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Acronym
AJK

uiB
MODIS
HKH

NDMA

Description

Azad Jammu & Kashmir

Upper Indus Basin

Moderate Resolution Imaging Spectroradiometer
Hindu Kush -Himalayan

National Disaster Management Authority
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Estimation  of Snow Cover for Year 2013 (Indus Basin)

Summary

The major source of river s flow in Pakistan originates from Hindu Kush
Karakoram -Himalaya Mountains  mostly covered with snow throughout the
year . Monthly averages of s now covered area s from 2008 to 201 3 have
been calculated to asse ss the runoff situation in the Indus. Analysis of the
data show that for January and February 2013 , monthly average  snow
covered area is 232775 km?, 344981 km? respectively in  March it is
298850 km ? while for April, May  and June it is 236270 km?, 176608 km?
and 116587 km? respectively for the entire Indus Basin. Similarly the
monthly average  snow cover ed area f rom January 201 3 to June 2013 for
upstream Tarbela is 132026 km?, 191813 km?2, 17294 9 km?, 146415 km ?,
98940 km? and 76196 km ? respectively.

The anal yses were performed using supervised classification
followed by manual editing to get be st possible results.  The analyses
show that in May 2013 the snow covered area is 17 % higher as compared

to 2012 and 14 % higher as compared to 2011.

It may be conclude d that as runoff not only depends on snow cover
but also on the thermal conditions and if the temperature S remain the
same as that of previous years then there would be higher runoff
contribution due  to snowmelt as compared to th e previous years ( 2008 -
2012 ). Archer (200 4) indicates that 1°C rise in mean summer temperature

would result in 16% increase in summer runoff into the Hunza River

2 in Kabul River basin above

In May 2013 snow cover is 29037 km
Nowshera which is higher than the rest of the years (201 2-2008) ,
similarly in June 2013 the snow covered area is 18510 km 2, which is also

higher than rest of the years.
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Indus River Basin & Sub-Basins

Legend N
Indus River Basin W<<} E
= Upstream Tarbela
Kabul River Basin 0 100 220

Total Area Indus Basin : 1210,970 Sqg. km
Total Area Upstream Tarbela: 277,075 Sq. km
Total Area Kabul Basin : 94,470 sq. km

Fig 1: Study Area
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1. Introduction

A number of studies have been conducted in the HKH region to assess

snow cover and its contribution to  rive r runoff. 90% of the Indus River
basin above Tarbela reservoir may be covered by snow (Hewitt et al.

1989). Snow and ice meltwater supplies 75% of the flow of the Kabul

River at Warsak, 80% of the Swat River, 85% of the main Indus River at

Tarbela reservo ir, and 65% of the Jhelum River at Mangla reservoir.
Mostly maximum snowfall is experienced in the months of January and
February in the middle Himalayas and in March in the greater Himalayas.
Winger et al. (2005) reports 50% of total annual runoff in the Indus River
due to snowmelt . Archer (2003) indicates that Indus River flows are
primarily controlled by winter precipitation and energy inputs during

sum mer . Less than 10% of the average runoff is the result of rainfall over

the Indus plains.  Maxima in ri ver runoff are expected between June and
August, where an early peak in June indicates particularly an influence of

snowmelt and a peak in July to August the influence of glacial melt.

The first 8 years of 21 *' century have surpassed all past trends, with 2005
believed to be the hottest for Pakistan, when a snowmelt flood in June
created havoc in the downstream Indus. Previous studies have shown
significant correlations between Gauged river flows and observed climate
in the Upper Indus Basin (UIB), notably , concurrent temperature or

preceding season precipitation (Forsythe etel. 2012)

The Indus River receives 85% of the annual flows from snow and ice melt
(Hewitt, 1985) and a modelling study  suggests that snow melt runoff is
roughly 40% (Immerzeel et al ., 2009). Hunza, Shigar and Shyok basins

are mainly glacier -fed while Jhelum, Kabul, Gilgit, Astore, and Swat are

mainly snow -fed basins .
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Archer and Flower (200 4) indicates that a 1°C rise in mean summer
temperature would result in a 16% increase in summe r runoff into the
Hunza River . It is very important to estimate the winter snow

accumulations (November to February) at high altitudes

Swat River annual snowmelt runoff contribution to the total runoff may
range 65 175 % . During the monsoon season, the pe ak snowmelt runoff
is augmented by monsoon rains to produce higher discharges and

occasional peak floods (Zakir et.al., 2011) . The average snow cover area

in the Upper Indus River Basin changes from 10% to 70% . Snow cover in
the area is at a maximum of abo ut 70 80% in the winter December to
February -snow accumulation period and at a minimum which about
10 15% in the summer June to September -snow melt period  (Immerzeel
et al., 2012)

2. Objective of the Study

Objective of the study is mapping of s now cover in the Indus Basin for
runoff estimation for preparation of contingency planning by National

Disaster Management Authority (NDMA).

3. Methodology

MODIS images with less than 20% cloud cover were selected . Pixel based
classification was performed for extraction of snow cover area. Maximum
likelihood parametric rule was set to perform classification. Snow cover

area was estimated after the post cla ssification. Statistical analyses were

performed for trend analysis of snow cover area during 2008 -2013 .
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Snow Cover Extent - 09 February 2013

Legend N
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Snow Cover

Snow Covered Area Indus Basin : 352,774 Sq. km
Snow Covered Area Upstream Tarbela: 191,813 Sq. km
Snow Covered Area Kabul Basin : 64,240 sqg. km
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Snow Cover Extent - 01 March 2013

Legend N
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Snow Cover

Snow Covered Area Indus Basin : 333,425 Sq. km
Snow Covered Area Upstream Tarbela: 172,949 Sq. km
Snow Covered Area Kabul Basin : 61,209 sq. km
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Snow Cover Extent - 10 May 2013

Legend

Indus River Basin
= Upstream Tarbela

Kabul River Basin

Snow Cover

Snow Covered Area Indus Basin : 176,608 Sq. km
Snow Covered Area Upstream Tarbela: 98,940 Sq. km
Snow Covered Area Kabul Basin : 24,406 sq. km
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