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Outline 

 

o Why snow and glaciers are important in the UIB? 

 

o Snow and its water equivalence 

 

o Sources of measurement of snow 

 

o Snow data constraints 

 

o Glacier datasets and their constraints 

 

o Rectification of snow and glacier data 

 

o Questions and Answers 
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ü Snow- and glacier-melt contributes more than 80% in stream flows in various sub-

basins of the Indus Basin 

 

 

 

  

 

 

 

 

ü Any change in temperature or snow-fall or 

snow-/glacier-melt will cause significant 

ramification on downstream water 

resources 

 

ü Land sliding and floods may affect existing 

and ongoing projects, such as Pak-China 

economic corridor 

 

ü Historic civilization in the northern Indus 

basin is under threat due to floods, and 

proposed reservoirs  

 

ü There are more than 1800 glacial lakes, of 

which >50 are potentially dangerous 

(Campbell, 2005) 
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ü Asian temperature rise is greater than worldôs average temperature rise (IPCC 

2007, 2013) 

 

ü According to CMIP 5, under the RCP 4.5, the expected temperature rise is about 

2oC (relative to 1961-1990) in the whole HKH during 2021-2050,  

 

ü The HKH-TP region has a glacier area of about 33,000 km2 (ICIMOD, 2009) and 

contains about 12,000 km3 of freshwater (IPCC, 2007b) 

 

 

ü 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) 

 

 

ü 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) 

 

ü 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 

 

 
 

 

 

Why snow and glaciers? 
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Snow Water Equivalent (SWE) 

snow depth 

snow water equivalent 

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 

Å dry 

Å wet 

 
10ò 

1ò 

mailto:ak736@cam.ac.uk


   

                                                                                              

                                                                                                     University of Cambridge 

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

Snow Water Equivalent 

Å        = water density              
  (1 g/cm3) 

          

Å        = snow density 
Å0.05 to 0.20 g/cm3 

(newly fallen snow),  

Å0.60 g/cm3 aged, 
compacted snow 

Å        = snow depth 
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Methods to measure the snow 
ÅTwo methods for measuring snow 

ÅManual measurement ï Actual trip site and snow 
measured 
ïSnow guages 

ïwith snow sampler 

ÅAutomated measurement  
ïAll data is collected by automated equipment. No visit 

to the site is required. 

ÅData collection sites are selected where the data 
best represents large surface area. 
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Examples of few glaciers data 
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   Glacier areas based on various datasets 
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Uncertainty in glacier-melt 

Basin Study 
Yu et al. 

(2013)**  

Lutz et al. 

(2014a) 
Naz (2011) 

Lutz et al. 

(2014b) 

Shrestha et al. 

(2015)* 

Rittger et al. 

(2015)* 

Bocchiala et 

al. (2011) 

Immerzeel et 

al. (2009) 

Gilgit 
Study Period 1961-2010 1998-2007 1974-2000           

Glacier-melt (%) 23 54.2 51           

Hunza 
Study Period 1961-2010 1998-2007 1974-2000 1971-2000 2002-2004 2001-2004     

Glacier-melt (%) 47 80.6 64 70.6 33 23.5-32.3     

Shigar 
Study Period 1961-2010 1998-2007         1985-1998   

Glacier-melt (%) 52.7 83.5         83.5   

Shyok 
Study Period 1961-2010 1998-2007 1974-2000           

Glacier-melt (%) 56.3 80.4 54           

Kharmong 
Study Period 1998-2007 1974-2000 

Glacier-melt (%)   54.6             

Astore 
Study Period 1961-2010 1998-2007 1974-2000           

Glacier-melt (%) 19 46.4 63           

UIB at Besham Qila 
Study Period 1961-2010 1998-2007 1974-2000 1971-2000       2001-2004 

Glacier-melt (%) 21.3 67.3 40 30.4       31.9 
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Discrepancies in snow-cover data 
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Sources of glacier data 
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