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Preface

The Hindu Kush Himalayas (HKH) is a crucially
important region for South Asia and China. These
mountains are the ‘Water Towers of Asia’, providing
water to 1.3 billion people. However, the warming
trend in the HKH is higher than the global average —
a cause for grave concern. There is no other place in
the world where so many people are being affected
by climate change so rapidly.

The Government of Norway has long recognized
the need to support and strengthen knowledge
about climate change and its likely impacts in
the region, as well as focusing on adaptation
and transboundary cooperation. At the sixteenth
Conference of the Parties to the United Nations
Framework Convention on Climate Change (UNFCCC)
in Cancun, Mexico in 2010, we announced multi-
year support to the Himalayan Climate Change
Adaptation Programme (HICAP). HICAP is an inter-
disciplinary programme that seeks to understand

climate change and its impact on people in the
region, and provide adaptation options and
solutions to policy makers, practitioners and local
communities. Itis led by the International Centre for
Integrated Mountain Development (ICIMOD), GRID-
Arendal, and the Centre for International Climate
and Environmental Research-Oslo (CICERO). One
of the main goals of HICAP has been to enhance
regional knowledge and understanding of climate
change and its impact on the region’s precious
water resources — now and into the future.

We are proud to see that new knowledge on
this topic has been generated and visualized
through this Himalayan Climate and Water Atlas,
in which high quality scientific knowledge has
been made available in simple graphics and
language for policy makers and the general public.
The findings presented in the Atlas provide the
first comprehensive, regional understanding of

past climate trends, as well as possible future
projections up until 2050. These will be invaluable
in informing governments of the adaptation
measures that need to be taken in the region to
address new climate realities.

Mountains and their importance as water towers
for the world should be higher on the global
climate change agenda. We are confident that the
Himalayan Climate and Water Atlas will help raise
the visibility of mountains in the global climate
change discourse.

Bgrge Brende
Minister of Foreign Affairs, Norway



Foreword

Freshwater is the most important resource for
mankind and is essential for human health,
prosperity and security. In South Asia and China,
about 1.5 billion people depend either directly or in-
directly on water flowing down from the Hindu
Kush Himalayas.

Globally, water resources are facing increasing
pressure from climate change and other global
drivers. The extent to which changes in climate
will affect these ‘Water Towers of Asia’ has been
a question of key importance for scientists and
governments in the region. Despite being one of
the most populous, disaster-prone and vulnerable
regions in the world, our knowledge of the region’s
climate is limited and scattered.

One of the main goals of the Himalayan Climate
Change Adaptation Programme (HICAP) has been to
increase our understanding of the region’s climate

and its impact on water resources, and make this
knowledge relevant to local actors and decision
makers for adaptation planning. This Atlas is an
important part of this goal. Through the use of
various maps and infographics, this Atlas describes
recent changes in climate and hydrology and
possible future impacts in five of the most important
river basins of the Hindu-Kush Himalayas — the
Indus, Brahmaputra, Ganges, Salween and Mekong.

The findings underline that the region’s climate has
been changing fast and will continue to do so in the
future. Temperatures have risen faster than the global
average, and further warming can be expected even
under a low emissions scenario, especially at higher
altitudes and during the winter season. Glaciers

in the region will lose considerable mass in the
21st century. Precipitation across the region could
change by up to 25%, increasing in some areas whilst
decreasing in others. For middle hill and mountain

communities that lie far above streams and rivers,
water availability may change drastically.

Although the total amount of water flowing within
some of Asia’s biggest rivers such as the Ganges,
Brahmaputra and Indus is not expected to decrease
until 2050, we can expect higher variability and
more floods and droughts. Extreme rainfall events
are projected to become more intense, increasing
the risk of catastrophic flooding events.

We are entering a more uncertain water future, and
the impacts of change depend on the vulnerability and
measures taken to secure water availability for all.
The research presented in this Atlas can help inform
and prepare decision-makers and governments. Our
key message is that governments and people within
the region need to be flexible in order to deal with
increased variability and to meet the challenges posed
by either too little, or too much, water.

b dbtinists

David Molden, ICIMOD

Kristin Halvorsen, CICERO

Peter Harris, GRID-Arendal



Key messages

Temperatures across the mountainous Hindu
Kush Himalayan region will increase by about
1-2°C (in places by up to 4-5°C) by 2050.
|
Studies conducted so far indicate that the
mountainous Hindu Kush Himalayas (HKH) are
warming significantly faster than the global
average. By 2050, temperatures across the five
basins studied are projected to increase by
about 1-2°C on average, with winters seeing
greater warming than summers in most places,
and temperature extremes also becoming more
frequent. Mountainous and high altitude areas are
particularly affected, with warming reaching 4—5°C
in some places, with some variation observed
across the region.

The monsoon is expected to become longer
and more erratic.
|
Overall, precipitation in the HKH is likely to increase
slightly in the 21st century with the monsoon season
expected to lengthen, starting earlier and ending
later, and with more erratic precipitation within the
season posing more water resource challenges to
communities and disaster risk managers.

Precipitation across the Hindu Kush
Himalayan region will change by 5% on
average and up to 25% by 2050.
|

Precipitation is projected to change, but with
no uniform trend across the region. Summer
precipitation in the Ganges, upper Salween and
upper Mekong basins is projected to increase,
while the trends are mixed in the Brahmaputra and
Indus basins. Although highly uncertain, increases
of 5% on average across the HKH, and up to 25%
in some areas, are projected. Winter precipitation
is projected to increase in the Upper Salween
and Mekong basins, while for the other three
basins there will be mixed trends, with most areas
receiving less precipitation.

Extreme rainfall events are becoming less
frequent, but more intense and are likely to
keep increasing in intensity.
|
Over the past decades, the amount of rainfall in

the HKH has not shown a significant trend overall,
although spatial and temporal variations have
been observed. Increased monsoon precipitation is
being observed over the high mountain belt of the
Himalayas, particularly in the east, while the greatest
decrease in monsoon rainfall has been observed in
the south within the Ganges and Indus basins. There
also appears to be a decreasing trend in the number
of extreme rainfall events, although their intensity is
increasing. More water is falling during each event. In
the future, extremes in precipitation are likely to keep
increasing in intensity (both negative and positive),
exposing already-vulnerable populations to further
risk of floods and droughts.

Glaciers will continue to suffer substantial mass
loss, the main loss being in the Indus basin.
|
Substantial glacial mass and area losses are
projected in the coming decades for most parts

of the HKH! The highest relative loss is projected
for glaciers within the Mekong river basin (-39 to
—68%), and the lowest in the Indus river basin (-20
to —28%)? However, the highest quantity of ice will
be lost from the Indus because of its large glaciated
area. Warmer temperatures will also cause more
precipitation to fall as rain than snow, resulting in
melting ice not being replenished.



Communities living immediately downstream
from glaciers are most vulnerable to glacial
changes.
|
Mountain people are particularly affected by changes
in glaciers through reduced reliability of local water
resources and increased occurrence of hazards
including glacial lake outburst floods.

Through to 2050, no decreases in annual
volumes of water are projected.

Overall, runoff within the river basins will not decrease
until at least 2050. An increase is even projected
for the upper Ganges (1 to 27%), Brahmaputra

(0 to 13%) and Mekong (2 to 20%) basins. Increasing
precipitation is the main driver of this change, first
combined with increased glacial melt, and eventually
compensating for decreased contributions of glacial
and snow melt. Runoff projections are mixed for
the upper Indus (-5 to +12%) and upper Salween
(-3 to +19%) basins. The projections also suggest
that overall, significant seasonal shifts in flow will
not occur by 2050. However, changes in spatial
distribution may be significant, leading to high
impacts in certain locations.

The contribution of various water sources to
river flow will change.
|
In response to changing precipitation and
temperature patterns, the relative contribution of
different sources of water — glacial melt, snow melt,
rainfall, and baseflow — to river flow will change, with
consequences for water management practices.

More floods and droughts are expected.
|

Despite overall greater river flow projected within
the basins of the HKH, higher variability in river
flows and more water in pre-monsoon months are
expected, which will lead to a higher incidence of
unexpected floods and droughts. This will greatly
impact on the livelihood security and agriculture of
river-dependent people.

Changes in temperature and precipitation will
have serious and far-reaching consequences
for climate-dependent sectors, such as
agriculture, water resources and health.
|
Agriculture is by far the most important source of
livelihood for rural communities, and is tightly linked
to both the availability of water and temperature.



Policy recommendations

1. Implement flexible and diverse solutions to
address the high level of uncertainty.

Solutions and adaptation measures will have to take
into account the overall expected changes as well as
the spatial variations and uncertainties in changes.
For example, farming systems urgently need
restructuring towards higher flexibility so that they
can withstand the increased flood risk, lower water
availability and other impacts of climate change.
As migration, mainly of men, is increasing, it is
necessary to develop more gender-sensitive farming
approaches while strengthening education and
building effective networks for knowledge sharing.

4. Improve regional coordination and sharing
of data.
|
Much of the uncertainties in the scientific results
stem from the fact that climate monitoring in the
HKH region is inadequate, particularly in high altitude
areas. There is a strong need for a coordinated
regional effort to improve hydrometeorological
monitoring in the region and data sharing within
institutions. Innovative ways of combining in-

situ measurements, remote sensing based
measurements and modelling approaches should be
undertaken to fill the data gaps.
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2. Implement structural and non-structural
measures to adequately prepare for and
manage extreme events.
|

While the number of extreme events is projected
to decrease, the intensity of precipitation events
is likely to increase and result in more severe
damage to lives and property. Structural measures
(such as flood prevention structures) and non-
structural measures (such as the implementation
and enforcement of building codes, land use
planning laws or early-warning systems) are
needed to reduce exposure, vulnerability and risks
for populations, as well as to adequately manage
disaster events if they occur.

5. Adopt a river basin approach to protect
Himalayan ecosystems to harness the
potential of water resources.
|

Although the total amount of water resources in
the HKH may stay roughly the same as present day,
they will need to be managed more effectively as
demand will undoubtedly increase in the future to
meet increasing energy and water-intensive food
production needs. Within the region, there exists a
high dependency of downstream communities and
countries on upstream ecosystem services, particularly
for water in the dry-season,? and the benefits of
sustainable watershed management transcend national
boundaries. At the same time, integrated planning
and management between sectors, such as water,
energy, land, forest, ecosystems and agriculture, is
needed to enhance resource use efficiency and reduce
environmental impacts.

3. Strengthen modelling approaches to
further reduce uncertainty and undertake
research to fill critical gaps.
|

Climate models are not able to sufficiently capture
the sharp horizontal and vertical gradients of
biophysical processes in the region. Efforts

to improve the models through increasing
spatial resolution as well as incorporating more
mountain-specific physical processes in the
models are essential. Further research is required
to understand the factors that impact on the
functioning of springs (a major source of water
in the mid-hills) and to implement measures to
improve the functioning of springs.

6. Put mountains on the global climate
change agenda.
|
Globally, mountains provide 60-80% of the world’s
fresh water. The HKH mountains, home to some of
the largest rivers in the world, directly provide water
and other services to over 1.3 billion people living
within the region and downstream. While water is
recognized as one the central issues in the global
climate change discourse, the interlinkage between
water and mountains is yet to be established as a
global priority agenda. Therefore, putting mountains
on the global agenda would be in the interest of not
only mountain communities, but also the global
community.
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Introduction

The Hindu Kush Himalayas (HKH) are the freshwater
towers of South Asia and parts of Southeast Asia.
Water originating from their snow, glaciers and rainfall
feed the ten largest river systems in Asia. Together
these rivers support the drinking water, irrigation,
energy, industry and sanitation needs of 1.3 billion
people living in the mountains and downstream?

This valuable resource is under increasing threat.
Along with a rapidly increasing population which
is placing greater demands on water resources,
climate change is affecting water availability
throughout the HKH and beyond. The Hindu Kush
Himalayas are warming about three times faster
than the global average? Glacier behaviour across
the region varies greatly, but most glaciers are
retreating® Many human activities, most notably
agriculture, are timed with the seasonal flows of
water and predictable cycles of rain. However, as
the region warms, the hydrological (water) cycle
becomes more unpredictable, at times with too
much or too little water. The effects on people,
communities and ecosystems can be devastating
with the most visible impacts including catastrophic
floods, landslides and droughts.

Exacerbating the situation is the fact that this region
contains some of the poorest populations in the
world. Their ability to adapt to changes in climate
and water availability is severely limited. Women,
children and the elderly — already marginalized
social groups — are particularly vulnerable.

Knowledge is an essential ingredient in building
more resilient communities and populations.

We need to understand the nature of the changes
occurring in order to develop the tools to adapt to
these changes. While many uncertainties remain
regarding our understanding of the impacts of
climate change on the water resources of the HKH,
this Atlas and the research behind it enhances our
understanding of both past, present and possible
future changes to climate and water resources
across this important region.

This Atlas is based on data from five of the ten main
river basins in the Hindu Kush Himalayan region: the
Brahmaputra, Ganges, Indus, Mekong and Salween.
The data and maps presenting historical analyses of
climate trends at the regional and basin scales, as
well as future projections of water availability, are
the result of HICAP research. Further details on the
methods and data sets used are included towards
the end of this Atlas, under ‘Additional Information’.

The Atlas is primarily intended for policy makers,
practitioners and implementers, scientists and the
donor community working on water-related issues in
the region. It is also relevant to the broader public
within and beyond the region.

This Atlas is organized according to the following:

‘Key messages’ delivers the main scientific findings
on climate change and its impact on water resources
derived from this report. This is followed by ‘Policy
recommendations’, which presents a set of key policy
recommendations, the implementation of which will
allow governments and communities in the region to
both prepare for, and adapt to, the changes to come.

‘Water and climate in the HKH’ highlights the
complexity of the HKH region from a physical and
human perspective. It focuses on the sources

of water, how water is used, why it is important,
and what knowledge gaps remain. The Himalayan
Climate Change Adaptation Programme (HICAP) —
through which most of the new science illustrated in
this Atlas has been generated — is introduced.

‘Climate change and its impact on water - past and
current trends’ presents trends in temperature,
precipitation, and the occurrence and duration of
extreme events for recent timescales (last 50 years),
starting at the regional (HKH-wide) level and then
moving down to the individual river basin level.
Trends in glacial melt and the influence of black
carbon (soot) on glacial melt is also discussed.
The implications of the above changes for human
societies and ecosystems in the region are
highlighted through stories and case studies

‘Climate change and its impact on water - future
projections’ charts the future of water and climate in
the region with the use of cutting edge scenarios and
projections. Changes in temperature, precipitation,
glacial melt, river discharge and the contribution

of different water sources (glaciers, snow melt and
rainfall) are presented up to the year 2050.

In ‘Meeting future water challenges’, the long-

term implications of these changes are examined,
including possible solutions to water challenges.
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Himalayan Climate Change Adaptation Programme (HICAP)

To help meet the challenges emerging in the Hindu
Kush Himalayan region, a pioneering programme was
created to address critical knowledge gaps on water,
climate and hydrology, and thus better understand
the future impacts of climate change on natural

14

resources, ecosystem services and the communities
depending on them. Since 2011, HICAP has been
working in five major Himalayan river systems — the
Brahmaputra, Indus, Ganges, Mekong and Salween —
across six pilot sites.

Its interdisciplinary approach covers seven
components:

¢ Climate change scenarios

e Water availability and demand scenarios

e Ecosystem services

® Food security

¢ Vulnerability and adaptation

¢ Gender and adaptation

e Communications and outreach

HICAP aims to enhance the resilience of mountain
communities through improved understanding of
vulnerabilities, opportunities and potentials for
adaptation. The programme particularly focuses

on women, who have strategic responsibilities in
the region as stewards of natural and household
resources, and who are also more vulnerable than
men, as they face more social, economic and political
barriers which limit their coping capacity. By making
concrete and actionable proposals on strategies
and policies (with particular reference to women
and the poor) for uptake by stakeholders, including
policy makers, HICAP aims at including enhanced
adaptation at the highest levels of policy in a
sustainable way.

This Atlas is the outcome of new research on climate
change and water hydrology in the HKH region
undertaken through HICAP. It summarizes the latest
science and lessons learnt, in order to enable policy
makers, practitioners and implementers working on
water-related issues in the region to prepare for the
changes to come and develop appropriate policies to
support people’s resilience.
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The Hindu Kush Himalayan region

Physical characteristics

The vast Hindu Kush Himalayan region extends
3,500 km across eight countries — Afghanistan,
Bangladesh, Bhutan, China, India, Nepal,
Myanmar and Pakistan — covering an area of more
than 4 million km? As an area dominated by high
mountains, vast glaciers, and large rivers, it has
earned many names: As it contains all 14 of the
world’s highest mountains, those reaching over
8,000 m in height, as well as most of the peaks
over 7,000 m, it has been dubbed the ‘Roof of the
World’. As the third most glaciated place on Earth
after the Arctic and Antarctic, it is also known
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as the ‘Third Pole’. Finally, as the source of ten
major river systems that provide water, ecosystem
services and the basis of livelihoods to more than
210 million people upstream in the mountains and
some 1.3 billion people downstream, the region is
also referred to as the ‘Water Towers of Asia’’

The high mountain ranges strongly influence
atmospheric circulation and meteorological
patterns across the region. As a result of its
varied topography, the HKH is endowed with

rich biodiversity and diverse ecosystems, which
provide a basis for the livelihoods of the many
people who live there. Its physical characteristics,

however, also make the Hindu Kush Himalayas
one of the most hazard-prone regions in the world.
As the youngest mountain chain in the world, the
HKH are also the most fragile. Heavy rains, steep
slopes, weak geological formations, accelerated
rates of erosion and high seismicity contribute

to serious flooding and mass movements of rock
and sediment affecting the lives and livelihoods
of millions. The vulnerability of people living in the
HKH to natural hazards is exacerbated by poverty
and limited access to development services. The
effect of disasters is, however, not limited to the
mountains. Flooding affects many millions more
downstream, sometimes with loss of life numbering
in the thousands and costs to the economy in the
hundreds of million?

Demographic and socioeconomic
characteristics

The population of the Hindu Kush Himalayan region
is approximately 210 million. The communities are
largely agrarian, relying heavily on local natural
resources and subsistence farming on small plots
of land. Like many agrarian mountain societies,
they experience high levels of poverty making
them vulnerable to both rapid environmental and
socioeconomic changes. Already situated in one
of the poorest regions of the world, poverty in the
mountains is on average 5% more severe than the
national average of the respective HKH countries,
with 31% of the HKH population living below the
official poverty line? Only in India is the situation
reversed, because of high levels of poverty in the
plains of some of the north Indian states.

Mountain communities are challenged by a fragile
environment, depleted natural resource systems,
limited availability of suitable agricultural land,
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physical inaccessibility and poor local infrastructure.
The harsh climate, rough terrain, poor soil and

short growing season in the mountains leads to low
agricultural productivity, undernourishment and
food insecurity. High rates of malnutrition are found
in many parts of the HKH with nutritional security
further threatened by poor diet, hard physical labour
and poor sanitary conditions’®

Poverty and food insecurity in the mountains are
compounded by lack of access to safe water and
adequate sanitation. In 2010, the United Nations
General Assembly declared access to clean drinking
water and sanitation a human right. As of 2012,
however, most HKH countries remain behind, with
less than half of their populations having access to
improved sanitation facilities — despite progress
on sanitation worldwide!" Likewise, in half of the
HKH countries, at least 10% of the population does
not have regular access to improved drinking water
sources!? In the mountains, many households still
use open pits as toilets and obtain their drinking
water from open, untreated springs.

Poverty has led to a major outward migration of
people, mostly men, from rural areas of the HKH
to seek employment in the cities and abroad. The
HKH now has the highest rate of outmigration in
the world, accounting for 15% of the world’s total
peacetime migration. Migration is highly gendered
in the HKH, with up to 40% of men absent from
their communities!® As a result, it is women and
the elderly who are left to look after the farms

and families. Due to their increased work burden,
women tend to have less time to take care of their
children, who are often not breastfed long enough,
leaving them unprotected against gastro-intestinal
infections and exposed earlier to diseases from
contaminated water and food!*

The overall poverty and lack of development
increases the vulnerability of mountain people to
natural hazards such as floods and landslides.
Because women often lack the capacity and
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resources to fully participate in decision-making,
they are left particularly vulnerable.

Downstream communities in South Asia are also
highly dependent on upstream ecosystem services
for dry-season water for irrigation and hydropower,
drinking water, and soil fertility and nutrients. With
limited land resources, inadequate energy supply
and growing water stress, providing enough water
and energy to grow enough food for the burgeoning
population is ever more challenging?®

Hydrological characteristics

The rivers flowing from the Hindu Kush Himalayas
provide the region with one of the most valuable
resources: fresh water. Ten large Asian river systems
originate in the HKH — the Amu Darya, Brahmaputra
(Yarlungtsanpo), Ganges, Indus, Irrawaddy, Mekong
(Lancang), Salween (Nu), Tarim (Dayan), Yangtse
(Jinsha) and Yellow River (Huanghe). These ten river
basins cover an area of 9 million km? of which

2.8 million km? fall in the Hindu Kush Himalayan
region. Downstream, millions of people depend

on the waters from these rivers for domestic use,
agriculture, hydropower and industry. The rivers are
fed by rainfall, meltwater from snow and ice, and
groundwater. The amount of water from each source
varies by river. It also varies depending on the
location within each basin.

Precipitation falls as either snow or rain, depending
on the temperature, which is closely linked to
elevation. Snow can be stored as long-term (perennial)
snow or become ice and contribute to the growth of
glaciers. Snow can also be stored in the short term as
seasonal snow before melting and turning into runoff.
Precipitation falls as rain when temperatures are no
longer low enough to form snow.

Precipitation in the Hindu Kush Himalayas is
dominated by the southwest monsoon in the summer
and westerly disturbances in the winter. The pre-
monsoon and monsoon account for 88% of annual

precipitation® Precipitation varies from 3,000 mm
in the eastern Himalayas to 100 mm in the southern
plain desert on the western side!”® A large
proportion of annual precipitation falls as snow,
especially at the higher altitudes. The climate of
the eastern Himalayas is characterized by the East-
Asian and Indian monsoon systems and the bulk
of precipitation falls between June and September
as monsoon rain. The precipitation intensity shows
a strong north-south gradient, as influenced by

the mountains. In the Hindu Kush and Karakoram
ranges in the west, precipitation patterns are
characterized by westerly and south-westerly
flows, resulting in a more equal distribution of
precipitation throughout the year. In the Karakoram,
up to two-thirds of the annual high-altitude
precipitation occurs during the winter months?®

Snow and ice are a dominant feature of the Hindu
Kush Himalayan mountains. There are over 54,000
glaciers in the HKH region, covering a total area

of more than 60,000 km? Together the glaciers
comprise over 6,000 km? of ice reserves, acting as
fresh water reservoirs for the greater region. In the
drier part of Asia, more than 10% of local river flows
come from ice and snow melt?°

While the Indus distinguishes itself by a much
stronger dependence on glacier meltwater than
the other four basins, the Brahmaputra, Ganges,
Salween and Mekong are highly dependent on
rainfall runoff. The monsoon is, thus, critically
important for ecosystems and the local and
downstream populations, who depend heavily on
this water resource for their livelihoods and health.
Overall, the contribution of glacial melt to river
flow is highest towards the western side of the
HKH and drops towards the eastern side where
rainfall dominates.



Hydrological charateristics of the HKH region
Selected upper river basins of the HICAP study
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