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HIGHLIGHTS

* Constant trend in snow cover area in Astore basin during last decade.
* Increasing trend of river discharge during last 34-years in the Astore River basin.
« Increasing winter precipitation and decreasing summer temperature at Astore.

ARTICLE INFO ABSTRACT

ArfiC{e history: A large proportion of Pakistan's irrigation water supply is taken from the Upper Indus River Basin (UIB) in the
Received 15 May 2014 Himalaya-Karakoram-Hindukush range. More than half of the annual flow in the UIB is contributed by five of
Received in revised form 13 October 2014 its snow and glacier-fed sub-basins including the Astore (Western Himalaya — south latitude of the UIB) and
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- . Hunza (Central Karakoram — north latitude of the UIB) River basins. Studying the snow cover, its spatio-
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temporal change and the hydrological response of these sub-basins is important so as to better manage water re-
sources. This paper compares new data from the Astore River basin (mean catchment elevation, 4100 m above
sea level; m asl afterwards), obtained using MODIS satellite snow cover images, with data from a previously-
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Keywords: studied high-altitude basin, the Hunza (mean catchment elevation, 4650 m asl). The hydrological regime of
Spatio-temporal snow cover trend this sub-catchment was analyzed using the hydrological and climate data available at different altitudes from
Upper Indus River Basin the basin area. The results suggest that the UIB is a region undergoing a stable or slightly increasing trend of
Central Karakoram & Western Himalayas snow cover in the southern (Western Himalayas) and northern (Central Karakoram) parts. Discharge from the
Hydrological regime UIB is a combination of snow and glacier melt with rainfall-runoff at southern part, but snow and glacier melt

Climate trend

are dominant at the northern part of the catchment. Similar snow cover trends (stable or slightly increasing)
Water resources management

but different river flow trends (increasing in Astore and decreasing in Hunza) suggest a sub-catchment level
study of the UIB to understand thoroughly its hydrological behavior for better flood forecasting and water re-
sources management.
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1. Introduction and background

The agriculture-based economy of Pakistan is dependent on irriga-

I tion waters supplied by the Indus River and its tributaries (SIHP,
* Corresponding author at: Institute of Earth Surface Dynamics, Faculty of Geosciences 1990). Most of the flow abstracted from the Indus River at Tarbela
and Environment, University of Lausanne, Switzerland. Tel.: +41 78 814 18 37. (Fi 18) is contributed b d olaci It (B Kh d
E-mail addresses: uaf_adnan@hotmail.fr (A.A. Tahir), pierre.chevallier@ird.fr & y snow and glacier me Ookhagen an

(P. Chevallier), yves.arnaud@ird.fr (Y. Arnaud), ashraf_uaf@hotmail.com (M. Ashraf), Burbank, 2010; Immerzeel et al,, 2012, 2013) of the Karakoram,

tousif bhatti@cgiar.org (M.T. Bhatti). Himalaya and Hindukush mountains. The Indus catchment area

http://dx.doi.org/10.1016/j.scitotenv.2014.10.065
0048-9697/© 2014 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2014.10.065&domain=pdf
http://dx.doi.org/10.1016/j.scitotenv.2014.10.065
mailto:uaf_adnan@hotmail.fr
mailto:pierre.chevallier@ird.fr
mailto:yves.arnaud@ird.fr
mailto:ashraf_uaf@hotmail.com
mailto:tousif.bhatti@cgiar.org
Unlabelled image
http://dx.doi.org/10.1016/j.scitotenv.2014.10.065
Unlabelled image
http://www.sciencedirect.com/science/journal/00489697
www.elsevier.com/locate/scitotenv

AA. Tahir et al. / Science of the Total Environment 505 (2015) 748-761

=

China
} K-2 Upper Indus River Basin (UIB

Jammu &
) Kashmir
(Disputed
territory)

749

(73 Study sites (located in UIB)

8611
V(8611 m) @ Tarbela dam outlet

~&~—Indus River

Pakistan admin. boundary

N
“ > w<$>e
\S
(\6 S
/ '7310'5 74°0'E 75°0°E 76°0'E 77°0E =
)
Pamir Yange Astore & Hunza GDEM  [&
Elevation (m asl) «
I <3300 (Zone A)
[ 33014300 (Zone B)
[""] >4300 (Zone C)
z
-9
§e}
(2]
Arabian sea
z
-9
0 100 200 400 600 800 @
N N Kilometers
(23 Upper Indus Basin (UIB =
——— (CZ3 Sub-basins of UIB -S
I m
arbela.ba ~« ~ Indus stream network [ gt

(b)

Mean runoff, Q (mm.month™")

=== Runoff (Hunza River)
== Runoff (Astore River)

1 Precipitation (Hunza basin)
EEm Precipitation (Astore basin)

Mean of precipitation totals, P (mm)

- 140

- 160

~——
-

180

T
Oct  Nov  Dec

Fig. 1. (a) Map of Pakistan including the Upper Indus River Basin (UIB) area, its sub-basins, Tarbela dam and study sites (Astore and Hunza sub-basins with their Global Digital Elevation
Models GDEM) and (b) mean monthly recorded precipitation totals (1974-2010) and mean monthly runoff (1974-2008) of both study sites. Precipitation records are the average totals of
all three climate stations (Astore, Rama and Rattu CS for Astore basin; Khunjerab, Naltar and Ziarat CS for Hunza basin) situated in the both catchments.

upstream of Tarbela, Upper Indus River Basin (UIB) (Fig. 1a), is the main
contributor to the Indus River. Tarbela reservoir was constructed in
1974 on the Indus River to supply irrigation water to the Indus Irrigation
System through a large network of canals, and so to supply the agricul-
tural lands of Punjab and Sindh (Pakistan) (Fig. 1a), the main producers
of agricultural products in the country. The mean annual inflow to
Tarbela is ~2410 m*-s~! 4 309 m*-s™ !, as estimated from the 40-
year (1969-2008) SWHP (Surface Water Hydrology Project) flow
record.

The Upper Indus River Basin has a total catchment area of
>200,000 km? (Bookhagen and Burbank, 2010; Forsythe et al., 2012b;
Immerzeel et al., 2009; Tahir et al., 2011a) and almost 12% of the total
area (~22,000 km?) is covered by glacier ice (Hewitt, 2001; Hewitt,
2007). There are many discrepancies in the estimated catchment area
reported by Khan et al. (2014) that may be a result of different datasets,
methodologies and assumptions used to estimate this area by different
authors. Within the UIB, five catchments, the Shyok, Shigar, Astore,
Gilgit and Hunza rivers (Fig. 1a), contribute more than 60% of the total
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