for statistical 
downscaling

• To use the recalibrated SPHY model to 
examine shifts in the basin hydrology under 
CMIP5 climate change scenarios.



Improve historical climate datasets



Ongoing work/future plan

• Improve hydromet monitoring of Simshal valley 
(ICIMOD/PARC/PMD); Equipment procurement in process.

• Improvement of SPHY model

• Second SPHY training in December


