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This study addresses the important problem of contribution of glaciers to the Nepalese
rivers. About 80% of the glaciers in the Ganga basin are in the Nepal Himalaya and
this study discusses relevant scientific questions. The estimation of glacier contribu-
tion is achieved by using glacier hypsometry and ablation gradient and non-glacier
contribution is estimated by basin hypsometry and runoff gradient. However, some of
the assumptions made in the methodology required to be rephrased and reworked in
accordance with the present understanding of the glacial processes.

Authors could improve the build up of the paper by collating existing knowledge base on
glaciers role in the streamflow in general and Himalayan region in particular. Authors
argument that the “The models developed for this study indicate that neither stream-
flow timing nor volume of the rivers flowing into the Ganges basin from Nepal will
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be affected materially by a continued retreat of the glaciers of the Nepal Himalaya”
(page 479, L14-16) is not fully substantiated in the paper. Here, authors consider
glaciers as stand alone hydrological unit and overlooked the fact that the glacier reces-
sion/advancement is a pointer to the changes occurring to the mountain hydrological
system as a whole. It is a well accepted fact that the glacial change in a region could
influence the changes occurring to the surrounding environment through the feedback
mechanism mainly driven by the albedo feedback (cf. Patterson, 1994). Globally, the
main role of glacial contribution to the streamflow is limited to reduce the inter-annual
runoff variations at certain percentage glacierization of the catchment. For Swiss Alps,
least inter-annual variation occur at 30-60% glacierization (Rothlisberger and Lang,
1987; Chen and Ohmura, 1990; cf. Casassa et al., 2009) and 10% for the North Cas-
cades (Meier and Roots, 1982). So, while looking at the role of glaciers in the stream-
flow from Nepal Himalaya, under a very different climatological set up dominated by
the SW monsoon, one would expect authors to focus on the extent of this “compensa-
tion effect”. In fact authors make this important statement in Page 480, L 1-3 & L 7-10
that “ the role of glaciers in the hydrology of the Nepal Himalaya is very much depen-
dent upon the scale at which this role is assessed , as well as upon the location in the
river basin for which the assessment is undertaken” and “ The probable impact would
become progressively greater as one moved upstream in a basin, decreasing the dis-
tance to the glacier terminus”. But no assessment of this important role of glaciers are
provided while these rivers are flowing through Nepal, instead provided the basin outlet
assessment of glacier contributions.

Page 471, L8-10: Most of the peer reviewed research on Himalayan cryospheric sys-
tem suggested that the contribution of Snow and glaciers together is significant in its
principal tributaries. (Singh et al 1997, Singh and Jain,2002; Kumar et al.,2007). On
the other hand non-peer reviewed, grey literature like WWF(2005) emphasized the
role of glacier melting in the river flow as mentioned by the authors (P471- L10). So
the emergence of a dominant view point on role of glacier melting and its impact on
streamflow today is being facilitated by diverse sources. Most recently a discussion
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paper by Mr. V.K Raina (2009), again a non-peer reviewed work, has had impacted
the debate on climate change and Himalayan glaciers. Hence, it is very important to
mention the source of existing points of view presented in the paper, so that readers
could judge and rate the authenticity/credibility of these statements.

Page 476, L 3- 14: A proper description of the study area with locations of nine hydro-
metric stations and sub –catchments marked on the Fig-3 may be appropriate. Altitude
of the nine hydrometric sites and information on percentage of glacier cover in each
of these sub-catchments in Table -1, will be informative. Discussion on the climate of
the region with emphasis on the pivotal role of monsoon in the glacial processes as
well as river flow may be very useful to contextualize the present study. One would be
interested to know the period of streamflow record used in the study?

Page 476 ,L 16 “Orographic gradients are shown in Fig.3” Change to Fig.4

Page 477 L 12-20 : There are three important issues regarding the glacier melt
model,which needs to be addressed by the authors:

1. Equating Equilibrium Line Altitude (ELA) with 0o C isotherm goes against estab-
lished definition of Equilibrium Line Altitude (ELA) in mass balance parlance. 0o C
isotherm imply ‘no melt’, while ELA signify ∆S =0.

2. “Little or no melt was possible at any time above the ELA” is not a realistic assump-
tion. For medium sized glaciers, Accumulation Area Ratio (AAR) corresponding to the
zero mass balance range between 0.58 to 0.73 (Dobhal et al.,2008). This problem may
be resolved by dropping the first assumption (ELA = 0o C isotherm) and using a melt
gradient in place of ablation gradient. Theoretically, the assumption of little or no melt
is possible above the 0o C isotherm is well appreciated. This assumption will force
overestimation of glacier melt from the ablation zone to match the glacier discharge.

3. Assumption of equilibrium condition needs to be revisited as Nepal glaciers are un-
der the recessional regime experiencing negative mass balance ( Ageta et al., 2001,

C277

http://www.the-cryosphere-discuss.net
http://www.the-cryosphere-discuss.net/4/C275/2010/tcd-4-C275-2010-print.pdf
http://www.the-cryosphere-discuss.net/4/469/2010/tcd-4-469-2010-discussion.html
http://www.the-cryosphere-discuss.net/4/469/2010/tcd-4-469-2010.pdf
http://creativecommons.org/licenses/by/3.0/


TCD
4, C275–C280, 2010

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

Fujita et al.,2001) and this will lead to underestimation of glacier contribution in a re-
cessional regime.

Page 479 L 2-3 “ The snow and ice lost by the ablation zones of the glaciers may be-
come runoff. . .. . .. . ..” . Such statements, suggesting only ablation zone of the glaciers
is contributing to the glacier discharge may be avoided.

Page 479 L14-16 “The models developed for this study indicate that neither streamflow
timing nor volume of the rivers flowing into the Ganges basin from Nepal will be affected
materially by a continued retreat of the glaciers of the Nepal Himalaya” –No analyses
of flow timing is presented in the paper.

Page 481, L8-11: Fully agree with authors view regarding the IPCC, 2007 statement
in WG-II Chapter -10 (Asia) on the future status of the Indus, Ganga and Brahmaputra
rivers. Primarily because the statement “The current trends of glacial melts suggests
that the Ganga, Indus, Brahmaputra and other rivers that criss-cross the northern In-
dian plain could likely become seasonal rivers in the near future as a consequence of
climate change and could likely affect the economies in the region” (IPCC,2007) itself
is not sourced from any credible research work published in a peer reviewed journal.
Please note that no reference is attached to this very important statement in the IPCC,
2007 report and how IPCC arrived at this important conclusion in not known. Hence the
author’s view that such sweeping generalizations should not be made without proper
studies on the role of glaciers in each of the major river basins is fully justified. The
statement in the paper required proper referencing of the IPCC, 2007 , Chapter 10
statement, as each chapter of the IPCC report have different citations.

Table -1 Please add station altitude and percentage glacier cover of individual basins

Table-2 Shift Marsyangdi- 439 from column -1 to column-2

Comments of the other reviewers and the reply of the authors were already posted
when compiling this review.
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