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Introduction

The Asia-Pacific region is a hotspot for climate change 
and extremes because of its significant regional monsoon 
climate, interaction with the global climate system and 
greater economic activity in recent decades (Manton 
et. al, 2011). Among the regions of the world, South Asia 

includes the most massive geographical features like the 
Himalayas and the Tibetan Plateau and is considered to be 
very sensitive to climate variability and climate change-
related extreme events. This region depends heavily 
on precipitation from the regional monsoon system as 
well as water derived from the snow and glacier melts 
in the Himalayas – both of these are affected by climate 
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change (Muhammed, 2003). The major-
ity of precipitation studies of Southern 
Asia have excluded the Himalayan belt 
due to the region’s extreme and complex 
topography and lack of adequate rain-
gauge data (Shrestha, 2000).  High 
Himalaya range is literally the “abode of 
snow” with glacier ice covering roughly 
17% of the mountain area while seasonal 
snow covers every year an additional 
area ranging from 30-40%. The melt 
water from the extensive snow cover 
and glaciers in the Himalayas drains into 
the perennial Himalayan river systems; 
therefore, it is critical for the 1.4 billion 
of people inhabiting the mountain slopes 
and plains in the south.

The objective of the project is to 
develop a runoff scenario under various 

climate scenarios and develop water-
based adaptation strategies for South 
Asia. Mapping of snow statistics and 
climate change are other key components 
of the project. 

Study Area

Karnali river basin in Nepal, Gilgit 
river basin in Pakistan and Gange-Padma 
river basin in Bangladesh have been taken 
as the case study sites from the South Asia 
as shown in Figure 1.

Progress of the Project

An inception workshop was organ-
ised from 23-24 November 2013 in 
Kathmandu where project collaborators 

Figure 2. Climatology of summer monsoon rainfall (left) and average temperature for 
March-April (right) for South Asia.

Figure 1. Map of 
South Asia showing 
case study sites in 
Nepal, Pakistan and 
Bangladesh.
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and other relevant stakeholders from Nepal and 
participating countries were invited. In the workshop, 
the research plan was shared among project team 
members and feedback was collected.

Two approaches for hydrologic modelling namely, 
Soil and Water Assessment Tools (SWAT) and Snow-
melt Runoff Modelling (SRM) coupling with the 
University of British Columbia (UBC) hydrologic 
model have been suggested. In order to have more 
effective and sustainable project results, the national 
policies and programmes such as National Adapta-
tion Programme of Action (NAPA), Climate Change 
Policies, and Water Resource Strategies have been 
reviewed and streamlined in developing the adapta-
tion strategies. 

Data needs and source assessment was also 
undertaken among the project collaborators. Hands-
on training with GrADS, MODIS-MRT and SWAT 
modelling was organised during the inception work-
shop so that all collaborating countries were familiar 
with the process.

Preliminary Results

Observed meteorological and hydrological data 
were obtained from the respective national meteo-
rological and hydrological services (NMHS) for the 
climate and hydrology analysis of the case study 
sites. In the HKH region, the network of stations is 
inadequate to carry out a detailed study of climate. 
Therefore, in addition to the available stations data, 
other data sets like Aphrodite data (resolution of 
0.25ox0.25o) was also used to assess the past climate 
of the region. 

The rainfall and temperature data were analysed 
for South Asia using Aphrodite data. The precipitation 
data is available for the period 1961-2004, whereas the 
temperature data are for the period 1961-2007. 

Two typical periods were chosen for present-
ing examples: the rainiest monsoon ( June-Sept) for 
precipitation and the hottest period (March-May) 
for temperature. The Aphrodite data set is able to 
depict the observed distribution of temperature and 
precipitation. However, more data validation needs to 
be performed so that the data sets can be used with 
confidence in data sparse regions in future research. 
Some of the findings and analyses in the selected river 
basins are presented below.

Nepal

Karnali basin: Kamali is the third largest river of 
Nepal and the largest basin in terms of area in Nepal. 
It drains western Nepal with the Bheri and Seti rivers 
as major tributaries (Figure 3). The drainage area of 
Karnali River is 44,000 sq. km of which around 95% 
lies in Nepal and its altitude ranges from 120 m to 
7,742 m. The average temperature trend of the basin 
shows a rising trend of 0.04oC/year. However, there is 
a significant spatial variation with increase of warmer 
trend toward the higher elevation towards the north. 
Precipitation in this basin does not show any signifi-
cant trend.

Pakistan

Gilgit Basin: This basin comprises the major rivers 
Ghizar, Yasin, Ishkuman and Hunza River and joins 
the Indus River near Jaglot. The drainage area of the 
Gilgit river basin at Gilgit is 14,082 km2 with Afghani-
stan and China to the north (Figure 4). The upper 
reaches of the basin are mostly glaciated and covered 
with permanent snow. Temperature at Gilgit station 
ranges from -13.75oC to 19.4oC. Though the number of 

Figure 3. Topography and river system of Karnali 
river basin in west Nepal. 

Figure 4. Topography and river system in Gilgit river 
basin in Pakistan.
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stations in the area is considerably small, 
most of the area shows increasing trend 
in average annual temperature with the 
value of 0.035oC per year at Gilgit. The 
average annual precipitation at the Gilgit 
station is 137 mm and it shows an increas-
ing trend of 0.26 mm per year. However, 
the increasing trend in precipitation is 
not as significant as the temperature 
trend. The mean annual runoff is about 
8926 million m3 for 29 years of records 
(1963 to 1972 and 1980 to 1998). The river 
flow in summer ( June to September) is 
influenced significantly by snow and 
glacier melt.

Bangladesh

Ganges-Padma basin: The Ganges-
Padma river basin is one of the major 
river systems in the central part of the 
deltaic river system of Bangladesh with 
watershed drainage area of 46,300 km2. 
The elevation of the area ranges from 
zero to 48 m with the upper part of the 
basin having highest elevation, while the 
elevation gradually decreases towards 
the south. The lower part of the study 
area is almost flat with the range of zero 
to 5 m (Figure 4).

The amount of annual rainfall is 
low in the upper part of the study area 

and greater along the coastal areas. The 
historical annual rainfall data indicates 
an increasing trend in the lower part of 
the study area (Khulna and Khepupara) 
while the middle region shows a decreas-
ing trend during the period 1970 to 
2008. There is no significant temporal 
variation of rainfall in the northern 
region (Rajshahi station). The average 
temperature in the north (Rajshahi 
station) ranges from 7oC to 41°C while 
in the south (Kheupara station) it ranges 
from 10°C to 36°C. Trend analysis of 
annual temperature in the basin shows a 
significant decreasing trend in minimum 
temperature while no significant trend 
was observed in maximum temperature. 
Annually, 343,000 mm3 of water enters 
to the Ganges-Padma basin and the flow 
is mainly concentrated in the wet season 
( Jul-Oct). Maximum monthly flow is 
observed during August (97,000 mm3).

It is an initial phase report and with 
the continued support from the collabo-
rators we look forward for fruitful 
outcomes from this project, which will be 
effectively used in developing commu-
nity based adaptation strategies with 
the intention to facilitate the decision-
making processes.

Figure 5. Participants of the workshop.
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