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Snow- and glacier-melt contributes more than 80% in stream flows in various sub-

basins of the Indus Basin

Any change in temperature or snow-fall or
snow-/glacier-melt will cause significant
ramification ~on  downstream  water
resources

Land sliding and floods may affect existing
and ongoing projects, such as Pak-China
economic corridor

Historic civilization in the northern Indus
basin is under threat due to floods, and
proposed reservoirs

There are more than 1800 glacial lakes, of
which >50 are potentially dangerous
(Campbell, 2005)
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Sub-basin designations

1 Upper Indus sub-basin
2 Lower Indus sub-basin
3 Jhelum sub-basin

4 Chenab sub-basin

5 Ravi sub-basin

6 Sutlej sub-basin

7 Kabul sub-basin

8 Kurram sub-basin

9 Gomal sub-basin

10 Punjnad sub-basin
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U Asi an temperature rise I s greater than wt
2007, 2013)

U According to CMIP 5, under the RCP 4.5, the expected temperature rise is about
2°C (relative to 1961-1990) in the whole HKH during 2021-2050,

U The HKH-TP region has a glacier area of about 33,000 km? (ICIMOD, 2009) and
contains about 12,000 km3 of freshwater (IPCC, 2007b)

U Glaciers in the western Himalayas, Hindukush, and eastern Karakoram are losing
mass at a high rate (Kaab et al., 2012, 2015, Gardelle et al., 2012, 2013)

U Glaciers in the western Karakoram are advancing and bear slightly negative mass
balance during the last decade (Kaab et al., 2012, 2015; Gardelle et al., 2012,
2013)

U Monsoon precipitation became more intense and frequent in the last four decades,
and is responsible for floods in the region (Wang et al., 2011)
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The Karakoram Anomaly

http://landsat.gsfc.nasa.gov/?p=11441
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Snow Water Equivalent (SWE)

SWE is the amount of water contained within the
snowpack. The "average" snow to liquid ratio is 10:1.

Influencing factor is type of

snow
$ A dry
A wet

100
snow depth

snow water equivalent

A

10
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Snow Water Equivalent
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A I =snow density

A 0.05 to 0.20 g/cm3
(newly fallen snow),

A 0.60 g/cm3 aged,
compacted snow
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Methods to measure the snow

A Two methods for measuring snow

A Manual measurement i Actual trip site and snow
measured
I Snow guages
I with snow sampler

A Automated measurement

I All data Is collected by automated equipment. No visit
to the site is required.

A Data collection sites are selected where the data
best represents large surface area.
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a) DCW 1980

c) RGlIv4.0 d) MODICE
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Glacier areas based on various datasets

Basin DCW 1980 GLIMS RGIv4.0(2014) MODICE (2001) Kaab et al. (2012)
Gilgit 1119 £ 112 876.7 + 87 836 + 41 491.3+49 1360 + 136
Hunza 4559 + 456 3140.9 + 314 3843 + 192 3018.2 + 301 3774 + 377
Shigar 2220 + 222 2438.2 + 243 2121 + 106 2059 + 205 2671 + 267
Shyok 8676 + 867 6231 + 623 7606 + 384 6689.2 + 668 7871 + 7B7
Kharmong 3037 £ 303 2613.6 + 261 2522 £ 126 1291.9+129 2315 + 231
|ismre 190 £ 19 274.3 + 27 41 £ 27 147 £ 14 209 + 29 |
UIB* 6035 + 60 0724.1 + 92 773+ 38 421.3+42 074 + 97
Total 22406 £ 2241 16498.8 t 1648 18334 1 916 14117.8 £ 1411 19264 £ 1926

UIB* is the area between Tarbela dam to Kharmong gauging station (all watersheds are excluded). DCW stands for the
Digital Chart of the World, GLIMS stands for the Global Land Ice Measurements from Space, RGI stands for the
Randolph Glacier Inventory, and MODICE stands for MODIS persistent Ice. Accuracy limits of £ 10% have been
assumed for Kaab ef al. (2012) and GLIMS inventories. Accuracy limit of £ 3% has been assigned to RGI version 4.0 as
per Pfeffer et al. (2014), while £ 10% to MODICE data, as this data has been obtained from MODIS snow-cover data,
which has accuracy limit of £ 10% under clear sky conditions (Wang et al., 2009; Gao et al,, 2010). Accuracy limit £ 10%
has been assigned to DCW 1980 as recommended in Danko (1992) and DMA (1992). Note: Parts of the Kharmong and
UIB* areas (though very small parts as compared to overall basins) are not covered by Kaab et al. (2012) inventory.

Asif Khan (khana@iiasa.ac.at, ak736@cam.ac.uk , engrasif_civil@yahoo.com)



mailto:ak736@cam.ac.uk

& oo Uncertainty In glacier-melt

[TASA University of Cambridge

Basin Stud Yu et al. Lutz et al. Naz (2011) Lutzetal. Shresthaetal Rittgeretal. Bocchialaet Immerzeel et
y (2013y (2014a) (2014b) (2015) (2015) al. (2011) al. (2009)
Study Period 19612010 19982007 19742000
Gilgit
0 23 54.2 51
Study Period 19612010 19982007 19742000 1971-2000 20022004 20012004
Hunza
Study Period 19612010 19982007 19851998
Shigar
Glaciermelt (%) 52.7 83.5 83.5
Study Period 19612010 19982007 19742000
Shyok
Glaciermelt (%) 56.3 80.4 54
Study Period 19982007 19742000
Kharmong
Glaciermelt (%) 54.6
Study Period 19612010 19982007 19742000
Astore
Glaciermelt (%) 19 46.4 63
Study Period 19612010 19982007 19742000 1971-2000 20012004
UIB at Besham Qila
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Discrepancies in snow-cover data
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