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This assessment report establishes the value of the Hindu Kush Himalaya (HKH) for the 240
million hill and mountain people across the eight countries sharing the region, for the 1.65
billion people in the river basins downstream, and ultimately for the world. Yet, the region and
its people face a range of old and new challenges moving forward, with climate change,
globalization, movement of people, conflict and environmental degradation. At the same time,
we also see incredible potential to meet these challenges in a sustainable manner.

In spite of its importance, relatively less is known about the HKH, its ecosystems and its
people, especially in the context of rapid change. Over the last few decades, there has been
more research on the region, but the knowledge gathered is often scattered, reaches a limited
audience, is sectoral or based on single disciplines and, most importantly, does not reach
decision-makers, whether they be in government, in local communities, or in the private
sector.

The rationale for this assessment is manifold. The first is about extending the accessible
knowledge base. There has been incredible value in bringing together people engaged in
generating knowledge about the HKH to collate existing knowledge. Plus, by working across
disciplines and countries, the assessment blends insights from different perspectives about the
mountains. Global assessments and programmes like the Intergovernmental Panel on Climate
Change (IPCC) can now benefit from an important knowledge source about this region, and
the book has great value in informing global debates and discourses. Then, there is a value
beyond the assessment report itself, in bringing together a network of people who can work
across disciplinary and geographical boundaries in the future.

But the main reason for the assessment goes beyond the collation of knowledge. It is to
answer a range of policy-oriented questions we all grapple with. Some of these are quite
scientific, such as what will happen with climate change, or what the impact of air pollution is.
Others are more targeted to actions that people should take, like pathways to sustainable access
to energy, or building resilience. The main objective of the assessment thus is to inform
decision-makers with the best science and knowledge we have. This assessment has made
important strides in this direction. A very important finding of the assessment is that while we
have significant knowledge gaps, we know enough to take action.

The publication of the Hindu Kush Himalayan Monitoring and Assessment Programme’s
(HIMAP) flagship piece—The Hindu Kush Himalaya Assessment: Mountains, Climate
Change, Sustainability and People—is an important milestone in a larger process that aims to
bring together researchers, policy makers and the public to better manage the HKH so that
women, men and children can enjoy improved well-being in a healthy mountain environment.

The HIMAP process will continue to engage in science-policy discussions at country and
regional levels to enhance cooperation between communities, states and countries in managing
the HKH. It will also develop more targeted assessments about specific areas of concern that
emerge as we develop more knowledge about the region. Importantly, the authors of the
assessment have laid out mountain-specific priorities consistent with the Sustainable
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Development Goals (SDGs), and this book provides an important baseline in reaching these
goals for the mountains and people of the HKH region. Perhaps the greatest good is that we
have an expanding community of practice working together to match and rise above the
challenges facing the HKH today.

Kathmandu, Nepal David Molden
Director General, International Centre
for Integrated Mountain Development

How to cite: P. Wester, A. Mishra, A. Mukherji, A. B. Shrestha (eds) (2019) The Hindu
Kush Himalaya Assessment—Mountains, Climate Change, Sustainability and People
Springer Nature Switzerland AG, Cham.
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The Hindu Kush Himalayan Monitoring and Assessment Programme (HIMAP) is a long-term,
integrated science-policy initiative coordinated by the International Centre for Integrated
Mountain Development (ICIMOD) that aims to promote enabling policies, sustainable solu-
tions and more robust regional cooperation in the Hindu Kush Himalaya (HKH) region to
sustain mountain environments and livelihoods, by:

e Assessing the current state of knowledge of the HKH region, through comprehensive,
thematic and subregional assessments and topical outlooks;

e Increasing the understanding of various drivers of change and their impacts;

e Developing evidence-based policy solutions and recommendations; and

e Engaging decision-makers across sectors and institutions through a series of HKH
Science-Policy Forums.

HIMAP is a platform for long-term collaboration and coordination among a broad and diverse
group of more than 350 leading researchers, practitioners and policy specialists working in the
HKH. Under HIMAP, experts from the region have come together to develop the first HKH
Assessment Report, as the first in a series of monitoring and assessment reports. It deals
with major issues such as climate change, biodiversity, energy, cryosphere (frozen water),
water, food security, air pollution, disaster and resilience, poverty, adaptation, gender
and migration. The assessment addresses the social, economic and environmental pillars
of sustainable mountain development and will serve as a basis for evidence-based
decision-making to safeguard the environment and advance people’s well-being in the
HKH region.

We are deeply grateful and wish to acknowledge the large network that made this first HKH
Assessment Report possible. The commitment, rigour and expertise shown by the Coordi-
nating Lead Authors and Lead Authors, with important support by Contributing Authors, all
freely contributing their time, are highly appreciated. The Review Editors ensured the integrity
of the review process and played a critical role in supporting the chapter teams and improving
the overall quality of the chapters. We deeply appreciate the time, rigour and professionalism
of the external expert and government reviewers, which has contributed importantly to the
credibility of this report. While not being fully exhaustive, we wish to acknowledge the
following individuals, institutions and governments for making this HKH Assessment Report
possible:

Overall Coordinator: Philippus Wester.

Chapter Coordinating Lead Authors: Arivudai Nambi Appadurai, Ruchi Badola,
Soumyadeep Banerjee, Ram B. Bhagat, Tobias Bolch, Nakul Chettri, Dhrupad Choudhury,
Shobhakar Dhakal, Lam Dorji, Rucha Ghate, Giovanna Gioli, Chanda Gurung Goodrich,
Shichang Kang, Fawad Khan, Raghavan Krishnan, Shiyin Liu, Arabinda Mishra, Eddy
Moors, Aditi Mukherji, M. S. R. Murthy, Nusrat Nasab, Hemant R. Ojha, Arnico Panday,
Golam Rasul, Guoyu Ren, Bernadette P. Resurreccion, Joyashree Roy, Abdul Saboor,
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Eri Saikawa, Christopher Scott, Bikash Sharma, Eklabya Sharma, Joseph Shea, Arun Bhakta
Shrestha, Mandira Singh Shrestha, Tasneem Siddiqui, Yiching Song, Leena Srivastava,
Ganesh Thapa, Ramesh Ananda Vaidya, Yanfen Wang, Ning Wu, Jianchu Xu, Fan Zhang.

Chapter Lead Authors: Bhupesh Adhikari, Lipy Adhikari, Ahsan Uddin Ahmad, Mozaharul
Alam, Ghulam Muhammad Arif, Elisabetta Aurino, Mohd. Farooq Azam, Aditya Bastola,
Luna Bharati, Pashupati Chaudhary, R. P. Chaudhary, Ganesh Chettri, Netra Chhetri, Zhiyuan
Cong, Purnamita Dasgupta, Chao Fu, Yang Gao, Ritesh Gautam, Nilabja Ghosh, Anandajit
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1.1 Global Mountain Perspective Mountain geological formations are fragile and ecosys-

Mountains are large landforms raised above the surface of
the earth emerging into peaks and ranges. Mountains occupy
22% of the world’s land surface area and are home to about
13% of the world’s population (FAO 2015). While about
915 million people live in mountainous region, less than 150
million people live above 2,500 m above sea level (masl),
and only 20-30 million people live above 3,000 masl.

About half of all humankind directly depends on mountain
resources, primarily water. Mountains support 25% of world’s
terrestrial biodiversity and include nearly half of the world’s
biodiversity ‘hotspots’. Of the 20 plant species that supply
80% of the world’s food, six of those (apples, barley, maize,
potatoes, sorghum and tomatoes) originated in mountains
(Fleury 1999). In humid parts of the world, mountains provide
30-60% of the fresh water downstream; and in semi-arid and
arid environments, they provide 70-95% (Kapos et al. 2000;
WCMC-UNEP 2002). Mountains provide goods and services
of global significance in the form of water, hydroelectricity,
timber, biodiversity and niche products, mineral resources,
recreation, and flood management (Schild and Sharma 2011;
Molden and Sharma 2013). Mountains are more diverse
region rich in ethnicity and languages. In general, poverty is
higher in mountain regions and people are often at higher risk
than people elsewhere. According to a recent FAO analysis,
39% of mountain populations (urban and rural combined) in
developing countries were considered vulnerable to food
insecurity in 2012, an increase of 30% compared to 12 years
prior (FAO 2015).

tems are degrading fast because of both natural and
anthropogenic drivers of change. Mountains are also places
of cultural meaning and refuge. Many mountain inhabitants
have settled there to escape religious or political persecution
or wars in lowlands. Mountains are also often focal areas of
armed conflict. Mountain areas have ecological, aesthetic,
and socioeconomic significance, not only for people living
there, but for those living beyond—especially those in the
lowlands who benefit from the ecological services mountains
provide. Thus, mountains, in one perspective, stand as some
of the planet’s last natural ‘islands’ in a sea of increasingly
anthropogenic influenced lowlands, providing a number of
significant ecological functions extending beyond mountain
regions (Hamilton 2002).

Mountains also represent unique areas for detecting climate
change and assessing climate change impacts (Nogues-Bravo
et al. 2008; Dyuergerov and Meier 2005). As climate changes
rapidly through elevation over relatively short horizontal dis-
tances, so do hydrology, vegetation, ecological conditions, and
socio-economic settings (Whiteman 2000; Xu and Melick
2006). This rapid change over distance, in turn, also influences
cultural values and societies. In this way, it is important to
recognise the complexities of environment-society interactions
—culture and environment are mutually reciprocating systems.

The increasing awareness of climate change impacts on
mountains, mountain ecosystems, and mountain commu-
nities have started drawing attention to mountains during
international debates such as the United Nations Conference
on Environment and Development in Rio de Janeiro in 1992,
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Fig. 1.1 The Hindu Kush Himalayan region and 10 major river basins

the Sendai Framework for Disaster Risk Reduction 2015, the
Paris Agreement 2015 of the United Nations Framework
Convention on Climate Change, and the Sustainable
Development Goals (SDGs) and Targets 2030. There should
be more pursuits for mountain perspectives to form an
integral part in any discussions about future plans for sus-
tainable development in the context of climate change. That
means not just highlighting the vulnerabilities and fragilities
inherent to mountain locations, but also emphasizing the
resilience and strength that mountain people and commu-
nities bring when seeking to deal with these challenges.

1.2 The Hindu Kush Himalaya—A Global
Asset

A critically important geo-ecological asset, the Hindu Kush
Himalaya (HKH) is the origin of 10 major river basins and
encompasses over 4.2 million km® area (Bajracharya and
Shrestha 2011; Bajracharya et al. 2015) (Fig. 1.1). This HKH
area and Tien Shan mountains together form the largest area
of permanent ice cover outside of the North and South Poles
(hence, the occasional reference to the HKH as the “Third
Pole”) and is home to four global biodiversity hotspots, 330
important bird areas (Chettri et al. 2008), and hundreds of
mountain peaks over 6,000 m. The region provides
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ecosystem services (e.g., water, food, energy) that directly
sustain the livelihoods of 240 million people in the mountain
and hills of the HKH. Nearly 1.9 billion people living in the
10 river basins also benefit directly and indirectly from its
resources (see Box 1.1), while more than 3 billion people
enjoy the food produced in its river basins. The region is also
home to some of the most diverse cultures, languages, reli-
gions, and traditional knowledge systems in the world.

Box 1.1 Population of the Hindu Kush Himalaya
and the ten major rivers basins originating in the
Hindu Kush Himalaya
Box Authors: Golam Rasul, Abid Hussain and Sudip
Pradhan, ICIMOD

Based on the latest available government data
sources and projections, in 2017 the population of the
mountain and hills of the Hindu Kush Himalaya is
around 240 million people (see Table 1.1). The total
population in the ten major river basins with their
headwaters in the HKH is around 1.9 billion, including
the 240 million in the mountain and hills of the HKH
(see Table 1.2).

The ethnic diversity and cultural wealth of the HKH extend
from the Hindu Kush valleys in Afghanistan to the diverse hill



Table 1.1 Population in the mountain and hills of the HKH
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Countries Areas included in the HKH region Population of HKH “Population in 2017 “Population in 2030
in million (Year of (million) (million)
data sources)

Afghanistan | All provinces except the provinces of Kandahar, 22.85 22.85° 29.91

Helmand, Nimroz, Farah, and Herat (2016-17)

Bangladesh Chittagong hills 1.60 1.78 2.27
(2011)

Bhutan Entire territory 0.78° 0.78¢ 0.96
(2017)

China Parts of the provinces of Yunnan (Diqing, Nujiang  32.51 33.29 38.86

and Dali prefectures), Sichuan (Ganzi, Aba and (2015)
Liangshan prefectures), and Gansu (Gannan,

Wuwei and Zhangye prefectures); Xinjiang

autonomous region (Kashigar, Kezilesu, Hetian

and Altai prefectures); Tibet (entire territory), and

Qinghai province (entire territory)

India Entire territory of 11 mountain states (Assam, 76.98 86.27 110.44
Uttarakhand, Himachal Pradesh, Manipur, Jammu (2011)
and Kashmir (Indian administered area),

Meghalaya, Mizoram, Nagaland, Sikkim, Tripura,
Arunachal Pradesh), and Darjeeling and
Kalimpong districts of West Bengal state

Myanmar Chin, Shan, Rakhine and Kachin states 11.18 11.70 14.24
(2014)

Nepal Entire territory 26.49 28.75 34.31
(2011)

Pakistan Khyber Pakhtunkhwa province, 24 districts (out of 51.47¢ 51.47 ¢ 72.64

32) of Balochistan province (excluded districts are (2017)

Kachhi, Gwadar, Jafarabad, Jhal Magsi, Lasbela

and Sohbatpur), Azad Jammu and Kashmir (AJK),

Gilgit-Baltistan and Federally administered Tribal

Areas (FATA)
Total 223.86 236.90 303.63
Notes

“Exponential projections of populations. The periods of growth rate estimation for HKH areas were 2009-2017 (Afghanistan), 2001-2011
(Bangladesh), 2010-2017 (Bhutan), 2011-2015 (China), 2001-2011 (India), 1983-2014 (Myanmar), 2001-2011 (Nepal), and 1998-2017
(Pakistan). These growth rates are used to project populations for 2017 and 2030

"Projected population for 2017 procured from Statistical Year Book of Bhutan, 2016

“Population statistics for 2017 are directly collected from official sources of respective countries (Statistical Year Book of Bhutan 2016; Population
Census of Pakistan 2017; Statistical Year Book of Afghanistan 2016-17)

YProjected population of Azad Jammu and Kashmir and Gilgit-Baltistan for 2017 was added to the population of HKH areas procured from
Population Census of Pakistan 2017

Sources (1) Data for latest population statistics are collected from Statistical Year Book of Afghanistan 2016—17; Population and Housing Census
(Bangladesh) 2011; Statistical Year Book of Bhutan 2016; Year Books of China, Yunnan Province, Sichuan Province, Gansu Province, Xinjiang
Autonomous Region (China) 2016; Population Census (India) 2011; Population and Housing Census of Myanmar 2014 (The Union Report,
Volume 2); National Population and Housing Census of Nepal (national report) 2011; Population Census 2017; Govt. of AJK 2014; Govt. of
Gilgit-Baltistan 2013

(2) Data for Base Year population (used for growth rate estimation) collected from Statistical Year Book of Afghanistan 2008-09; Population and
Housing Census (Bangladesh) 2001; Statistical Year Book of Bhutan, 2016; Year Books of China, Yunnan Province, Sichuan Province, Gansu
Province, Xinjiang Autonomous Region (China) 2012; Population Census (India) 2001; Population and Housing Census of Myanmar 2014 (The
Union Report, Volume 2); National Population and Housing Census of Nepal (national report) 2011; Population Census (Pakistan) 1998
Assumptions for Projections In- and out-migration rates, fertility rate and mortality rate will remain stable

and mountain systems of Myanmar. Between these areas, we
find the arid and semi-arid regions of the Pamir and Kar-
akoram mountains; the high Himalaya of India, Nepal, and
Pakistan; the un-spoilt beauty of Bhutan; the Tibetan Plateau
of China; and the three parallel rivers of the Salween, Mekong

and Yangtze in the far eastern region located in Yunnan
Province of China. The HKH features great heterogeneity
from north to south and east to west in relation to precipita-
tion, vegetation, and human livelihoods. This variability defy
making easy generalizations about the region.
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Table 1.2 Area and population of the ten major river basins
originating in the HKH

River basins “Area PPopulation in PPopulation in
(km?) 2010 (million) 2015 (million)
Amu Darya 645,870 27.19 30.18
Brahmaputra 528,083 64.63 68.07
Ganges 1,001,090 539.43 580.09
Indus 1,116,350 24431 268.42
Irrawaddy 426,393 40.18 42.87
Mekong 841,337 74.58 77.31
Salween 363,898 18.19 17.88
Tarim 929,254 10.65 11.37
Yangtze 2,066,050 600.92 604.94
Yellow 1,073,440 192.86 198.02
River
Total 8,991,765 1,812.95 1,899.14
Notes

“The area of individual basins have been calculated from basin
boundary shapefile in Albers equal-area conic map projection
developed by ICIMOD

"The basin-wise population has been calculated from the “Gridded
Population of the World adjusted to UN country level population
estimates for 2010 and 2015 dataset produced by the Center for
International Earth Science Information Network (CIESIN), Columbia
University  (http://sedac.ciesin.columbia.edu/data/collection/gpw-v4/
united-nations-adjusted)

1.3 Key Issues of the HKH

This assessment considers the key issues in the HKH region in
the context of related questions that draws regional attention,
cooperation and policy solutions. The HKH region is geolo-
gically fragile, with young and rising mountains, usually
vulnerable to erosion and landslides, even without human
interference. The region is undergoing rapid change driven by
stressors such as climate change and human conflicts, and
factors like globalization, infrastructure development,
migration, tourism and urbanization. The outcome of inter-
play of these complex drivers of change is challenging to
predict but will have major consequences, not just in the
region but globally. There is a critical need to assess these
drivers’ potential cost to the HKH environment and human
wellbeing as well as the opportunities they may present. Per
capita fossil fuel CO, emission from the HKH countries is
one-sixth of the global average, however the region immen-
sely suffers from the impact of climate change. Climate
change is further enhanced by short-lived climate pollutants
such as black carbon, which is emitted in large quantities in
regions upwind of the HKH where dirty energy sources also
have a large impact on health. From a policy standpoint,
achieving food, water, energy, and livelihood security in the

region will require exploring scenarios based on different
assumptions so that the scientific community, policy-makers,
the private sector, and community stakeholders can come
together and make optimal governance decisions to sustain
this global asset. It will also require country-specific recom-
mendations to guide national-level policy-making.

1.4 Overall Objective, Rationale and Key
Questions

1.4.1 Overall Objective

This assessment aims to (1) establish the global significance
of the HKH, (2) reduce scientific uncertainty on various
mountain issues, (3) lay out practical and up-to-date solutions
and offer new insights for development of this region,
(4) value and conserve existing ecosystems, cultures, socie-
ties, knowledge, and distinctive HKH solutions that are
important to the rest of the world, (5) addresses contemporary
policy questions, and (6) influence policy processes with
robust evidence for sustainable mountain development.

1.4.2 Rationale for the Assessment

An assessment is distinct from a review. Whereas research
speaks to other scientists in a particular field, assessments
critically evaluate current states of knowledge about a topic
with an aim to develop policy-oriented solutions, and inform
relevant decision-makers across sectors. Assessments are
structured to address specific social problems by translating
science into forms that are salient, legitimate, and credible to
wider audiences (Clark et al. 2006). Nevertheless, assessments
also give due importance to reducing scientific uncertainty.
An integral part of assessments is indicating the level of
confidence that chapter teams have concerning key findings,
based on the available data, evidence and peer-reviewed
publications. For the HIMAP Assessment it was decided to
follow the four-box model adopted by the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) for the qualitative communication of
confidence, which juxtaposes the level of agreement with the
quantity and quality of the evidence. In the Chapter Over-
views the following four confidence terms are used, in
brackets and italics: (well established), (established but
incomplete), (unresolved) and (inconclusive). For a key
finding to be well established, the quantity and quality of the
evidence is high as is the level of agreement. For incon-
clusive both are low, while for unresolved multiple inde-
pendent studies exist but the conclusions do not agree (low
level of agreement). Lastly, established but incomplete per-
tains to findings where the general level of agreement is high
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among experts, although only a limited number of studies
exist and the level of evidence is low to moderate.

The target audiences for this assessment are those who
make decisions on investments and management regarding
mountain development, that is, policy-makers, government
agencies, foundations, academics, natural resource managers,
private-sector investors, and civil-society members. In addi-
tion, our assessment aims to inform the general public about
important mountain issues so that everyone can help to make
better decisions through political processes in HKH countries.

In 2007, the Intergovernmental Panel on Climate Change
(IPCC’s) fourth assessment report (Pachauri and Reisinger
2007) predicted that climate change will be the most promi-
nent driver of global change in the 21st century and pointed to
the lack of consistent long-term monitoring in the HKH. The
report called for national, regional, and global efforts to fill
this data gap. Little progress was made in the HKH by the time
of the IPCC’s fifth assessment report (Pachauri and Meyer
2014). While universities, nongovernmental organizations,
and scientific organizations have made strides in assembling
and consolidating data, information on environment, natural
resources and social systems of the HKH collectively remains
too fragmented and incomplete to derive any meaningful
conclusions about trends and scenarios.

The Hindu Kush Himalayan Monitoring and Assessment
Programme (HIMAP), which brings together hundreds of
scientists and experts from the region and around the world,
aims to address these knowledge gaps and propose a way
forward. This comprehensive assessment goes beyond cli-
mate change and is expected to greatly assist efforts to
address threats and act on opportunities, and gives impor-
tance to upscale cutting-edge approaches. HIMAP derives
inspiration from the Arctic Monitoring and Assessment
Programme, which has systematically generated meaningful
data and analysis about key trends and future scenarios on
environment and natural resources in the Arctic region.

1.4.3 Key Questions

A set of questions relevant for the assessment was developed
first by nalysing the key issues of the HKH region. The
assessment was designed in a way that each chapter team
considered relevant questions in writing their chapters.
HIMAP has considered the following critical questions:

e What are the most important drivers of change in the
HKH, what is the role of climate change, and what are
their potential impacts on biodiversity, ecosystem ser-
vices, livelihoods, and water resources?

e What are the most important strategies, policies, and
governance arrangements for enhancing community
adaptation to drivers of change, including climate

E. Sharma et al.

change; how can they be out-scaled; and what are their
impacts?

e How do gender-equitable and inclusive approaches sup-
port sustainable mountain development, and how can
these be realized?

e What migration trends exist in the region, what are their
present impacts on livelihoods and the environment, how
climate change is inducing migration and should migra-
tion be taken as adaptive strategy, and what are the
options for addressing migration and the likely con-
sequences of those options?

e What is the existing status of the cryosphere, what
changes are likely, and what are the possible impacts of
those changes?

e What is the current and likely future quantity, variability,
and quality of the water in the 10 major river basins of
the HKH; what are the potential impacts of change on
water availability; and how can negative impacts be
mitigated?

e What are the best means of reducing the risk of floods
and droughts, and how can they be introduced at various
scales, including on Transboundary Rivers?

e Why is air pollution increasing in the HKH, how is the
HKH affected by air pollution from within and beyond
the HKH, and how can the problem be reduced?

e What are the energy needs and possibilities for the people
of the HKH, what are the positive and negative impacts
of hydropower development, how effective and safe is
hydropower generation as an economic enterprise, and
how can hydropower best be sustainably developed in
the region?

e How can ecosystems be managed to support soil and
biodiversity conservation, and improved livelihoods in
the various contexts found in the HKH?

e What ecosystem services do mountains provide, and how
can management and supply of these services be
compensated?

e What watershed-, landscape-, and forestry-based
approaches will best support ecosystem services, food
and water security, and community resilience?

e How can the HKH develop a green economy? What
technologies (modern, traditional, and indigenous) and
approaches are best suited for sustainable mountain
development in the region, and how can they be out-
scaled?

1.5 Vision

The assessment foresaw the key issues of the region, drew
13 critical questions for addressing the identified issues, and
both the issues and questions were used in formulating the
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vision of the assessment: To enable a prosperous, peaceful,
and poverty-free people; food, energy, environment and
water secure people; and climate- and disaster-resilient
mountain communities for the region and the world.

(1) Prosperous—wellbeing in terms of productive and
dignified, social (quality of life, social capital, heal-
thy), cultural (identity plus integration), and environ-
ment (clean air, water, pollution management, and
healthy natural resource base)

(2) Equality of access to opportunities and benefits of
resources for everyone regardless gender and social
class

(3) Food security—healthy people with access to ade-
quate, affordable, good quality and nutritious food

(4) Energy security—access to adequate amount of
energy that is affordable, non-polluting and sustain-
able, without unduly affecting the present low carbon
status.

(5) Water security—access to quality, affordable water;
and protection from extreme events such as floods and
droughts

(6) Vibrant and bio-diverse ecosystem services for people
to support culture and economies; protection and wise
use of ecosystem services

(7) Climate and disaster resilient communities and
countries; contributing to mitigation and adaptation;
means—finance, capacity building, knowledge and
technology

(8) Cooperation at all levels (people to people, business
to business, government to government) between
countries for sustainable and mutual benefits to
achieve vision

(9) Unrestricted people movement across the HKH
countries

(10) Recognition of the HKH region as a global asset.

1.6 HKH Priorities Contributing to the

Sustainable Development Goals

Considering the issues, questions and vision as part of this
assessment, we drafted our chapters and key messages in
line with the United Nations’ Sustainable Development
Goals (SDGs). In this way, our “Priorities for Mountains and
People of the HKH” reflect the ideals and inspiration of the
SDGs. We created this complementarity through a three-step
exercise:

(a) Define HKH priorities, align them with SDGs and refer
to relevant HIMAP assessment chapters;

(b) Define HKH specific targets for 2030;
(c) Identify suitable indicators derived from the list of
proposed SDG indicators; and indicate data availability.

Table 1.3 lays out the relationship between HKH prio-
rities and the SDG framework.

1.7 Conceptual Framing of the Assessment

The concept of the assessment was logically developed step
by step by framing of key issues, identifying critical questions
to address the issues and visioning of the exercise and iden-
tifying nine priorities that could contribute to 2030 SDGs.

Our assessment addresses the environmental, economic
and social pillars of sustainable mountain development and
will serve as a basis for evidence-based decision-making to
safeguard the environment and advance people’s wellbeing.
This report will not be a one-time publication. It is planned
as the first of a series of monitoring and assessment reports
about the HKH.

In spite of the vast expanse of mountains and their
importance in the world, as a unique and exclusive land
form, they have been largely ignored within better known
environmental assessments such as the IPCC and Millen-
nium Ecosystem Assessment. In those assessments, moun-
tains are not examined in detail: scientific knowledge is
scattered and traditional indigenous knowledge systems are
mostly absent. This assessment intends to fill these gaps and
provide information for improved decision making in and
for the HKH. HIMAP intends to provide a connection of this
region in global assessments such as IPCC AR 6 and sub-
sequent ones and IPBES, and intends to contribute to global
targets like 2030 SDG goals, 1.5° World after
Paris UNFCCC 2015 agreement and Sendai Framework for
Disaster Risk Reduction 2015.

The assessment chapters consider status, trends and sce-
narios on environmental, economic and social systems of the
HKH region, and come up with recommendations that build
into key policy messages. This assessment focuses on var-
ious drivers of change all of which are influenced by impacts
of climate change. Mountain people and ecosystems tend to
experience change more rapidly and with greater intensity.
Mountain regions are no longer isolated from globalization.
The HKH’s biodiverse resources, rich indigenous knowl-
edge systems, and enormous reservoirs of water provide
vibrancy to the region and beyond. Understanding how these
features may change over time is extremely important. In
response, we devote many pages of this assessment to
considering alternative development pathways and discuss-
ing ideas for enhancing regional cooperation in the HKH for
sustainable mountain development.



E. Sharma et al.

(panunuod)

[re 103 senmumioddo

Surured] Suofayr] oword

pue uoneonpa Aenb ojqejmbo
PUE QAISN[OUI AINSUY ‘' [BOD)
sage

[Ie e [[e J0J 3uraq-[[om jowoid
puE SQAI] Ayj[eay 2Insuyg ‘¢ [e09)
QIYMATIAD SULIOJ

I [[e ur AJoAaod pug ‘T [eo5)

DS JUBAS[AI JSOUW YIIM NUI]

(ST) uoneIsI .
(1) uowdo[orap

QAISN[OUT PUE IOPUL) »
(21) spooyraay pue
Aniqersuna £j10a0d UrejunoyA «
(11) oouarqisar Jursearout
PUB UOTONPAI YSLI IASESI(] «
(o1) uonnyjod a1y .
() 2Sueyd Jo sIoALIp H e

19)deyo Surpuodsoriod
JuswSsasse JVINIH

QA1) oym uonendod upunow
[ean1 oy} jo uontodoid .

(1'9'g) Suturen

1o JjuowAo[dwd ‘uoreonpo

ur jou (sIeak 7—G1 pase)
ynoA umpunows Jo uoniodoid «
(1°6°¢) uonnyjod
Ire JUSIqUIE pue p[oyasnoy
0} panquye jer AJeLoN
(T'¥'1) 2Iud)
Jo adKy £q pue xas £q ‘a1ndas
se pue[ 0) SIY3L J1aY) oA1001d
OUyM pUEB UOTRIUSUINOOP
pazru30oa1 A[[e3o] Yrm
‘puel 03 SIYSHI AINUI) INIAS
yim uonendod upunow
jnpe [e303 jo uontodoid .
avn
(uoreonpa ‘yieay ‘uonelrues)
SIOIAIOS JISeq 0) SSOJE M
sproyesnoy ur 3urar uonendod
wippunowt Jo uoniodoiq
Temn
J[qerauna ay) pue 1ood ay) pue
swnoIA Amlur-yIom ‘suroq-mou
‘uowom jueudard ‘saniIqesip
s suosiad ‘syueidru ‘suosiod
1opjo ‘suosiad pakordwoun
‘UQIp[IYO JurysmIunsIp ‘xas
Aq ‘surqysAs/sioopy uonosjoid
[e100s Aq paroaod uonerndod
wippunowt Jo uoniodoiq
(z'z'1) suonmuysp [euoneu
0} 3uIpI0OdE SUOISUAWIP
SI [[e ur A3xoaod ur SurAl
sa3e [[& JO UQIP[IYO pue USWOM
‘uowt upgunows Jo uontodoid
(T1°7) (reans
Jueqin) uonedo] [eorydei3oo3
pue smejs juowrkojdurs
‘a3e “xas Aq ‘(Aep ® 7 1$
=) our Ay1eAaod TeuoneUIUT
oy mofeq uonerndod
ujunowt Jo uoniodoid «

(sosoypuared ur psi|
SI0JROIPUT D(TS) $107e1PU] HNH

(0°01) %¢ uey 1oysSTY
S1SOO YJIM SIOPLLIOD QOUB)IWAI
QJBUIWI[ PUB SOOUL)IWI
JueISIuI JO $JSOJ UONIBSUERT) Y}
9%¢€ uey} SS9 03 NPAI ‘00T A9
(L°0T) Sea1e urejunowr
-UoU pue UIBIUNOW UIMId]
pue urgim 9rdoad jo Ajprqowr
pue uoneidiu 9[qisuodsar
pue ‘oyes ‘A[1opIo areyifIoe]
(1't) uoneonpa AIEpuOdds pue
Arewrd Aypenb pue ojqeimbo
‘o013 9191dwod surejunowr
o) ur skoq pue spu3 [y
(8°¢) sureyunowr 9y}
ur o[doad [[e 10 sourddeA pue
SQUIOIPAW [BIIUSSD J[qePIOe
pue ‘Aifenb ‘oAnoago ‘oyes 03
SS900E PUB SOJIAIDS IeOYI[EIY
Ayrenb 03 ss9008 ‘938I0A00
[J[eay [ESIOATUN JAJIYDY
(Z'1) 0£0T Aq seare ureyunow
ul 019z 0} SpIau dIseq JoYJo
pue ‘uoneonpa ‘yireay Jurpnpour
Ky19A0d QWIOOUT-UOU QONPIY »
(1°1) 0£0C Aq Sseare ureyunow ur
013z 0} K119A0d QwoOUT 9ONPIY

(sesoypuared
ur s3e81e} DS pare[e1) s1ede],

JUSWUOIIAUD J[qe)Inba
pUE QAISN[OUI Ue UI SAAI] Ayj[eay
pes] uor3ar HH 9y} JO UdIp[Iyo

pUE USW ‘USWIOM JBY) 2INSUD
PUE SUIBJUNOWL AU} Ul AIDYMAIIAD
wLIoj SI e ur A1oaod pug

uoI3ar HH
oy 10y senuond JualsIsuod HAS

HIH 2y jo sopdoad pue surejunowr 10j sonuold jud)sisuod DS 10J Jlomowel] €°L djqeL



Introduction to the Hindu Kush Himalaya Assessment

1

(panunuod)

SOIIUNOd SUOWE puE UIYIIM
Kyrenbaur 20npay ‘1 €09
S[IS pue uowom [[e Jomodwo pue
ATenba 1opuad 24OV G [B0D)

suroped

uononpoid pue uondwnsuod
J[qeureisns aInsug ‘gJ [€09
Aamnouse

d|qeuresns ojowoid pue
uonnu paaoidwr pue K)noss
PooJ aadyoe ‘JeSuny pug ‘g [0

DS JUBAS[AI JSOUT YIIM U]

(9) HYH 2y ut
SPaaN AS1ouyg 2rmn SunoSN e
() S9O1ATOS WISASOOH pue
Ays1oarporg HYH 3Jururesng o

(1) yuswdogaaap
QAISN[OUI PUE IOPUAL) «
(¢1) se13ojens uoneydepy .
(Z1) spooyteal pue
Aniqersuna Kj1oa0d UrejunoyA «
(11) oouarqisar Jursearout
puE UONONPAI YSII IJSeSI( o
(6) AIIND3S UONLIINU PUB POO,] »

19)deyo Surpuodsoriod
JuswIsSsasse JVINIH

Jgouaq Afeyeuontodoxdsip

Jey) $10J09s 0)

Surpuads [endes pue juermor
JuUOWIUIAA03S JO uontodoid .

(7'€7) smeys snouaipur

pue x3s £q ‘sroonpoid pooj
9[eOS-[[BWS JO QWIOOUT IFLIOAY
(7’70 23 pue xas

Aq uonnUEW JO 90UIRAIJ
(1'1°7) o3¢

pue Xas AQ juowySLINouIapun
JO QouareAdlq

(I"T'11) seniiqesip

yim suosiad pue a3e ‘xos

Aq “podsuen orqnd 03 ssedoe
juaruaAuod sey jey) uonendod
umunowt Jo uoniodorg
(1'1°6) peos

UOSeas-[[e Ue JO WY g UIyim

(sosoypuoared ur psy|
s10JROIPUT D(TS) $107e1PU] HNH

@9
SMIS pue udwom [[e jsurede
QOUD[OIA JO SULIOJ [[B QRUNUI[H »

(Z°71) $90IN0Sal [eanjeu Jo

9SN JUAIOLJS pue JUSWAFeURWL
J[qeUIR)ISNS JADIYIY o
@®7)
Kyoedes oanonpoid [einynoude
aaoxdwt 03 surejunow
AU} Ul SYUBQ QUT JO0)SIAI]
pue juerd pue quowdo[oAap
A3o[ouyoa) ‘yoreasar
[eI[NOLISE ‘QInjonnseIjur
[eINI UI JUSUIISIAUL JSBAIOU]
(¥7) ALienb qros
pue pue] aaroxdur K[oarssergord
ey} pue SI9ISeSIp IAYI0
pue 3urpoop YYInoIp ‘rayjeam
QwaNXa ‘93uryd AR
0} uoneidepe 10y Ayroeded
udyI3uamns Jey) ‘SwI)SAS0d
urejurewr djoy jey) ‘uononpoxd
pue Ayanonpoid asearour
yeyy surppunout ayp ur sadnded
[eany[nowIe Jualjisal Juawa(duwur
pue swasAs uononpoxd pooy
d[qeurelsns 2Insud ‘0c07 A9
(¢'7) slouLe} uowom
Suipnjour ‘S1ouLIR) J[RIS-[[BWS
J1oj sowoour Joysiy o[qeus
(¢0) uaIpiyd
[1S pue uswom 10y Aprernonred
‘A)Nd3s uonmNU pue pooy
Qaoxdwil pue surejunow dy)
ul uonLIINUBW JO SULIOJ [[B puy »

(sosaypuared
ur s3e81e} DS parerer) s1edme],

surgyunow
Ay} ur oSueyD SATBULIOJSULI)
pue dAISN[OUI YInoIy)

K)nba [e100s pue 10pua3d QANYIY

aImnouge ur so[ox

Surueyo s uowom 0) uonuIe
Temonted yim ‘ordoad urejunow
J10J QWOodUI pue ‘AJLINd9s uonLynu
‘AIINO3S POOJ QINSSE O} SWAISKS
uononpoid d[qeureisns owoid

uoI3ar HH
o 10y senuond JualsIsuod HAS

(ponunuod) gL ajqey



E. Sharma et al.

10

(panunuod)

[[e 10} UOlEIIUES pue
Ioyesm JO JUQWASeURW O[qeure)sns
pue Kj[iqe[reae ansug ‘9 [eo9)

S[QAQ] [[e J& suonmusul

QATSN[OUT PUE J[qEIUNOIJE
9A1DJ PIINQ pue [[e 10J 2onsn(
0) ssaooe apraoxd uawdoforsp
9[qeureIsnS J0J SANAI0S JAISN[OUL
pue [njooead 9jowold ‘9T [BOD)

DS JUBAS[AI JSOUT YIIM U]

(6) AIIND3S UONLIINU PUB POO,] »

(G) osn pue AJ[Ie[IBAR IJJBAN »
(t) a1oydsoL1o

oy ur 25ueyd pue SmelS .

(€) H3IH 2y ur d5ueyd aew)) «

on
SUONMIIISU] PUB JOURUIDAOL) «

(ST) uoneIsIy .
(1) uowdojorap
QAISN[OUI PUB JOPUSL) »
(€1) se13aens uoneydepy «
(T1) spooyteal pue
Anqqesouna Ayoaod urejunopy «
(11) oouarfisar Jursearout
puEB UOnONpPaAI YSLI IAISesI(] «
(01) wonnyjod 1y .
(6) A1IN23s uONLINU PUB POO «
() osn pue AI[Iqe[TEAE IJJBAN «

19)deyo Surpuodsoriod
JuswIsSsasse JVINIH

(1°1°9) S92IAISS Jajem

Sunjunp paSeuewr A[ojes Sulsn
(se11039)eD [B100S pue 3e ‘XS
Aq poyedar3Sesip) uonendod
upyunow jo uoniodoid

(z'L'91) dnoi3 uvonemndod
pue Kiiqesip ‘a3e ‘xas
Kq ‘aArsuodsar pue dAIsSn[oul
SI SUDJBUW-UOISIOAP JAI[q
oym uonerndod jo uoniodoig
(1°L91) suonnqysip
[euoneu o) paredwod
(Arerorpn( pue ‘oo1a19s orqnd
‘sQInJe[SI39 [BO0] puE [eUONRU)
suonmnsut o1qnd ur (sdnoi3
uonendod pue sanIIqesp
s suosiad ‘a3e ‘xos
Kq) suonrsod jo suoniodoid .
(1°T°01) uonemdod
#2101 a3 pue uonendod oy jo
90y wonoq Yy Juowe ejideds
10d woour Jo axmipuadxa
ployasnoy Jo sjel yIMoIn
(1°e°g) amua) jo odKy £q ‘puef
[eIm[noLI3e Jo S10189q-SIYILI
1O SISUMO SUOWE UWOM
JO areys pue ‘xas Aq ‘pue[
[eIM[NOLISE J9AO0 SIYSLI 2INDIS
10 drysroumo yyim uonendod
[ermnoLSe [e10) jo uontodoid
(T'T°9) x08
JO SISeq 9y} UO UOHBUIWILIOSIP
—uou pue Ajenba
JOJIUOW pue 3210jud ‘dJoword
01 2oe[d Ul aI1e SyIOMOUILL]
[©33] 10U IO JOYIYA o
1€
X3s Aq ‘sypuowt g snoradxd
oy ur Sururen pue uonEONP
[PUWLIOJ-UOU PUB [BULIOJ UI S)Npe
pue ynok jo ojer uonedonred .
(1°9°1) sdnoi3 ojqerourna
pue 1o0d oy} ‘uowiom

(sosoypuoared ur psy|
s10JROIPUT D(TS) $107e1PU] HNH

('9) punoi-1eak J[qeIa
are jey) (A310u9 ‘armynoude)
$10309s Juowrdo[oAdp A9y

10J A[ddns 191eM 9INJ9S 9JBAIY) »

(zo1) smes
IOUJO 10 JIWIOU0I? JO UOISI[aI
‘uIdo ‘A3otuylo ‘adel ‘xas ‘oge
Jo oAndadsal [[e Jo uoIsnjoul
[eonijod pue SIWIOUO ‘[BI0S
) 9joword pue romodwry «
(€¥)
surejuNoOwW Y} Ul UONEINP
ur senuedsIp Jopued SjeurwiI[g
(9°¢) sureyunowt
Uo SNO0J B YIM ‘S[OAQ]
[Te Je S[II3 pue uouwiom [[e JO
juourromodwe oy pue Ayenbo
[e100s pue 19puasd jo uonowoid
Q) 10J uone[SI39[ pue
sarorjod uayiSuans pue 3dopy
(L'9T) S[eA9[ Sunyew
-uoIsIo9p ) Je Aprenonied
‘9001 IsB9] 18 AQ suonmnsul
Ul USWOM JO JOqUINU 9SBAIOU]
(S°9) ap
orqnd pue osrwouod9 ‘feaniod
ul SUD{RW-UOISIOAP JO S[OAJ] [[@
Je drysioped 103 senrumioddo
renba pue uonedronied
AN sdnoid pazifeurdrew
pUE S UQWOM INSUY o

(sosaypuared
ur s3e81e} DS parerer) s1edme],

‘uonejIUes ‘Iojem SUDIULIp Jfes

0} SSEJ0B A[qEPIOYE UL [BSIQATUN

s surejunowr oY) ur Aiddns

Jajem 2Indas UC.DOhJ_mw% © aInsuy

uoI3ar HH
o 10y senuond JualsIsuod HAS

(ponunuod) gL ajqey



Introduction to the Hindu Kush Himalaya Assessment

1

(panunuod)

puE j[ey pUEB ‘UONEBOYNIISIP
JeqUIOD ‘s)$9I0J dFeurw
A[qeureisns ‘swo)sAs009 [BLISALIS)
Jo osn g[qeurelsns owoid

pUuE 210)sa1 109)014 ‘ST [805)

[1e 10} A310U9 WIOpOW pue
d[qeurelsns ‘9[qerjor ‘o[qepioge
0} $S9008 AINSuy ‘L [B0D)

syoeduwt
S)1 pue a3ueyd JLWID JBqUIOd
0} uonoe JuadIn e, €] [€0D

DS JUBAS[AI JSOUT YIIM U]

() SEOIAIOS WA)SASOOH
pue Ajis1oArporg HYH Sulureisng

(01) wonnyjod 1y .
(L) @1oydsoAio
oy ur aSueyd pue SMeIS .
(€) HXH oy ur 95ueyd ew[)

on
SUONMITSU] PUE OUBUIDAOL) «
(ST) uoneIsI «
(1) yuowdogoaap
QAISN[OUI PUE JOPUAL) «
(¢1) se13oens uoneydepy .
(T1) spooytjeAl pue
Aniqessuna Kj1oa0d UrejunoyA «
(11) 9@ouarqisar Sursearour
puUE UONONPAI S IISESI( o

19)deyo Surpuodsoriod
JuswIsSsasse JVINIH

£Q pa1oA0d are Jey) AISIOAIPOI]
19JeMUSAI} PUB [BLISALIS)

105 sayts juepodur jo uontodoig
(1'9'9) oM I9AO SWA)SAS0ID
JO JU9IXA Yy ul duRYD)

(T9'1D) (pawysrom
uonerndod) sano ur (O TN pue
GZINd 'T9) 1opewr Qjenonted
QUL JO S[OAQ] UBW [ENUUY
(1°6) poppe
anfea jo jmun 13d uoIssIwd Q) .
(z'1°L) ASojouyo9) pue
S[onJ uea[d uo douerfar Arewnd
M (SOLI032IeD [BI00S PUB XS
Kq poje3ai33esip) uonendod
urejunow jo uoniodoid «
(1°1°L) K101109[2 01 $59008
M (S911039)8D [BIDOS PUB XIS
Kq paredar3sesip) uonendod
urejunow jo uoniodoid
(1°6°¢) uonnyjod
Ire Judlquie pue pjoyasnoy
0) paynquye el ANeHOoA

suonmnsul

PaR[aI AJRUWII[O PUB IAJeM

Ul S[OAQ] U BW-UOISIOAP Y} Ul
udwoOM pue udw Jo uoniodoid e
(7's'9) uoneradooo
19JeM 10 JuswagueLe
[euonerodo ue yym eBAIR UISE]
Krepunoqsuen jo uontodoiq
(T$°9) $92INOSAI IAJeMYSATJ
J[qerreae jo uontodoid
€SB [EMBIPYIM JOJeMUSAI)
:SSAIS IajeM JO [9Ad]
(1'7'9) 197eM pue
deos yym Ajioey Surysem-puey
€ Jurpnpour ‘sadIAlIes
uonejues pageuew K[oyes Suisn
(se110393e0 [B100S pue aFe ‘XS
Kq paredar3sesip) uonendod
wpunow Jo uoniodoid «

(sosoypuoared ur psy|
s10JROIPUT D(TS) $107e1PU] HNH

PUS PUE JOIJUOD SJI[P[IM-UeIny
SSTWIIUIW 0) UONIB JUITIN AYB], »
(¥'S1) senqey

pue AJsIoAIpolq J1oy) Suipnjout
‘SWI9)SAS009 UTRIUNOW

JO UONEBAIOSUOD ) AINSUF

aw

K193pnIp pue awn ‘peopiom
119y} SUISBAIOP USWOM

10J A310U9 JO SSII0E ISsBAIdU]
11

pue ¢'¢) uonnyjod Ire 9seaIdd( »
(7' L) A310U0

9[qQEeMAUAT JO SN 9SLAIIU]
(1°L) seare

[eINI UT UOHBOYINOA[O 9SBAIOU]
(1°L) surejunowr 9yj ur

ordoad ayy £q AS1ou0 o[qepioye
PUB UBI[O 0] SSIOJE [BSIOAIU() o

(9'9) Juoweeueur
IojeM UT SONIUNWIWOD
urejunow jo uonedronied
oy} uayi3uans pue poddng «
0€0T £q peof
Slom pue awn Surod[[od Joyem
S, UQIP[IYD pUB USWIOM 90NPAY
(Z'9) suor3ar ureyunowr
ur [[e J0J Uoneonpa auaI3Ay pue
SOOIAISS uonelIues 9[qelnba
pue 9jenbape 0) $S9008 QAJYIY «
(1'9) 0€0T £q ordoad
urejuNowW [[e 0} I9jem SunjuLIp
J[qepIoje pue 9Jes 0} $SAJ0E
9[qe)nbo pue [BSISATUN SAJYIY «
(5'9) syuowerde uoneradooo
Arepunoqsuen) I0jruowt
pue Juawd[dwr 0) SWSTUBYOIW
JUSIOLJO PUB QATIOR pling

(sosaypuared
ur s3e81e} DS parerer) s1edme],

SOOIAIAS JO MO paureIsns

JOJ SouaI[Isax wWISAS009 dueyua

0} SUTeIUNOW dY) UI SWAISLS009
IOUJO puE $)SAI0) dFeurwd
A[qeureisns pue uoneperdop
pue| ‘sso| ANSIOAIPOIq eH

J[qeurelsns
pue ‘o[qer[al 9[qeploye e jey)

S92INOS WIOIJ SUTBIUNOW ) Ul
A319uU2 UBS[D 0] SSIIIB [BSIOAIU[)

sosodind
sanonpoid 10y 191eM pue

uoI3ar HH
o 10y senuond JualsIsuod HAS

(ponunuod) gL ajqey



E. Sharma et al.

12

(panunuod)

QIYMATIAD SULIO)

I [[e ur AJoAaod puq ‘] [eo5)
J[qeure)sns pue JUSI[ISAI

QJes ‘QAISN[OUI SJUWS[NAS
uewny pue sanIo eI I [809
syoeduut

) pue aSueyd BWID JBqUIOd
0) uonoe Juadin 9], ‘¢ [805)

SSO] A)ISIOAIPOIq
J[eY puE UONEPEISOp PUB| 9SIOAJI

DS JUBAS[AI JSOUT YIIM U]

10J JIOMOWEL] IBpUdS 9y}
A QU] UT SOISJens uononpal
YSH I9)sesIp [e00] juswordur
pue 1dope jey) SJUSWIUIIAOT
[e20] jo uoniodoid

@s1n

SQOIAIRS JIseq Jo uondnisip
puE QIMIONNSEIJUI [BONLID

0] 9Fewep I2)SLSIp Jurpnjour
‘dao 1eqo[3 03 uonear

Ul SSO[ JIUIOU0I JASLSIP 101
(1°6'1) (xos Aq paye3ai33esip)
9rdoad 000001 1od 19)sESIP

Aq pajoaye suosiod pue suosiad
Sursstur ‘syeap Jo JoquinN

(g1) se13aens uoneidepy .
(11) oouaryisar Jursearout
pUB UONONPAI YSLI IASESI(] o

(1) 21oydsoh1o
Q) ur A3uBYD puR SNIBIS «

(1°9°G1) (seo1nosax
[eInjeu J9Y10 o d1Quasd Jo osn
JO) sjyouaq jo Juueys d[qeynbo
puE IeJ QINSUd 0} SYIoMIUIeL]
Korjod pue aanensmurwpe
‘aAne[sI3a] padope
QARY JRY) SOLIUNOD JO JOqUUNN «
(1°9°GT) SwaIs£s009
pue K)ISI9AIPOIQ JO osn
9[qRUIRISNS PUB UONBAIISUOD
uo axmrpuadxe orqnd pue
Qoue)sisse Juawdo[oAap RO »
(1's°ST) (somads
pazeSuepus) xopuy IS Py
(T¥'ST) (erep Aroewr
A[[EILs AQ PIULIOJUI ‘SBaIe
urejuUNoOW Ul UONE)d39A UI3 JO
S93uryD 2INSBIW 0} I0JEIIpUI)
XOpUJ J0A0D) UIID) UIBJUNOIA «
(I't°ST) Kisiearporq
urejunow Joj says juelroduir
Jo seare payoojoid Aq 95BISA0)) «
aesn
BAIR PUB| [B10) JOAO PIpRISOp
st jey puef jo uoniodoid e
(T1s °dhy
waISAs009 Aq ‘seare pajoojord

19)deyo Surpuodsoriod
JuswIsSsasse JVINIH

(sosoypuoared ur psy|
s10JROIPUT D(TS) $107e1PU] HNH

0JUl SAINSBAW dFUBYD SJBUII[D
ogroads urejunowr 9jeIZoIuY
(S TT) SIUSAQ AJRWI[D SWANX
0) 9Np SSO[ JIWOUOID dNPAY
(S'1) sudAd

QJBWIID AWIANX? 0} NP UIP[IYD
pue uswom 10J A[reroadse
‘sajel AJIferiows oonpay

(ren

SurejuUNOW A} Ul SIASLSIP
[eInjeu pue sprezey pojeal
arewn]d o} Ajoedes aandepe
pue 90UI[ISal UAPIUANS
(F1I'L1) 001C

£q ,G'T 01 93uBYD JJBUWII[O [9AJ]
12qo[3 doay 01 uonNoE PalIdIUON)) «

(8T°LT) SQOIAIOS WRISASO0D
pue saroads 10} aseqejep
og1oads ureyunow e ysiqeisg
sowrwres3ord

3uLeys JYouaq pue $So00E
Q0IN0Sal [eINJBU UI 90§ £q
$3s59001d SunyEW UOISIOAP Ul
uonedonred s uswom 9seaIouf
[9A9] T820] 2y Je sowwres3oxd
Kys1oatporq ur uonedronied
Aunwwod 9,00 2Insug
(e'S1) 00T

Kq 950G Aq S901AIdS Furure)sns
pue uoneidepe paseq WaISAS009
PUB ‘UONBAIISUOD AJISIQAIPOI]
Ul JUQUI)SOAUT 9SBAIOU]

((X98)

soonoeld Jununoooe [euoneu
Ul SIN[BA WRISAS022 apnjouf
(S°GT) Swa)sAs0d9

PpopeI3op 210)saI pue 9,0S

Kq syoeloxd juowdoreaap Aq
UONEPRIZIP WAISAS00? 20NPAY
(£°GT) surejunow ) ur eunejy
pue eIof jo saroads pajosjord
Jo Sunyoyyen pue Juryoeod

(sosaypuared
ur s3e81e} DS parerer) s1edme],

Suryew uoISIOOp paseq
-90UopIA? ySnoIy) surejunow
oy 103 Juawdoorsp o[qeure)sns
pUB UONONPAI YSLI IISESIP
‘@3ueyo ewr o) uoneydepe
U2oMIoq UONRISAUI AINSUF

uoI3ar HH
o 10y senuond JualsIsuod HAS

(ponunuod) gL ajqey



Introduction to the Hindu Kush Himalaya Assessment

1

(panunuod)

juowdo[oAap
g[qeureisns 10§ drysiouyred
[eQO[3 oy SZI[eNASY “LT [0D

d[qeureISNS pue JUSIISAI

‘Fes “QAISN[OUI SJUSUI[)}S
uewiny pue sanm e ‘[T [€0DH
uoneAouul I3)S0J pue
uonezieLnsSnpul d[qeure)sns pue
darsnyour djowold ‘@rnjonnserjul
jusljisal piing "¢ [20H

[[® IO} YIOM JUIIP

pue juswiojdwe aanonpoid

puE [[nJ ‘YPIMOIT JIWOU0ID
d[qeureIsns pue 9AISN[oUI
‘paurejsns djowold ‘g [BOD)

DS JUBAS[AI JSOUT YIIM U]

(91) suonmnsu] pue IDUBUIIAOD)

(ST) uoneIsIA
(#71) wewdoreaag
QAISN[OU] PUB JOPUAL) »
(¢1) se13aens uoneidepy .
(am

QOURI[ISAI FuIseaIour pue Y o

(Z1) spooytjeal pue
Aniqersuna Kj1oa0d UrejunoyA «

19)deyo Surpuodsoriod
JuswIsSsasse JVINIH

pup uoneradood juswdojorap
Jo s1opiaoid £q sjooy Juruuerd
pue SyIomourelj s)nsax
PaUMO-A1UNOI JO Isn JO JUAXY
(1°9°L1) sumpjunowt

uo 3uisnoof ‘uoneradood

Jo ad£) £q ‘serunod usamieq
sowwres3ord pue syuoUIdAISe
uoneradood AFojouyosy

J10/pUB OURIDS JO JOqUINN »

(TELD) D 01 jo
uontodoid e se (s1e[op sdeIs
paNun ur) $paip umunow
0] SOUBYIIWAI JO QWIN[OA
(T8
snje)s Juei3mu pue xas £q
‘UONE[SIS9] [BUOIRU PUE $IJINOS
[emxay (O uoneziuesiQ
Inoqe [euoneuIu]
uo paseq (Sururesreq
QAT}O[[0D PUE UONEBIOOSSE
JO wopaaly) SIYIL INOqe] YIm
Qouerdwod [eUONEU JO [9AT »
(T°S'8) svauv umwunow
u1 sanIIqesip Yim suosiad pue
a3e ‘xas £q ‘ore1 Juowkojdwaup) »
(1°'8) seniiqesip
s suosiad pue o3e
‘uonednooo Aq ‘spvap uijunowt
u1 sooko[dwd orew pue o[eWIY
Jo sSurures Aoy 95eIoAY
(T°6'8) sqol wsLno)
upunows €0} Jo JNO SaLnsnpur
WISLINO) UIDIUNOW J[qeure)sns
ur sqol jo uoniodoig «
(1'6°8) @181 IMOI3 Ul pue
ddo 1810} jo uontodoid e se
ddD 10911p WSLINOY UIDIUNOY]
(1°1°8) sva4p uUnout
40f pain8a.133vsip ‘endeds 1od
ddD [ea1 JO a1l YIMOIS [enUUY .

(I'a'1D) 0£0T

~ST0T uononpay sy 10IsesIq
(sosoypuoared ur psy|
s103e01pUI HAS) SI07LIPU] HIH

pue 9z1u300a1 ‘sassoooid pue
suonmnsul unyew UOISTOAP
[qO[3 pue ‘[eUOI3aI ‘[RUOIRU U]
(9°L1) seare ureyunowr ur sHAS
AU} 9ASIYOE 0} UOnEAOUUI pUB
A3o[ouyo9) ‘9ouaIds 0} $SAIE
pue uoneradood [euonewIAIUL
pue [euoI3a1 9OUBYUH

(L1T°L1) s1goudq [emnur pue

J[qeure)sns I0J UOI3I HH oWy
SSOIOB S[AA9] [[& J& 9je1adoo)) «

(L'8) Sunpoyjen uewny pue
Inoqe| p[IYyo PadIoy dJedIpery
(8'g) uowkofdwa snorresard ur
asoy) pue uswom Je[nonred ur
‘seale UIRIUNOW WIOTJ SIONIOM
jueiSiur SuIpnjour ‘SIoNIom

[Te 10} SUSWUOIIAUD SUrIom
QINd3s pue dfes ajoword

pue sjy3u Inoqe| 199)01d

(6'g) onfea

[enba jo yiom J0J Aed [enbo
puE ‘SUTEJUNOW Y} UI USW

pUE USWIOM [[€ 10} YIOM JUIIP
pue juswkordwo aanonpoid
pUE [[N] 0} SSOOB JAJIYDY »
(6'8) syonpoid

pue a1mynd [eo0] sjowoid ‘sqofl
[890] S9YBAID YOIyM ‘WISLINO}
urejunour d[qeureisns oword
03 sororjod ogroads ureyunow
juowddwir pue as1Adq

(1s)

yImoIS J@o [enuue g,/ Ise9|
Je pue SUIEunow oy} ur yimoIs
orwouos? eydes 1od ureysng
(1'6) Sureg-[jom

uewny pue juowdooAdp
o1rwouos? yoddns 03 surejunowr
QU UI QIMONISEIJUT JUII[ISAT
pue o[qeureisns dofead(

(z°¢1) Suruuerd
pue sa13ojens ‘sororjod [euoneu

(sosaypuared
ur s3e81e} DS parerer) s1edme],

Suoneu pue suolgal urejunow
udamIaq pue Juouwre uoneradood
[euoI3a1 paseaIour y3noIy)
SOS 2y} SurAdIyoe 10J epuade
oy1oads-ureyunow e 9jowold

K)1ATIOQUUO0D

pUB 2IMONNSEIJUT UrRJuNour

ur juounsaAul pue Ayrunoddo
oTwou0o3 Aq paromoduro
SONIUNUWIIOD UIB)UNOW dAISN[OUT
pue 9[qeymnba “quarpisar pring

uoI3ar HH
o 10y senuond JualsIsuod HAS

(ponunuod) gL ajqey



E. Sharma et al.

14

DS JUBAS[AI JSOUT YIIM U]

19)deyo Surpuodsoriod
JuswIsSsasse JVINIH

(T'8'8)

smje)s JueI3iu pue xas £q
‘UONE[SI3I[ [BUOIBU PUB $3JINOS
remx9) (O uonezrue3iQ
Inoqe] [euoneuIu]

uo paseq (Sururedreq
9AI}II[[0J PUB UONEBIOOSSE

Jo wopaaly) sYSLL Inoqe] Yim
Qouerdwod [eUOneU JO [9A]
(I°8T°LT) sonsnei§ [e1y0

Jo sordioung [eyuswepung

Y YIIM 90UBPIOIOE

ur ‘3081e) 9U) 0] JUBAQ[AI UYM
uoneSa133esIp [Ny YPIM ‘Spa4p
ugunowt I Yyl o1 difidads
[9A3] [euoneu 3y) Je pasnpoid
s10jed1pul juowdooaap
dIqeurelsns Jo uoniodoid «
(1°L°LT) se13o[ouyo9) punos
A[[eIUSWUOIIAUD JO UOISNYIP
pUE UOTBUTWASSIP ‘IOJSueI)
quowrdo[oaap a3 ajowoxd

0) sernunod 3urdofeasap

ul spaup uIpjunow 1o uipuny
paaoidde jo junowre [e10],
(Iz’L1) (IND) swodul [euoneu
SS0I3 ,SIOUOp 9NIUIWOD)
douesissy Juawdoaaag
(@oaO) wewdofassg

pue uoneradoo)) oruouody 1oy
uonezmue3iQ oy jo uoniodoxd
€ se ‘saunod pado[oadp

JSE9[ 0) pue [e10} ‘HYH 2y}

Ul SD2AD UIDIUNOUL 0] JDURISISSE
Juowdo[oAap [e1oyjo 1N
(TrsrLn

HYH Y1 Jo uoyiusodas

(sosoypuoared ur psy|
s10JROIPUT D(TS) $107e1PU] HNH

(£°91) 9ouBUIAOS POOT
pue Mme[ JO [Nl 9ANIPR Jopun
syuer3rur Jo uonodjold renby
81°LD
Auqiqesip pue smeys K1oyei3u
‘Kymoruy)e ‘aoer ‘ofe ‘Iopuol
‘Quoour Aq paje3ai33esip
‘suor3ar urejunowr o) dyroads
SI Jeyp) BIRp 9[qRIl ‘A[own
‘Anrenb y3iy jo Aiqereae
AUy Apueoyrugis Isearour
0} seLunod M 03 Moddns
Surpping-Ayoedes ooueyuy «
(T'LT Pue BGT) Swa)sAsod9
urejuUNoOW WoJj syauaq
JO UONBAIOSUOD 10J SOATIUOUL
AJUQpI puB SIOINOSAI
10J8a13 APUBOYIUTIS JRIO[[Y o
(ST°LT) Sunyew-uoisoap
ur uonejudsardar aInsug

-oidoad sy pue surejunow HH

Y jo sseuonbrun oy aznuond

(sosaypuared
ur s3e81e} DS parerer) s1edme],

uoI3ar HH
o 10y senuond JualsIsuod HAS

(ponunuod) gL ajqey



1 Introduction to the Hindu Kush Himalaya Assessment
1.8 Assessment Process

The International Centre for Integrated Mountain Develop-
ment (ICIMOD) coordinated HIMAP, constituted the chap-
ter author teams and the process was steered by policy
decisions of the Steering Committee. The assessment pro-
cess involved several rounds of Steering Committee meet-
ings, workshops of Coordinating Lead Authors and Lead
Authors including write-shops and peer inter-chapter
reviews, subject expert reviews, and open reviews for any-
one interested. Science-policy dialogues were organized to
develop key policy messages. For this assessment, HIMAP
has engaged more than 300 researchers, practitioners,
experts, and policy-makers. The publication of the first
Comprehensive Assessment of the HKH in 2018 is planned
as a wide-ranging, innovative evaluation of the current state
of knowledge in the region and of various drivers of change
and their impacts, and a set of practically oriented policy
recommendations. The process is following these steps:

e Framing of the assessment: A framing workshop and
consultations with various experts to define the structure
and process of the assessment.

e Drafting of chapters: Based on the experience of other
assessments, a network of people with in-depth knowl-
edge of the region to draft the chapters.

e Peer review: Rigorously review the chapter drafts, both
by peers and via open review.

¢ Dissemination: Using multiple channels, to communicate
to a wide range of audiences during the process to draw
attention while the assessment is still in preparation.

e Engagement with policy-makers: share with policy-
makers in the region through various processes.

e Development of a summary document: A summary for
decision-makers based on the results of the process.

e Publication and launch: Publication of the first edition of
the assessment in 2017.

1.9 Outline of the Assessment

Each chapter of the assessment address three broad themes
within its particular confines:

(1) Defining the vision and state of knowledge;
(2) Drivers of change and integrated future scenarios; and
(3) Noting ideas and praxis for sustainable development.

The critical questions were used by each of the chapters
to address the key issues of the region. The sixteen chapters
include: Introduction—setting the scene: Drivers—Iocal,
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regional, and global; Climate change in the HKH; Future
scenarios; Sustaining HKH biodiversity and ecosystem ser-
vices; Meeting future energy needs; The cryosphere; Water
security—availability, use, and governance; Food and
nutrition security; Air pollution; Disaster risk reduction and
increasing resilience; Mountain poverty, vulnerability and
livelihoods; Adaptation strategies; Gender and inclusive
development; Migration; and Governance and institutions.
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the advancement of science and technology.
Additionally, a growing network of local urban
centres may support the transmission of new

environmental, sociocultural, and economic
changes are dynamically impacting livelihoods,
environmental conditions, and ultimately sustain-
ability. Many challenges for sustainability are related to
weak governance, natural resource overexploitation,
environmental degradation, certain aspects of unregu-
lated orrapidurbanization, andloss of traditional culture.
Addressingtheseproblems willrequire policy andaction
at local, national, and international levels, including
common actionamong HKH states.

. However, for mountain societies of the HKH,
some changes may also bring novel opportuni-
ties for sustainable development. A range of
opportunities lie in improved connectivity includ-
ing transportation and communication, which
increases access to information, partnerships, and
markets. Enhanced access to social services may be
enabled and strengthened by economic growth and

prosperity to rural populations, as the development
of mountain towns and cities often can help—be-
sides their mere economic power—to enhance the
political influence of these regions within the
national states.

. The drivers of change to environmental, socio-

cultural, and economic sustainability in the
HKH are interactive, inextricably linked, and
increasingly influenced by regional and global
developments. Among the most important drivers
in this intricate network of causes and effects are
demographic changes and current governance
systems, as well as land use and land cover
change, over-exploitation of natural resources,
economic growth and differentiation, and climate
change.
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Policy Messages

1. To meet the challenges arising from environ-
mental, sociocultural, and economic changes in
the HKH, policy approaches must become more
holistic and multidimensional. While the drivers of
change continue to demand individual identification
and analysis, the complexity of their interactions also
calls for more comprehensive and integrated strategies
to be adopted—incorporating globally recognized
mountain priorities, promoting transboundary cooper-
ation, and encouraging development of mountain-
specific responses by government policy makers.

2. Governments should take strong and timely
action to strengthen the sociocultural and envi-
ronmental dimensions of sustainability, while
also fostering responsible economic growth in
the mountain regions. Such interventions should
be developed with more inclusive, participatory
approaches in natural resource management. Both
proximate and ultimate drivers of change must be
recognized and incorporated into national devel-
opment planning. This is the Mountain Agenda.

3. Regional governments should combine and
accelerate efforts to advance sustainable moun-
tain development, especially with a view to ben-
efiting from the global conservation and
development agenda, such as the Sustainable
Development Goals for 2030. New financing
mechanisms for climate change mitigation and
adaptation and for infrastructure development offer
valuable opportunities for increased investment in
mountain regions. Governments must seize these,
with the aim of creating enabling environments and
institutions that empower mountain people to share
in the regional and global achievements and benefits
of inclusive growth and sustainable development.

What are the main drivers of change affecting mountain
sustainability in the HKH? This chapter seeks answers to this
critical question. Building on the definition of sustainability
given by the United Nations’ Agenda 21, we describe envi-
ronmental, sociocultural, and economic dimensions of change
and their drivers in the HKH. Specifically, we aim to outline and
describe trends and existing and potential impacts of a varied
and sometimes complex set of drivers of mountain sustainability.

A comprehensive analysis of the major drivers leading to
changes in the HKH reveals that individual and cumulative
impacts are reflected at multiple spatial and temporal scales
(well established). For example, globalization, climate
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change, and the rapid spread of invasive alien species exist
or occur in many localities and across many scales. As a
result, in any given area or community, the interactions and
impacts of these and other drivers of change are complex,
and often are local and specific in the context of the domi-
nant ecosystem or landscape and the sociocultural and eco-
nomic environments.

The HKH is among the most discrete yet diverse regions
of the world in terms of environmental, sociocultural and
economic settings. It represents globally significant biodi-
versity hotspots and provides numerous ecosystem services
to millions of people living within as well as outside the
region (well established). The HKH region also faces
enormous pressures from both global and regional change,
and from a combination of both natural and anthropogenic
forces (well established).

In most areas of the HKH, rapid demographic and economic
growth have increased the demand for natural resources leading
in many instances to their overexploitation, significant land use
and land cover change (LULCC), habitat fragmentation, and
unsustainable socioeconomic activities (well established).
Rapid economic growth has changed levels and patterns of
consumption as well as infrastructure investment. For example,
dam construction for irrigation may make food production
more efficient and create opportunities to export food, while
those dams built for hydropower can improve livelihoods
locally with the provision of electricity as well as energy for
export, and may also transform agricultural communities
through diversification of livelihood opportunities such as
tourism. However, all large scale investments also have a
multitude of intended or unintended effects, some of which are
negative, including social and environmental consequences
(established but incomplete). Similarly, demographic shifts,
with people increasingly concentrated in town and cities, are
expected to create future challenges through environmental
impacts caused especially by a growing demand for food and
energy, yet at the same time may also lead to improved quality
of and access to social services such as education, health care
and waste management (established but incomplete).

Technological innovations have markedly affected peo-
ple’s ways of life in the HKH, especially local and indigenous
sociocultural practices, enabled through the development of a
range of opportunities in remote mountain areas (established
but incomplete). With a gradual integration into regional and
global markets, many rural societies in the region—though
not all—are now shifting from subsistence farming to more
market-based agricultural production, including cash crops.
Such changes have contributed to the conversion of croplands
to non-agricultural use, to a decline in traditional ways of life,
and also to a more intense use of natural resources—along
with rising incomes and enhanced livelihoods, albeit not
uniformly amongst all people or groups (established but
incomplete). Advances in agricultural technology and
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biotechnology may improve the yield of crops and people’s
food security, yet arguable with a bundle of uncertainties
(established but incomplete), while the increased access to
global ICT services including smartphones, open access
software and cloud computing can make mountain regions
more accessible (established but incomplete).

Several major drivers, in particular demographic changes,
governance systems and institutions, and climate change, are
likely to have the most harmful or challenging impacts on
sustainable development in the HKH (established but
incomplete). As HKH countries work to adapt their practices
and mitigate these impacts, all their efforts must involve close
collaboration among countries. Weak governance and
uncertain or unsecure land tenure, in particular, along with
political unrest, local conflicts and migration, are also exac-
erbating environmental degradation through various activities
such as poaching, unsustainable timber harvesting, and other
forms of over-exploitation of natural resources (established
but incomplete).

All the above challenges create an urgent need for
improved coordination amongst development stakeholders
including governments for formulating evidence-based poli-
cies and legislation, for developing more effective institu-
tional arrangements, for more transparent decision making,
and for greater transboundary cooperation in regional aspects
of conservation and development across the HKH.

2.1 Pillars and Drivers of Sustainability

in HKH Mountains

Mountain systems have long been admired and protected on
the grounds of their serenity, wilderness, and landscape
beauty (Antonelli 2015; Foggin 2016; Messerli and Ives
1997; Price 2015). Although direct human influence on the
world’s mountains is relatively low, when compared to more
densely populated lowlands, nonetheless many mountain
systems are strongly affected by multiple local and global
drivers of change (Price 2015).

Decisions and actions taken by a diverse range of stake-
holders operating at many scales in the HKH impact the
overall sustainability in mountains. Drivers of change affect
sustainability through environmental, sociocultural, or eco-
nomic dimensions, either individually or in combination. In
addition, local processes may have regional and global
impacts, and vice versa. The origin and impact of key drivers
of change in the HKH—which will be introduced in this
chapter—are manifest at three main levels or scales: (1) direct
local impacts of drivers on land and natural resources and
their management, within a framework of coupled social—
ecological systems; (2) regional effects of local drivers,
mediated largely through provision of ecosystem services in
the context of highland—lowland linkages; and (3) regional
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and global influences on the HKH through tele-coupled sys-
tems, whereby decisions or actions made outside the region
have significant impacts within the HKH. In the widely
interconnected spheres of influence of each driver, multiple
pathways of impact are common, including both direct and
indirect associations with mountain sustainability.

There are also three primary dimensions or pillars of
sustainability. Ensuring that the needs of the present gener-
ation are met without compromising the ability of future
generations to meet their own needs requires that the envi-
ronment be safeguarded from degradation or loss, that
development occurs in socially and culturally appropriate
and equitable ways, and that development plans and inter-
ventions be economically viable. In mountain regions,
additional complexities are introduced because of upstream—
downstream linkages (e.g., flow of ecosystem services) and
the multi-scalar nature of many of the key drivers and/or
their impacts (cf. tele-coupled systems) (see Box 2.1).

Box 2.1 What is mountain sustainability?
Sustainability has environmental, sociocultural, and eco-
nomic dimensions. Healthy ecosystems and environments
are necessary for the survival of humans and other
organisms, and thus constitute the basis of sustainable
development. Yet without sociocultural equity or viable
economic plans and initiatives, few development inter-
ventions will succeed. The three dimensions or pillars of
sustainability are interdependent and mutually reinforc-
ing, and—in the long run—none can exist without the
others (Morelli 2011). Moving towards sustainability is a
societal challenge that involves national and international
legislation, urban and regional development, transport
and other sectors, and that equally involves engagement
with local and individual ways of life, and, especially in
an increasingly urban world, positive choices to promote
more ethical consumerism.

In mountain regions such as the HKH, linkages are
critical between upstream and downstream ecosys-
tems, people, and production systems, as well as
between centres of decision making and remoter
mountain communities. Achieving sustainability in the
HKH will require not only that drivers of change and
their pathways of impact be clearly identified and
addressed, but also that regional and transboundary
coordination and collaboration are endorsed, pro-
moted, and strengthened across all relevant sectors.

Because human-related drivers affect mountain sustain-
ability at different spatial and temporal scales, both the
assessment and management of these drivers are complex
matters. Changes in one driver generally result in interactive
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Economic drivers  Government policies, including governance,
based in part market integration, transport/access

on adopted Programmes/projects, including funds
development and ideas from outside
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‘schools of Financial investments to regions
thought) in Urbanization, new centres for trade
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g wellbein,
consequent including income, health, education g
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Governance (formal and informal) and
NRM practices (traditional and modern)
adoped or promoted

Technologies, opportunities,
applications in development

Note: LULC - land use land cover; NRM — natural resource management; HDI — human development index

SUSTAINABLE
MOUNTAINS

DRIVERS OF CHANGE IN MOUNTAIN SYSTEMS

Environmental drivers
recognizing that
mountain regions

are integrated

Land use choices, at both
policy and practice levels

Use/exploitation of resources,
including impacts of pollution

~orcoupled  (hgth ocal and distant sources)
social-ecological
systems  Invasive alien species

Conservation actions, including
values, policies, activities

Mountain Characteristics (drivers of change)

Biosphere (biodiversity, land cover,
i ecosystem services)

Geosphere (geology, surface processes,
i natural hazards)

Human systems (traditional and current LULC)

Atmospheric and hydrological systems
i (climate change)

Fig. 2.1 Model of three pillars of mountain sustainability and network of interactive drivers of change (Source developed by Marc Foggin for this
chapter). Note LULC: Land use and land cover; NRM: Natural resource management; HDI: Human development index

or feedback effects on other drivers. That is, for any given
change, the effects are always multiple and often interactive;
there is no simple one-to-one causal link between one driver
of change and a single aspect of mountain social-ecological
systems.

Further, certain drivers of change are themselves the
result of complex combinations of multiple other factors.
Causality is almost always mediated by a range of interact-
ing factors, complicating attempts to establish the propor-
tionality of various contributors to change. Therefore,
although the following sections address a suite of drivers of
change separately, each in turn, their combined effects
should be kept in mind along with their respective effects on
the three different dimensions of sustainability—environ-
mental, sociocultural, and economic.

Figure 2.1 provides a conceptual illustration (model) of
mountain sustainability and the key drivers of change,
broadly organized around the concept of the three pillars of
sustainability. Throughout this chapter, however, it will
become evident that the impacts of each individual driver
almost always range across all of these dimensions.

In summary, this chapter presents a high-level review and
assessment of available information about the main drivers
of change to mountain sustainability in the HKH, with a
review of their multidimensional impacts across a range of
scales and introducing their major pathways of impact.
Notably, not every element in the conceptual model shown
in Fig. 2.1 is substantiated with full studies or information
directly from the HKH—a number of gaps still exist—but

the drivers detailed in this chapter are largely overlapping
and consistent with the model.

2.2 Environmental Drivers of Change
to Mountain Sustainability

This section focuses on the multiple, interrelated effects of
land use and land cover change, levels of resource
exploitation, forms of pollution, presence of invasive alien
species, mountain hazards, and climate change, as the main
(direct) environment-related drivers of change to mountain
sustainability.

2.2.1 Land Use and Land Cover Change
Land use and land cover change (LULCC) directly impacts
the environment and leads to socioeconomic changes for
human communities. LULCC is the primary cause of soil
degradation, altering ecosystem functions and services, thus
affecting the abilities of ecosystems to support human needs
—both locally and downstream. In this way LULCC largely
determines (or mediates) both the vulnerability and the
resilience of ecosystems and human society to external
perturbations such as climate change, national and regional
policies, and other aspects of globalization.

Integrated research on LULCC across the HKH is gen-
erally lacking. Most published case studies have been carried
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Land cover type

Agriculture Grassland
Mosaic cropland/vegetation [ Urban

I Broadleaved forest B Barren
0 Needleleaved forest B Water body
Shrubland Snow/lce

Fig. 2.2 Main land cover types in the Hindu Kush Himalaya

out in the Tibetan Plateau region in China, focusing espe-
cially on the vast grasslands. Because most available case
studies analyse satellite data that are temporally and spatially
variable, regional patterns of LULCC are difficult to distin-
guish clearly (Harris 2010; Box 2.2).

Box 2.2 General trends of LULCC in the HKH
The HKH encompasses a total land area of 3.4 mil-
lion km?, more than half of which is rangeland, specif-
ically grasslands and shrubland (Fig. 2.2). Grasslands
are the dominant form and include alpine pastures and
meadows. Most of the shrubland used for grazing is
distributed above the tree line. In addition, forests
occupy approximately 14% of the region, comprising
broad-leaved forests, needle-leaved forests and planta-
tions. Around 25% of the area is classified as agricultural
land. Wetlands cover under 10% of the HKH.

The most significant LULCC in recent decades has
been caused by degradation of grasslands and defor-
estation at lower altitudes. Other significant transitions
have been the transformation of forest and grassland to
farmland, shrinkage of wetland, and LULCC related to
urban and infrastructure developments (Cui and Graf
2009; Jin et al. 2010). In some cases, however, the
recent implementation of large-scale ecological

restoration programmes in HKH countries has slowed
and sometimes even reversed the trend of degradation
(Cai et al. 2015).

HKH rangelands support high floristic richness and large
numbers of wild and domesticated animals. Forests provide
important altitudinal connectivity for species between low-
land and mountain habitats. The croplands have a diversity
of mostly mixed farming systems, containing a rich genetic
diversity of cultivated plants and livestock breeds (ICIMOD
2009). Wetlands also provide habitats for several globally
significant migratory birds (Gujja et al. 2003; Sharma et al.
2010). However, when LULCC occurs, the quality and
quantity of these habitats are impacted, affecting a wide
range of organisms.

Extensive research has shown that degradation of grass-
land has spread over the past few decades across the whole
high-altitude areas of the HKH (Wu et al. 2013). In the
Tibetan Plateau of China, high-altitude grassland is sensitive
to disturbance, especially in its drier part, where the removal
of turf is irreversible. In the north-east portion of the Tibetan
Plateau, many alpine meadows have been seriously degraded
since the 1960s (Wang et al. 2008). By some measures,
‘degraded grassland’ constituted approximately 92% of the
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total area of usable grassland in 2004, of which severely and
moderately degraded grassland accounted for 38% and 54 %,
respectively (Wang et al. 2008). Additionally, the areas of
alpine meadow and swamp meadow decreased by around
4% and 25%, respectively, in the 1970s and 1980s; they
decreased by almost another 25% and 35%, respectively, in
the 1990s (Zhou et al. 2008).

Wetlands and lakes constitute around 5% of the total area
of the Tibetan Plateau, but this area decreased by about 5%
between 1990 and 2000, due primarily (84%) to wetland
shrinkage (Li and Xue 2010). In contrast, lake expansion
was also found in some high-altitude belts (Liu et al. 2009,
2010) such as the source areas, or headwaters, of the
Yangtze River, Yellow River, and Mekong River in the
central Tibetan Plateau; this is attributed to glacier melting
caused by global warming (unpublished data).

In addition, warm—temperate coniferous forest has nearly
disappeared from the south-east Tibetan Plateau, mostly due
to commercial logging before the end of the 1990s (Cui and
Graf 2009). In the high mountainous areas of Pakistan, the
forested area decreased by 30% from 1968 to 2007,
one-third being caused by agricultural expansion (Qasim
et al. 2013). In the same region, agricultural lands in
mid-elevation zones expanded by 70% and forests decreased
by 50%. At lower altitudes agricultural lands more than
doubled—expanding by 130% and causing a decrease of
over 30% in the forested area between 1968 and 2007, when
annual deforestation rates were 0.80%, 1.28%, and 1.86% at
high, mid- and low altitudes, respectively (Qasim et al.
2013). An annual loss of 0.2% in forested area has been
reported for the Indian mountains (Reddy et al. 2013) and of
0.3% for Myanmar (Leimgruber et al. 2005). However,
forest cover in Bhutan is increasing at an annual rate of
0.22% (Gilani et al. 2015).

Changes in LULCC in HKH, as elsewhere, are caused by a
combination of natural drivers such as climate change and
human activity such as land conversion. Recent warming
trends on the Tibetan Plateau, for example, directly influence
the extent of permafrost cover and the degree of snow melting.
Human activities also have intensified rapidly on the plateau
over the last half century, with significant impact on land use.
Desertification on the northern Tibetan Plateau is attributed
almost equally to climatic changes and human activities, with
climatic factors taking a slight lead (Yang et al. 2004).
However, the magnitude and the extent of land cover changes
under future global warming scenarios are difficult to assess
because of deficits in current global climate models in this
topographically complex area (Cui and Graf 2009).

Studies using Landsat images show that climatic change,
human activities, animal and insect damage, and government
policies all influence LULCC. During one 16-year study
period (1994-2010) LULCC was shown mainly to occur
slowly, and was linked to both natural and anthropogenic
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pressures (Song et al. 2009). Although political tools such as
key national projects to improve ecological conditions could
help with revegetation and slow desertification, the harsh
natural conditions and fragility of this high-altitude region
make it extremely difficult for degraded land to be rehabil-
itated (Song et al. 2009).

Policy decisions also influence LULCC in the HKH, as
elsewhere. The de facto privatized use of wetlands by indi-
viduals or groups of households on the basis of long-term
leases or selling, for example, has negatively impacted many
aspects of hydrologic function, landscape conditions, and
biodiversity in wetlands in the eastern HKH (Narain and
Singh 2017; Yan and Wu 2005). The uneven spatial distri-
bution of water resources on private lands, in particular, has
led to the practice of actively extracting groundwater, which
has lowered the water table. Fencing rangelands to limit
grazing on expanding sand dunes also has affected some
landscapes negatively, as consequent year-round use of other
pastures that previously were grazed only in summer has in
effect shrunk the overall activity space of some wildlife
species (Yan and Wu 2005).

Market-driven changes in crop and livestock production
strategies equally affect land use in HKH. Over the past 10—
15 years, five HKH countries (Bhutan, China, India, Nepal,
and Pakistan) have seen increasing trends in crop diversifi-
cation, generally moving towards horticultural and cash
crops. Forest transition due to plantations, agricultural
intensification, and infrastructure development have led to
many large-scale LULCC in mountains (Xu et al. 2009;
Sharma et al. 2010). These trends have positive implications
for the future development of mountain agriculture in terms
of harnessing mountain niche products with their compara-
tive advantages (Tulachan 2001).

In the livestock sector, there is a general decline in the
cattle population across the HKH which could, for example,
permit greater development of smallholder dairies with
improved buffaloes in the Himalayan subtropics, and con-
sequently contribute to enhanced food security and nutrition
in mountain households (Tulachan 2001). In Afghanistan,
the nature of the topography and arid climate means that vast
areas are subject to soil erosion (Saba 2001). Loss of veg-
etation and soil humus creates ever drier conditions. Land
abandonment, poor reclamation schemes, overgrazing, and
the removal or destruction of vegetation as fuel have all
contributed to widespread desertification (Saba 2001), which
further impacts negatively on the pastoral production and
livelihoods of local people in arid and semi-arid areas.

2.2.2 Over-Exploitation of Natural Resources

Exploitation of natural resources is one of the major envi-
ronmental problems and drivers of change in mountains.
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Over-exploitation includes the destruction of forest and
shrublands for fuelwood and for commercial timber collec-
tion, overharvesting of non-timber forest products (NTFPs)
such as medicinal plants, overgrazing, overfishing, and
unsustainable and/or illegal mining (Dhanai et al. 2015;
Shrestha and Bawa 2015; Shrestha and Dhillion 2003; Uniyal
et al. 2002).

Generally, demands for natural resources increase in tan-
dem with local and regional socioeconomic development.
Demand pressures are further exacerbated by population
growth. Together, these two factors are the main (ultimate)
driving forces leading to over-exploitation in HKH (Poudel
and Shaw 2015; Tsering et al. 2010). In the medium to long
term, resource over-exploitation always results in the degra-
dation of ecosystems, often followed by loss of genetic
diversity and the extinction of species (Kaur et al. 2012).
A decline in the provision of ecosystem services, including
the loss of biodiversity, ultimately has disastrous effects on
human wellbeing.

Extraction of Non-timber Forest Products
(NTFPs)

NTFPs contribute significantly to people’s livelihoods in the
HKH, especially in forest-dependent communities, by
strengthening or increasing local food security, incomes,
health, and sustainable human development. There is ample
evidence of the importance of NTFPs for rural livelihood
improvement from across the region (Johnson et al. 2013;
Mukul et al. 2010; Negi et al. 2011; Uprety et al. 2010;
Yadav and Dugaya 2013). The collection of NTFPs has
increased in HKH to meet growing demands in national and
international markets, where they constitute increasingly
important ingredients in herbal cosmetics, herbal tea, food,
and medicines (Banjade and Paudel 2008). For example,
unsustainable and illegal harvesting of NTFPs has been
reported as one of the major issues in the Kanchenjunga
landscape, with challenges arising in sustainable conserva-
tion and management of NTFPs (Uprety et al. 2016). In the
central and eastern Himalaya, unsustainable collection and
trade in yarsagumba (or caterpillar fungus, Cordyceps
sinensis)—the world’s most expensive biological resource—
is regarded as a major driver of its population decline
(Gruschke 2011; Shrestha and Bawa 2013).

2.2.2.1

2.2.2.2 Unsustainable Grazing

Overgrazing by domestic livestock is one of the main causes
of degradation of plant and soil resources. By most esti-
mates, the majority of rangelands in the HKH are regularly
grazed beyond their carrying capacity (Dong et al. 2007;
2009; Harris 2010; Ho 2001). Overgrazing not only alters
the vegetation composition, but also has other impacts such
as soil erosion and degradation, declines in soil nutrient
content and carbon storage, and altered stream flow regimes

Y. Wang et al.

(Aryal et al. 2015; Dong et al. 2010; Sharma et al. 2014,
Wen et al. 2013). Livestock grazing in HKH rangelands may
be unsustainable (sometimes with irreversible damage to
land and plant resources) not only because of total numbers
of livestock, but also due to seasonality of grazing patterns,
short- and long-term grazing intensities, and the composition
of livestock herds (Ho 2001; Li et al. 2014).

2.2.2.3 lllegal Hunting

Illegal hunting (poaching) and trade in wildlife or wildlife
parts also are major direct threats to biodiversity, and are
particularly acute in the region’s protected areas (Katuwal
et al. 2015; Khan et al. 2016). The threat of illegal hunting is
most severe for vertebrates such as rhinoceros, tiger, musk
deer, pangolin, and red panda—driven especially by the
demand for wildlife parts and products on the international
market (Kumar et al. 2016). Traditional medicine plays an
important role in health care in countries such as China,
Nepal, and India, and while numerous measures have been
adopted to reduce the use of wild species in traditional med-
icine there is still a growing market demand (Liu et al. 2016).
Wildlife poaching, combined with retaliatory killing by local
community members following livestock depredation, have
the potential to drive species towards local extinction (Simms
2011). In the case of snow leopard alone, Li and Lu (2014)
identified a total of 43 instances of traded snow leopard parts
across China’s borders between 2000 and 2013, primarily
pelts and some bones, involving 98 snow leopard individuals.

2.2.24 Tourism

The HKH has tremendous potential for mountain tourism,
which can provide alternative, environmentally friendly
employment opportunities for local communities and con-
tribute positively to their socioeconomic wellbeing. In most
of the region, however, tourism development is poorly
planned, often even unplanned, and the development of
infrastructure such as recreational facilities, guest houses,
camping sites, and restaurants often have significant nega-
tive impacts on the mountain environment (Dorji 2001;
Nepal 2005, 2011). Tourism also contributes to ecosystem
degradation through unregulated disposal of solid waste,
trampling of soil and vegetation, and locally intensified
resource extraction. The infrastructure deemed necessary to
sustain tourism also can negatively affect local aesthetic and
cultural assets, reducing their value and future tourism
income potential (Reinfeld 2003; Zomer and Oli 2011). One
survey about the impacts of adventure tourism in Hinku
Valley in Makalu-Barun National Park, Nepal, showed vis-
itor numbers, lodges, and other tourist-related infrastructure
growing rapidly (e.g., from 1 lodge in 1995 to 129 structures
in 2007), leading to accelerated harvest of subalpine timber
for lodge construction and shrubs for fuel used in alpine
tourist lodges (Byers 2014).
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2.2.2.,5 Mining

Uncontrolled mining operations also can have detrimental
effects on fragile mountain environments, sometimes
resulting in large-scale degradation of landscapes and eco-
nomic crises of sustainability. The impacts of mining on the
natural environment and socioeconomic conditions have
been studied and documented by several researchers in the
region (Huang et al. 2009; IUCN Pakistan 2009; Riaz et al.
2015). Uncontrolled mining practices such as blasting with
dynamite have led to vegetation loss, soil erosion, and dis-
turbance to wildlife in Pakistan (Donnelly 2004; Wu et al.
2014a). Coal mining has adversely affected the composition
and structure of vegetation in the Nokrek Biosphere Reserve
in Meghalaya, India (Sarma and Barik 2011). Large-scale
mining, such as in Gyama Valley near Lhasa, China, can
impact water quality downstream (Huang et al. 2010).
Excessive riverbed mining for gravel and sand in an
unplanned, or unregulated manner throughout the Himalaya
is also a main reason for, or contributor to, irreparable
damage to HKH river ecosystems (Singh et al. 2016).

2.2.3 Pollution

In the popular imagination, the HKH is one of the areas in
the world least disturbed by human activity, especially by
pollution. Nevertheless, studies from recent decades provide
a rather different, thought-provoking perspective and the
facts are now challenging our traditional thinking (Wu et al.
2016a). As air pollution will be elaborated in Chap. 11, in
this section we only summarize the current status and trends,
and the potential effects, of water and soil pollution in the
HKH.

2.2.3.1 Water Pollution: Organic and Inorganic
Generally, water pollutants—especially inorganic pollutants
—have already reached unacceptable levels in some HKH
areas (Wu et al. 2016a). Lead (Pb) pollution in several study
sites in major river basins including the Salween, Mekong,
Yangtze, and Yarlung Tsangpo rivers has been found to be
unacceptably high, and magnesium (Mg), aluminium (Al),
and iron (Fe) are found in unsafe concentrations (Huang
et al. 2008). In Manipur and Diphu, India, concentrations of
arsenic (As) in groundwater have already exceeded the
permissible limit (Das and Kumar 2015; Devi et al. 2010).
Similarly, arsenic contamination is severe in Nawalparasi,
Nepal (Gurung et al. 2005) and downstream areas of two
major Himalayan rivers in India, the Ganges and Yamuna,
are severely contaminated by sewage water containing high
concentrations of several heavy metals (Chakarvorty et al.
2015).

Significant variation in water quality is observed in
freshwater bodies including ponds, lakes, and rivers,
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especially on south slopes of the Himalaya. This may be
attributed to the multiple sources of pollution including
domestic sewage, industrial effluents, and runoff from
activities such as agriculture and mining (Najar and Basheer
2012; Rashid et al. 2017). Accelerated eutrophication has
been observed in many lakes, including Dal Lake, Khajjiar
Lake, Nainital Lake, Anchar Lake, and Khushalsar Lake in
India (Amin et al. 2014; Najar and Basheer 2012; Najar and
Khan 2012; Rashid et al. 2017; Saini et al. 2008). In Dal
Lake, for example, a recent study revealed that it was seri-
ously polluted by chemical fertilizers and pesticides, thus
unintentionally nutrient-enriched with concentrations of
orthophosphate phosphorous and nitrate-nitrogen reaching
46 and 557 pg/L, respectively (Rashid et al. 2017). Pesticide
use is generally increasing across the region. For example,
pesticide use in India has grown by 750% since the
mid-1900s (Evans et al. 2012). Microbial and organic matter
pollution also threaten the health of water systems in the
HKH (Merz et al. 2004; Sood et al. 2008; Tong et al. 2016).
All of these forms of water pollution threaten aquatic bio-
diversity, water security, and ultimately human health, on a
very large scale through upstream—downstream linkages in
regional water systems.

2.23.2 Solid Waste and Soil Pollution

Solid waste has increased dramatically in both rural and
urban areas of the HKH (Alam et al. 2008). The rapid speed
of urbanization also means that treatment of solid waste has
become a challenge to the sustainable development of cities.
Dangi et al. (2011) reported in Nepal, for example, around
497 kg per person per day of solid waste is generated from
households in Kathmandu Metropolitan City. Although most
waste is organic (Dangi et al. 2011; Pokhrel and
Viraraghavan 2005), centralized treatment is still very lim-
ited because of inadequate capacity or efficiency of facilities.
Increasing waste volumes and growing complexity of waste
streams, which contain large volumes of hazardous sub-
stances, further impact the soils in the HKH and
downstream.

On the Tibetan Plateau, the most common heavy metals
in soils are manganese (Mn) and chromium (Cr). The natural
concentration of arsenic (As) is also very high at around
20 mg/kg (Sheng et al. 2012). Along the Qinghai-Tibet
railway, Zhang et al. (2012b) found that top-soils in many
areas were contaminated by heavy metals in relatively high
concentrations, including Cd and Zn. On the south slope of
the Himalaya, very high concentrations of Zn, Cd, and Pb
were found in the soil of farmlands near Kathmandu (Zhang
et al. 2012a). Organochlorine pesticide pollution also has
been observed in the soils of Nepal at levels ranging from 20
to 250 ng/g (Yadav et al. 2016). Above a critical level, all of
these substances are toxic to biodiversity including plants
and animals, including humans (Osman 2014).



26

2.2.3.3 Sources of Pollution

Almost all relevant studies suggest that pollution in the HKH
has become increasingly serious (Box 2.3). The sources of
pollutants can be both anthropogenic and natural, but their
relative weightings differ across regions (Wu et al. 2016a, b).
In remote areas with few or no anthropogenic activities, the
pollutants arrive mainly by long-distance atmospheric
transport from industrial regions, as well as by the weath-
ering of parent materials (Cong et al. 2010; Sheng et al.
2012; Wu et al. 2016b). Along railways or highways, the
fuel from transport vehicles are usually the most significant
contributors of pollutants (Zhang et al. 2012a, b, 2013).
Overall, in both rural and urban areas of the HKH, most
pollution is produced by human activities including the use
of pesticides and fertilizers, vehicle traffic, and increased
industrial activities (Atreya et al. 2011; Babel et al. 2011;
Chakarvorty et al. 2015; Kannel et al. 2011).

Box 2.3 Multiple potential effects of pollution

Pollution can lead to a series of adverse effects on
biodiversity, environment sustainability, and human
health. On one hand, some pollutants are shown or
predicted to have harmful effects on global biogeo-
chemical cycles, as well as on plant and microbial
communities. For example, mercury (Hg) on the Tibe-
tan Plateau may play a critical role in biogeochemical
cycles (Loewen et al. 2007). In addition, pollutants will
affect different vegetation to varying degrees (Bing
et al. 2016), including fragile timberline (Luo et al.
2013; Tang et al. 2015), potentially introducing severe
threat to ecological resilience. Furthermore, presence of
heavy metals such as copper (Cu), zinc (Zn), lead
(Pb) and cadmium (Cd) may lead to the decline of
culturable bacteria, actinomyces, ammonifying bacte-
ria, nitrobacteria and cellulolytic bacteria in nature, and
thus significantly affect microbial activities (Zhou et al.
2013). On the other hand, pollutants can lead directly to
serious human health problems. Heavy metals are
usually characterized according to their levels of toxi-
city, persistence, and bioaccumulation, and are widely
recognized as posing severe threats for human health
and social sustainability (Cheng 2007; Luo et al. 2015;
Nabulo et al. 2010; Wu et al. 2016b). For example,
arsenic (As) is a toxic semi-metallic element that can be
fatal to humans. The ingestion of inorganic As can
result in both cancerous and non-cancerous disorders
and can harm the human nervous, dermal, cardiovas-
cular, gastrointestinal, and respiratory systems. Simi-
larly, microbiological contaminations, especially by
pathogenic microorganisms, can pose risk to human
health (Karkey et al. 2016). Moreover, water pollution
may increase the load of waterborne diseases as well as
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contribute to pollution-induced water shortages, which
worsen the water situations in the HKH (Karkey et al.
2016; Schwarzenbach et al. 2010; Zhang et al. 2015a).
Restricted access to safe water and improved sanitation,
for example, may cause between 15 and 30% of gas-
trointestinal diseases, and lead to approximately 1.7
million deaths a year globally [3.1% of all deaths and
3.7% of all Disability-Adjusted Life Years (DALYSs)]
(Ashbolt 2004; World Health Organization 2009).
Additionally, a health risk assessment of organochlo-
rine pesticides in the soils of Nepal suggested that
exposure through ingestion of soil constitutes one of the
most likely pathways leading to increased cancer risk
across the country (Amin et al. 2014). Thus, pollution
threatens both ecosystem stability and human health.

2.2.4 Invasive Alien Species (IAS)

Biological invasion may result not only in the loss of native
species but also in an alteration of the extent or quality of
ecosystem services and processes (Hulme et al. 2013; Sakai
et al. 2001), which in turn may have drastic negative eco-
nomic consequences (Pimentel et al. 2001). Direct costs of
such invasions include losses due to reduced productivity in
agroecosystems, whereas indirect costs are accrued in
combating invasive species. Many IAS found in the HKH
are included within a list of the world’s 100 most harmful or
damaging IAS (Lowe et al. 2000), such as Eichhornia
crassipes, Lantana camara, Chomolaena odorata, and
Mikania micrantha. Many other IAS also pose serious
environmental problems and challenges to regional efforts to
conserve the environment and to meet sustainable develop-
ment targets.

2.2.4.1 Status of IAS Studies in HKH

There are few studies of IAS in the HKH. Most studies focus
on basic inventories and ecological studies of invasive alien
plant species (Akter and Zuberi 2009; Khuroo et al. 2007,
Kosaka et al. 2010; Qureshi et al. 2014; Tiwari et al. 2005;
Weber et al. 2008). Only several studies have focused on
invasive alien fauna species (Budha 2015; Sujoy et al. 2010;
Wan and Yang 2016).

In Nepal, inventory and assessment work carried out by
IUCN Nepal has identified 166 naturalized plant species, of
which 25 are recognized as invasive (Shrestha 2016; Tiwari
et al. 2005). Recent inventory work carried out in the
‘Kailash Sacred Landscape’ in western Nepal has specifi-
cally noted 15 plant IAS (Bisht et al. 2016; Shrestha et al.
2018). In terms of fauna IAS, 64 species have been reported
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in Nepal, including 7 mammals, 6 birds, 19 fish, 22
arthropods, 9 molluscs, and one platyhelminth flatworm
(Budha 2015).

In Pakistan, Qureshi et al. (2014) have listed 73 species of
IAS including many that also are widespread and invasive in
other parts of the world, such as Broussonetia papyrifera,
Prosopis juliflora, Parthenium hysterophorus, and L. ca-
mara. All were reported as high-impact invasive land plants.
Bhattarai et al. (2014) also reported that the diversity (spe-
cies richness) of naturalized plant species increased with
elevation up to 1100 m asl, and then decreased with further
gains in altitude.

Elsewhere, Sekar (2012) identified 190 IAS in 47 families
and 112 genera distributed across the Indian Himalaya.
A recent survey by Xu et al. (2012) identified 488 IAS in
China, with the highest number reported from Yunnan
Province, but the exact number of IAS distributed in the
Chinese Himalaya could not be confirmed. There is limited
information about IAS in Afghanistan, Bhutan, and
Myanmar.

2.2.4.2 Pathways of Introduction

A basic understanding of the major dimensions of intro-
duction pathways of alien plants is important for regulating
their invasions (Pysek et al. 2011). Some studies have pro-
vided evidence that recent infrastructure developments,
particularly the construction of roads, has greatly facilitated
invasions and provided both habitat and potential dispersal
corridors for exotic plant species in mountainous regions of
China, India, and Nepal (Bhattarai et al. 2014; Chen et al.
2012; Kosaka et al. 2010; Xu et al. 2012). Similarly, natural
and anthropogenic disturbances (such as recreational hiking)
might act together to facilitate both the introduction and
spread of exotic species, putting the ecosystems of the region
at higher risk of invasion and consequent damage or loss
(Dar et al. 2015; Dobhal et al. 2011).

Another major dispersal pathway for many IAS in the
HKH is international trade and human movement (Tiwari
et al. 2005; Xu et al. 2012). Agricultural inputs, particularly
seed stocks originating outside the community, are another
source of invasion (Kunwar 2003). Lack of adequate
mechanisms to search for IAS and a poor quarantine system
render the region vulnerable to the threat of IAS.

2.2.4.3 Major Effects at Ecosystem Level

Among few studies of IAS in the HKH, most focus primarily
on IAS status (Barua et al. 2001; Khuroo et al. 2012; Reshi
and Khuroo 2012) and distribution patterns (Bhattarai et al.
2014; Khuroo et al. 2010, 2011; Sang et al. 2010; Shabbir
and Bajwa 2006). The overall impact of IAS in the HKH has
not been properly studied; however, some adverse environ-
mental impacts have been noted, such as the alteration in
habitat and species composition that have been experienced
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through the aggressively invasive character of some species
within some of the region’s ecosystems (Dobhal et al. 2011;
Dogra et al. 2009; Kunwar and Acharya 2013; Reshi et al.
2008). Moreover, the abundance of some IAS species has
led to ecological displacement of native species and caused
negative impacts on local livelihoods (Rai and Rai 2013; Rai
and Scarborough 2015). P. hysterophorus, sometimes
known as carrot grass, is perhaps the most troublesome and
noxious weed in forest, pasture, wasteland and cultivated
areas resulting in health-related issues in both humans and
livestock (Kohli et al. 2006; Rashid et al. 2014).

Invasive shrubs and vines also pose a major threat to
forest ecosystems, having a negative impact on their
regeneration, structure, ecosystem functions, recreation
opportunities, and wildlife habitat. Increased abundance of
the unpalatable L. camara, for example, has suppressed
regeneration of a number of native species, with detrimental
demographic consequences for several important NTFP
species in India and Pakistan (Dogra et al. 2009; Dobhal
et al. 2010, 2011; Kannan et al. 2013; Kohli et al. 2006;
Rashid et al. 2014). In Chitwan National Park, Nepal,
M. micrantha has invaded vital habitat for the world’s lar-
gest population of the great one-horned rhinoceros,
destroying preferred wildlife habitat as well as jungle hiking
trails.

In farming systems, M. micrantha also has suppressed the
growth and yield of a variety of food and cash crops (Shen
et al. 2013, 2015). The invasive plant Ageratum conyzoides
equally invades agricultural fields (where it interferes with
and causes yield reductions in major staple crops) and
rangelands (where it outcompetes native grasses, causing
scarcity of fodder) (Kohli et al. 2006).

In aquatic ecosystems, the rapid increase and spread of
invasive plants also is a common phenomenon, creating
great ecological and economic problems in the region (Akter
and Zuberi 2009; Masoodi and Khan 2012; Wang et al.
2016; Xu et al. 2006). For example, E. crassipes blocks
waterways, threatening biodiversity in Ramsar sites and
damaging people’s livelihoods in many other lake systems
by hindering boat traffic and restricting fishing opportunities,
with consequent economic losses (Burlakoti and Karma-
charya 2004; Ding et al. 2008; Wang et al. 2016). Eco-
nomically valuable native freshwater fish in India, Nepal,
and Pakistan also are under threat from invasive alien fish
species such as tilapia (Husen 2014; Khan et al. 2011).

2.2.5 Mountain Hazards
2.2.,5.1 Types of Mountain Hazards: Earthquakes,
Landslides, and Erosion

Mountain regions are high-risk areas, where hazards can
cause damage, destruction, injury, and death at any time.
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Compared with many other mountain areas of the world, in
the HKH hazards are likely to be more severe as the region
consists of young mountains that are still growing, making it
inherently more vulnerable to earthquakes, landslides, and
erosion. Every year there are on average 76 hazard events in
the HKH, with the highest number noted in China (25) and
India (18) (Nibanupudi and Rawat 2012).

As the HKH is located in tectonically active zones, its
susceptibility to earthquakes is higher than in lowland areas.
The 1934 Nepal-Bihar earthquake in Nepal (M, = 8.0), the
2005 Kashmir earthquake in Pakistan (M,, = 7.6), the 2008
Wenchuan earthquake in China (M, = 7.9), and the 2015
Gorkha earthquake in Nepal (M, = 7.8) all led to huge
losses of life and property, and also triggered vegetation
degradation, landslides, rockfalls, and soil erosion (Lu et al.
2012; Ministry of Science, Technology and Environment,
Government of Nepal 2015). There is growing scientific
consensus globally that a disproportionally high number of
natural disasters occur in mountain areas, and that these
regions have become increasingly prone to disasters in
recent decades (Guha-Sapir et al. 2016; Pathak et al. 2010).
In addition, following earthquakes, a variety of mountain
hazards including landslide, debris flow, and dam burst
floods are more likely to occur over the ensuing one or two
decades (Cui et al. 2008).

2.2,5.2 Effects of Mountain Hazards: Casualties,
Financial Loss, Farmland Loss, Damaged
Roads
Mountain hazards can cause many human casualties and
incur huge economic losses for a region, often constraining
economic development for many years following events
(Zhang et al. 2016). In Nepal, it is estimated that landslides,
floods, and avalanches destroy important infrastructure at an
annual cost of around USD 9 million, and causing about 300
deaths per year (DWIDP 2005). In Afghanistan, 362 people
were killed or reported missing, 192 injured, and 100,000
displaced as a consequence of flash floods in 2005 (Xue et al.
2009). The annual economic losses caused by landslide
hazards in the Himalayan area is estimated at more than
USD 1 billion, which is about 30% of the total economic
losses caused by landslides worldwide (Li 1990).

The constraints of mountain topography mean that most
residential regions are located in valleys where flatter and
more accessible lands are found. These areas are at high risk
of landslides, debris flows, and flooding. Similarly, arable
land is very limited in mountainous regions because of
constraints of terrain; most farmland is reclaimed land on
terraced slopes or along rivers and on alluvial fans. Although
necessary for most farming, irrigation also increases soil
moisture and changes the stability of slopes, thus leading to
increased risk of sliding or collapse of terraced slopes, or of
being buried at the foot of slopes.
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Road construction in general is a large and complicated
endeavour, which must always consider and respond to
different geomorphologic and geologic conditions. Con-
struction projects are often at risk from different kinds of
geohazards. Road construction introduces high fills,
high-cutting slopes, and waste, which disturb the geologic
environment along the road and compromise the stability of
hill slopes. Even when landslides occur only at one or a few
points along the road, they can destroy or block entire sec-
tions of road and affect much larger transportation networks
and connections. For instance, the Sun Koshi landslide,
which occurred in Nepal on 2 August 2014, destroyed the
Araniko Highway for only a short distance (2 km). As a
result, however, the entire highway—a major trade link
between China and Nepal with trade exchange of nearly
NPR 38 million (nearly USD 370,000) per day—was
blocked for almost 2 months (Zhang et al. 2017).

Various other forms of damage from natural hazards occur
as well. For example, tourism is affected by mountain hazards
in several ways. Both the natural and cultural landscapes may
be damaged or destroyed, including ancient architectural
monuments, which may be difficult to recover or rebuild.
Mountain hazards can also damage the infrastructure in
scenic areas (including transport routes, communication
lines, and accommodation); thus the numbers of tourists that
can visit an area may be reduced dramatically as a result. The
2015 Gorkha Earthquake in Nepal caused damages and los-
ses to tourism in the amount of NPR 81,242 million (nearly
USD 790 million). It is estimated that the number of tourists
decreased by 40% in the first year following the earthquake,
though is likely to have recovered back to 80% of
pre-earthquake numbers in the second year after the earth-
quake. The overall loss of direct tourism revenue was esti-
mated to be over NPR 47 billion (nearly USD 456 million)
from the time of the earthquake to March 2016. A broader
accounting of losses in tourism income, including air trans-
port, trekking, tour operations, restaurants, and the costs of
debris removal, has estimated tourism-related losses to have
amounted to NPR 62.4 billion (nearly USD 606 million)
(SafeNEPAL 2016). Similarly, it is estimated that the Jiuz-
haigou earthquake in August 2017 in Sichuan, China, which
resulted in the temporary closure of Jiuzhaigou National
Park, led to the loss of direct tourism revenue in the millions
of USD and damage of natural scenic landscapes including
forests, lakes and waterfalls (China News Service 2017).
2.2.5.3 Impact of Mountain Hazards Amplified
by Climate Change
The frequency and magnitude of mountain hazards will
increase under the impact of climate change; and in com-
bination with growth in the population and economy, the
risk of mountain hazards will increase dramatically (Cui
et al. 2014). For the HKH, climate change is very likely to
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strongly impact the hydrological cycle, which is predicted to
alter rainfall patterns and intensity, as well as the frequency
of extreme precipitation events. Extreme rainfall is generally
believed to trigger mountain hazards. For example, changing
monsoon patterns in South Asia, including increased
severity and frequency of storms as projected by climate
models, may not only directly threaten agricultural produc-
tion and the livelihoods of millions of people, but could also
destroy critical infrastructure by way of mountain hazards
induced by storms (Moors and Stoffel 2013). Increased
water flows accelerate river erosion by destabilizing valley
slopes, with dramatic effects where slopes are saturated with
water after prolonged intense rains, and sediment is then
deposited elsewhere. In addition to causing sediment transfer
and deposition elsewhere, riverbank erosion changes stream
channel morphology and can easily lead to cascading haz-
ards in mountain areas and beyond (Cui et al. 2014).

For its part, global warming reduces snow cover, melts
glaciers, and degrades permafrost. Related biophysical sys-
tems are thus being affected through enlargement and
increased number of glacial lakes, increasing ground insta-
bility in permafrost regions, and rock avalanches (Pathak
et al. 2010). Glacial lake outburst floods (GLOFs) result in
numerous casualties and property damage in the HKH. An
investigation in 1999 and 2005 by ICIMOD and its partners
showed that there were 8790 glacial lakes covering a total of
801.83 km? in the HKH, of which 203 lakes were potentially
dangerous and could pose a GLOF threat in the future (Ives
et al. 2010). As vegetation development is a slow process at
such high altitudes, these sites may remain unprotected
against erosion for decades or even centuries (Fusun et al.
2013). Landslides and debris flows thus pose long-term
threats to settlement and infrastructure in many places.

2.2.6 Climate Change and Variability

As a key driver of changes in mountain sustainability today,
climate change is interacting in complicated ways with many
other important drivers—globalization, population growth,
urban expansion, and local land use change—all of which can
have significant ramifications (see Chap. 3 for full details).
Climate change has environmental and social impacts that are
likely to increase uncertainty in water supplies and agricul-
tural production for human populations across the HKH.
Changes in temperature and precipitation could have serious
implications for biodiversity and the goods and services
derived from ecosystems (Chettri and Sharma 2016). Climate
warming is leading to visible effects in the HKH, with indi-
cations of changes in phenology, and with reduced agriculture
production in some of the major crops in some parts of the
HKH (Hart et al. 2014; Webb and Stokes 2012).
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2.2.6.1 Environmental Effects

Our discussion of primary impacts and hazards associated
with climate change in the HKH—changes in hydrology,
permafrost, and mountain environments—will summarize
studies embodying a wider range of climate scenarios and
projection. Observed climate changes in the HKH (espe-
cially higher regional temperatures) have already affected
biological and ecological systems directly and indirectly,
coupling with other anthropogenic drivers. Hydrological
processes are also altered by climate change, which as a
result lead to change in carbon sequestration and nitrogen
deposition, as well as in human livelihoods and consumption
(Singh et al. 2011).

Hydrology

Changes in hydrology can impose great challenges to human
society and natural ecosystems (see Chaps. 3, 7 and 8 for full
details). Glaciers in the HKH have been retreating continu-
ously since the 1970s, with an accelerating rate of retreat in
the past decades (Bajracharya et al. 2011; Ding et al. 20006;
Fujita et al. 2008; Pu et al. 2004; Takeuchi et al. 2009; Yao
et al. 2007). Upstream snow and ice reserves in the HKH
have been affected substantially by climate change (ICI-
MOD 2011; Shrestha and Aryal 2011). River discharge is
likely to increase for some time because of accelerated
melting, which indirectly affects the water availability and
food security of large human populations (Immerzeel et al.
2010; Nepal and Shrestha 2015). On the Tibetan Plateau, for
example, glacial retreat has caused hydrological changes,
including river runoff increasing over 5.5% (Yao et al.
2007), and the water level of most lakes rising by up to
0.2 m yr ' (Zhang et al. 2011), accompanied by surface
expansion of many lakes (Liu et al. 2009, 2010). Thorough
analysis of the impacts of climate change on future water
availability in these basins is thus needed, and could
immediately affect climate change policies where transition
towards coping with intra-annual shifts in water availability
is desirable (Lutz et al. 2014).

Permafrost

The potential impacts of thawing permafrost (see Chap. 7 for
full details) remain largely unknown for most of the HKH
(Valério et al. 2008). The extensive permafrost is highly
sensitive to temperature changes, resulting in significant
warming, thawing, thinning, and retreat throughout the HKH
in recent decades, especially on the Tibetan Plateau (Yang
et al. 2010). Long-term temperature measurements have
indicated that the lower altitudinal limit of the permafrost has
moved upwards by 25 m at Xidatan in the interior of the
plateau during the last 30 years and upwards by 50-80 m
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along the Qinghai-Kang Highway, located on the eastern
edge of the plateau, over the last 20 years (Cheng and Wu
2007). In the Khumbu (Everest) Himalaya, apparently the
permafrost lower limit has risen 100-300 m between 1973
and 1991, then stabilized at least until 2004 (Fukui et al.
2007).

Mountain-specific environments

Mountain environments, in particular the HKH, are poten-
tially vulnerable to the impacts of global warming because
the combination of high sensitivity to climate change and
limited possibilities for species migration to favourable
locations renders mountains as “islands” in a “sea” of sur-
rounding lower-lying ecosystems (Busby 1988; Frey et al.
2011; Shrestha et al. 2012). In the high-altitude regions of
the HKH, glacial melt is affecting hundreds of millions of
rural dwellers who depend on the seasonal flow of water,
with more water available in the short term but less in the
long run as glaciers and snow cover shrink and disappear. In
Nepal, data from 1980 to 2015 show that floods, landslides,
and epidemics were the main causes of disaster-related
human loss (Carpenter and Griinewald 2016). Many recor-
ded GLOFs in this region have caused severe socioeconomic
damage (Hasnain 2007; Richardson and Reynolds 2000).
Many risk assessment studies recently carried out in the
Himalaya have identified ice avalanches from advanced
glacier tongues and ablation of dead ice beneath moraine
ridges as potential GLOF triggers (Bolch et al. 2008; Fujita
et al. 2008; ICIMOD 2011; Watanabe et al. 2009).

Climate change has synergistic effects with many of the
other primary threats or constraints to biodiversity. With
enhanced temperature and reduced precipitation, for exam-
ple, alpine meadows and shrubs may migrate to places
higher up the mountains. However, this process will be
constrained by environments that do not have soils of suf-
ficient depth for anchorage and nutrient storage. Grabherr
et al. (1994) estimated that a 0.5 °C rise in temperature per
100 m elevation could lead to a theoretical shift in altitudinal
vegetation belts of 8-10 m per decade (Grabherr et al.
1994). In the eastern Himalaya, this altitudinal shift is
expected to be around 20-80 m per decade (based on current
estimates of temperature increases of around 0.01-0.04 °C
per year) with greater shifts at higher altitudes, as the rate of
warming is expected to increase with altitude (ICIMOD
2009). Wetlands will shrink in response to high evaporation,
which will be further exacerbated by the expansion of set-
tlements and other human activities. The rising temperature
of water bodies renders them more suitable as habitats for
invasive species that outcompete native species and syner-
gistically interact with climate change to threaten native
organisms (see Sect. 2.2.4).
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2.2.6.2 Socioeconomic Effects

Coupled with social, economic, and political stresses, cli-
mate change could have serious cascading effects with
potentially catastrophic consequences, including adverse
impacts on ecosystem services supply, as well as on the
agricultural productivity, human health, and livelihoods of
the millions of people living in the region (Ariza et al. 2013)
—particularly where they are dependent upon natural
resources (Rautela and Karki 2015). Declining natural
resource availability and uncertainty introduced by climatic
variability pose a threat to mountain sustainability in the face
of an already declining natural resource base.

Agriculture

Agriculture is the direct or indirect source of livelihood for
over 70% of the population of the HKH, and a substantial
contributor to national incomes (Tiwari 2000). Changing
precipitation patterns, reduced runoff in the major river
basins, and increasing temperatures will simultaneously put
additional pressure on available water resources and increase
agricultural water demand for rainfed and irrigated crops,
thus increasing competition for water for agriculture,
industry, and human consumption (Hanjra and Qureshi
2010). Agriculture in this region is mostly rainfed (about
60%; World Bank 2016) and therefore vulnerable to changes
in timing and frequency of precipitation. Besides water
availability, crop yield depends on a number of biophysical
processes and variables (such as thermal stress, humidity,
solar radiation, nitrogen stress, ozone, and the fertilization
effect of CO,) and their complex, nonlinear interactions
(Challinor et al. 2009). Extremes in floods and droughts
through much of the upcoming century may destroy the food
production base of the region (Bruinsma 2003). Fischer et al.
(2002) expected a temperature increase of 1.5-2.5 °C to lead
to a decline in the agricultural productivity of crops such as
rice, maize, and wheat. Climate changes are predicted to
reduce the livelihood assets of rural people, alter the path
and rate of national economic growth, and undermine
regional food security due to changes in natural systems and
impacts on infrastructure.

Human wellbeing

Climate change affects the environment as well as social and
economic developments in the region. It exacerbates the
difficulties already faced by vulnerable indigenous commu-
nities, including political and economic marginalization, loss
of land and resources, human rights violations, discrimina-
tion, and unemployment (Chavez et al. 2014). The conse-
quences of biodiversity loss from climate change are likely
to be worst for the poor and marginalized people who
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depend almost exclusively on natural resources. Poverty,
poor infrastructure (roads, electricity, water supply, educa-
tion and health care services, communication, and irriga-
tion), reliance on subsistence farming and forest products for
livelihoods, substandard health (high infant mortality rate
and low life expectancy), and other aspects of development,
render the HKH even more vulnerable to climate change as
the capacity to adapt is inadequate among the inhabitants
(Manandhar et al. 2018, Negi et al. 2012).

Furthermore, climate change, land use transition, and
environmental migration in the HKH have impacts on social
relations between nations, social classes, ethnic groups, and
individual families as they increasingly struggle for access to
essential resources. This combination is a significant source
of potential as well as actual violent conflicts (Agnew 2011;
Aryad et al. 2013; Bhusal and Subedi 2014; Hsiang et al.
2011). The impacts on human health are similar (Sharma
2012), as most emerging human diseases are driven by
human activities that modify ecosystems or otherwise spread
pathogens into new ecological niches (Taylor et al. 2001).
Such modifications or alterations in ecosystems generally
lead to large-scale land degradation, changing the ecology of
the diseases that influence human health and making people
more vulnerable to infections (Collins 2001). Decisions
about change of land use, whether in response to climate
change or other factors, are thus also human health decisions
(Xu et al. 2008).

Migration

Yet another threat to human wellbeing is “forced environ-
mental migration” of populations that can occur as a result of
environmental phenomena caused by changes in the Earth’s
climate (Ramos et al. 2016). In some instances, rural farmers
migrate to the city and there are consequent labour shortages
in rural areas, leading to socioeconomic difficulties in the
rural agroeconomy (Sann Oo 2016). However, livelihoods in
the Himalaya have traditionally depended on a multitude of
strategies, including available ecosystem goods and services,
but typically also encompassing external activities such as
trade and labour migration. Yet changes in ecosystem ser-
vices following environmental or socioeconomic change will
clearly affect mountain livelihoods, and therefore are likely
to impact migration numbers and patterns (Banerjee et al.
2014). If the incidence and magnitude of extreme events
such as droughts and floods increase, there could be
large-scale demographic movements and ultimately trans-
formation. The annual rate of increase in migration in the
countries of the HKH has been disturbingly high, and the
number of internally displaced people also is expected to rise
significantly.
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2.3 Sociocultural Drivers of Change
to Mountain Sustainability

2.3.1 Changing Demographic Situation

Demographic processes such as population growth and
decline, changes in age distribution and education, social
and spatial mobility (migration), and concentration of
activities at market-based cities and local centres (urban-
ization) are the result of environmental and economic drivers
and exert impacts on both. In environmental terms, demo-
graphic oscillations increase the demand and consumption of
natural resources, and change land use, with the risk of
degradation by overuse or underuse. In socioeconomic
terms, demographic changes contribute to the transformation
of social relations and structural changes in mountain
economies. In either case, the changing demographic situa-
tion has both quantitative and qualitative impacts.

Sociodemographic changes are in turn affected by a range
of factors such as technological innovation, institutional and
financial conditions, and climate change. The availability
and quality of natural resources, as well as trends in their
exploitation, can equally influence demographic processes.
The biophysical environment has two functions for human
beings: it guarantees their physical existence and livelihoods
and is at the same time a resource for economic activities and
exchange in a given (and transforming) society. The com-
bination of these two functions generates a continuous ten-
sion between use and preservation and defines the human
impact on the environment. This is important for the ques-
tion whether mountains should mainly serve for its inhab-
iting population or for the downstream consumers and global
visitors. Thus, the number of humans, population growth
rates, and especially the population distribution are good
proxies both of the pressures that human communities face
and that they are placing on the Earth. The sociodemo-
graphic and environmental interdependencies are complex
and remain poorly understood (DeSherbinin et al. 2007). For
example, rapid population growth and poverty are often
blamed as being the main twin causes of deforestation, yet
recent large-scale deforestation in South Asia is largely
driven by agricultural enterprises and accompanying road
construction along with local and regional migration
(DeFries et al. 2010; Rudel et al. 2009).

The total population in the mountains and hills of the
HKH region was approximately 225 million in 2015 (United
Nations 2015b). Of the eight member countries, India has
the highest population distributed within the HKH (50.31
million), followed by Bangladesh (45.55 million), Afgha-
nistan (33.33 million), Pakistan (32.16 million), Nepal
(28.83 million), China (20.48 million), Myanmar (13.32
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million), and Bhutan (0.78 million). Although China is the
most populated country in the world, its HKH population
(mainly on the Tibetan Plateau) is much less because of the
high altitude and harsh environment with limited agricultural
opportunities. Population is most dense along the southern
fringe of the HKH including Nepal and India, the Chittagong
hill tracts in Bangladesh, and the upper Indus Basin in
Pakistan (see Fig. 2.3).

Almost all countries/territories in the region have experi-
enced a steep decline in fertility in recent decades, which has
resulted in a lower rate of population growth (World Bank
2015). The mean annual growth rate of most regional coun-
tries in 2015 ranged between 1% and 2%, but was higher in
Afghanistan (2.8%) and Pakistan (2.1%) and lower in China
(0.5%) and Myanmar (0.9%) (United Nations 2015a). During
the period from 1960 to 2014, the total fertility rate (births per
woman) declined, with the lowest in China (1.6) and the
highest in Afghanistan (4.8) and Pakistan (3.6), and the other
countries with a total fertility rate of between two and three
children (World Bank 2015). Conscious efforts to limit fer-
tility through increased knowledge about contraception,
together with decreasing infant mortality, are important fac-
tors in controlling high fertility rates (United Nations 2003).
Conversely, life expectancy at birth within the eight regional
countries rose remarkably in recent decades, exceeding
70 years in China (76), Bangladesh (72), and Nepal (70) and
reaching nearly 70 years in Bhutan (69), India (68), and
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Pakistan (66)'; Afghanistan has the lowest life expectancy
(60 years). However, it should be noted that, in 1960, life
expectancy in none of the eight countries exceeded 50 years.
Compared to the global average, people in developing
countries normally have shorter lives (United Nations 2012).
To a certain extent the observed changes in life expectancy at
birth are partial indicators of improving socioeconomic
development in this region.

Although the population of the HKH is mostly rural, the
urban population increased rapidly in the last three decades
due to processes of urbanization, industrialization, and rural—
urban migration. The urban population in China rose from
16 to 56% during the period from 1960 to 2014 (United
Nations 2014). In 2014 all other countries in the region had a
similar percentage—between 30% and 40%—except Nepal
(19%) and Afghanistan (27%) (United Nations 2014). While
the regional urban population grew rapidly during the 20th
century, the next few decades will see an unprecedented
scale of urban growth, putting more pressure on land cover,
natural resources, ecosystem services, and social services. In
most established or formal urban areas, access to water
supply and sanitation services is believed to be better than in
rural areas. In some peri-urban areas, however, residents
have little access to safe drinking water or adequate

ISee: https://data.worldbank.org/indicator/SP.DYN.LE00.IN.
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sanitation services, increasing the danger of water- and
sanitation-related diseases (United Nations 2014; World
Water Assessment Programme 2009).

In terms of age dependency ratios (i.e., percentage of
working-age population), Afghanistan (87%), Pakistan
(65%), and Nepal (62%) are ranked at the top, with China at
the bottom (37%). This indicates that larger workforces could
be provided in these countries if better educational opportu-
nities were available. Rapid population growth, combined
with economic difficulties, pushes people to cities. A declin-
ing and ageing population induces countries or regions to
accept migrants, who are typically willing to work at much
lower wages than native workers (Hoermann and Kollmair
2009). The net implication of these demographic processes is
clear: the HKH will have substantially more people in vul-
nerable urban areas in the next 20 years. The migration from
rural to urban areas also results in consumption and dietary
changes, which may further contribute to increased pressures
on many ecosystems (de Sherbinin et al. 2007; Dietz et al.
2007; Romanelli et al. 2015; Tilman et al. 2005; see
Sect. 2.4.3 ‘Urban and peri-urban expansion’ in this chapter).

In the HKH, migratory populations include traditional
groups of subsistence-level pastoralists and agriculturalists, as
well as family groups and individuals seeking greater
opportunities and refugees fleeing the consequences of armed
conflict or natural disasters (Hoermann and Kollmair 2009;
Tiwari and Joshi 2015). People who have become new refu-
gees because of wars, in particular, often pass through camps
or informal settlements, leading to the proliferation of infor-
mal communities on the fringes of cities (UNHCR 2015). In
these situations the arrival of additional people may exacer-
bate resource scarcity (e.g., water and agricultural land), strain
the capacity of the urban infrastructure, and even result in
conflicts with local communities. It is believed that climate
change, which is predicted to lead to greater frequency and
intensity of extreme weather events, is likely to result in
increased migration and possibly to an overall increase in the
displacement of people in the future (Tiwari and Joshi 2015).

2.3.2 Changing Sociocultural Situation

Cultural drivers of change have existed in the HKH for as
long as cultural communities have inhabited the region.
Some scholars (Cordaux et al. 2004; Gayden et al. 2007)
have understood the HKH to be a great, fixed geographical
barrier impeding or restricting the flow of human gene pools
(Box 2.4). However, viewing the HKH from a
historical/cultural lens, it could be found that the strategic
location of this formidable mountain chain is at the inter-
section of South Asia, East Asia, and Central Asia as a
facilitator for the historic emergence of distinct cultural and
politico-economic groups.
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Box 2.4 Culture as a driver

Culture can be broadly defined as the way a community
lives at a certain point in time (Kalman 2009). Culture
shapes people’s perceptions, judgments, ideas of self
and other, and human relationships (LeBaron 2003). To
apprehend culture, one has to look at the way living is
“performed”—by articulations of shared as well as
contested ideas, beliefs, and values through the ways in
which relationships between people as well as between
people and “things” manifest themselves via practices
and representations—at levels both “mundane” and
“out of the ordinary” (Kien 2009). In discussing the
cultural drivers of change in the HKH, a critical element
to highlight is that while culture itself is always in the
making, in the process “culture” also affects or changes
its own members or participants. New forms of articu-
lations and practices indicate emerging aspirations,
desires, capabilities, and forms of resistance among the
culture’s participants. At the same time, such changes
can engender or encourage physical movements of its
participants to and away from a particular location. This
can be seen, for example, in the phenomenon of
rural-to-urban and hills-to-plains migration, wherein
changing value systems and agents of modernity effect
dislocation. The effects of this process of cultural
change can happen in multiple places simultaneously,
or more gradually and unevenly. These changes also
can affect the ways in which people relate to the sur-
rounding natural landscapes.

Such people and groupings, traditionally reliant largely
on locally adapted forms of agropastoralism and trade,
generally have deep interdependence with distant popula-
tions and societies located on either side of the mountain
chain (Bauer 2004; Fiirer-Haimendorf 1975; Olschak et al.
1987). For example, among the many Tibeto-Burman cul-
tural and ethnolinguistic communities spread across the
HKH, the local material cultures and political economies
grew for several centuries in the midst of a complex web of
interdependence, with much larger cultural and political
spheres extending both to the north and the south of the
Himalaya (Gerwin and Bergmann 2012; Shakya 1999). This
growth of cultural communities in the HKH was essentially
premised upon interactions and movements of people; items
of trade, religion, art and folk cultures; and emerging polit-
ical formations (Cacopardo and Cacopardo 2001; Handa
2001). Such interactions, with cultures, technologies, and
polities outside the HKH, have always been the critical
cultural drivers of change within the HKH.

However, the pace of changes in the materiality, values
and aspirations, and social relations (i.e., the key effects of
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cultural drivers) among the communities of the HKH has
accelerated exponentially since the 20th century. Through-
out the region, the 20th century was a period of great
political, economic, social, and cultural transformation. It
saw the emergence of nation states all over Asia and, with
that, the bid to integrate peripheral regions such as those of
the HKH into national mainstreams (Bose and Jalal 2004,
McCauley 2016). In the last three decades, globalization has
also been making deep inroads into the HKH, facilitated by
liberalizing economies, better connectivity, and transnational
flows of media and tourism (Bauer 2004; Hodge 1991;
Hodges et al. 2014; Jodha 2005). At the same time, fluid
movements and long-standing relations between borderland
communities for trade, pilgrimage, pastoralism, and often
also kinship became more and more constricted because of
the tightening of borders, and in many places they eventually
became completely cut off from one another (Bauer 2004;
Harris 2013; Hoon 1996).

Overall, increased connectivity, increasing penetration by
the state and markets, geopolitical developments, global-
ization, and the spread of new technologies have engendered
many new kinds of interactions, imaginations, aspirations,
and practices in the communities of the HKH. Just as in the
past, these processes of interaction between the local com-
munity and the world beyond form the cultural drivers of
change. Numerous studies from the HKH show that these
processes occur in deeply intertwined ways and are heavily
interdependent, and thus need to be studied together. Hodge
(1991), Kreutzmann (1993, 2004), Banskota et al. (2000),
Aggarwal (2004), Bauer (2004, 2005), Bergmann et al.
(2008), Ueda and Samdup (2010), Demenge (2012), Harris
(2013), Howard (2013), Toffin and Pfaff-Czarnecka (2014),
and Grocke (2016) are some good, in-depth studies laying in
sharp relief the complex, material ways in which members of
various HKH communities experience, contest, and negoti-
ate interactions with the aforementioned agents of change.

The establishment and growth of state-supported institu-
tions of local governance and the implementation of state
policies—on sectors ranging from education to health care,
natural resource management to primary infrastructure
development—are fundamentally contingent upon the
improvement of connectivity of these rugged regions, both
in terms of physical access and communication technology.
Additionally, connectivity has also been to shown to link
these mountain communities to national, regional, and glo-
bal flows of commerce, media, consumptive choices, labour,
and tourism (IUCN 2017). As connectivity, the reach of state
apparatus, and globalization increase, they cause significant
changes in the realms of (1) social relations between dif-
ferent strata of communities, (2) traditional livelihoods and
their relation to the local and broader socioecological sys-
tems, and (3) power dynamics in terms of gender, social
background, and age among community members.
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It may be futile, though, to attempt to label the effects of
cultural drivers of change in the HKH as completely positive
or negative. The interactions enabled by enhanced connec-
tivity occur in the “sticky materiality” of pre-existing
socioecological landscapes and thereby have “awkward,
unequal, unstable, and creative” effects, often in unintended
ways (Tsing 2005). There have been some unquestionably
positive developments in many cases, such as improving
access to education and general health care, new livelihood
opportunities, breaking down of oppressive traditional hier-
archies, and improved awareness and practices around
maternal health and sanitation. However, the sociocultural
drivers of change have also brought in their wake develop-
ments such as the loss of traditional knowledge and folk art
forms, haphazard road and building construction, breakdown
of traditional sociopsychological support systems in the face
of difficult times, and a growing sense of alienation (Foggin
2016). With the increasing spread of connectivity, govern-
mentality, and globalization, many parts of the HKH have
also faced increasingly volatile and sometimes violent
geopolitical conditions over recent decades (Agrawal et al.
2016; ICIMOD 2012). There is therefore a need to create
locally sensitive modes of development that help to
empower local communities to make decisions regarding
their lifeworld, while respecting the opportunities and limi-
tations imposed by the geoclimatically diverse landscapes of
the HKH (Hodges et al. 2014).

2.3.3 Governance Systems and Institutions

Mountain areas of the HKH have not remained isolated from
development interventions brought in by government and
non-government agencies. At the same time, the region has
experienced environmental degradation with resulting
socioeconomic problems such as water scarcity, crop
depredation, and scarcity of fuelwood and fodder. Moreover,
this has happened in the last few years despite growing
awareness of the importance of maintaining environmental
health, especially in mountains. The question that needs to be
asked is: what led to this situation? Is it wrong policy adopted
by central and provincial governments? Is it changing
developmental aspirations of people? Is it the failure of tra-
ditional institutions that regulated the use of environmental
goods and services until recently, or the failure of modern
institutions that replaced them to maintain sustainability?
Some scholars feel that it is likely due to a failure of devel-
opment agencies to consider interventions from a “mountain
perspective” (Ives 2013; Price 2015) especially in regard to
inaccessibility, marginality, fragility, diversity or hetero-
geneity, niche or comparative advantage, and human adap-
tation mechanisms (Jodha 2000, 2005). The autonomy and
flexibility of decentralized traditional institutions at the
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community/local level in the HKH, as well as natural
resource endowments, have helped communities adapt to
changes in the past, and these attributes should therefore be
preserved and strengthened into the future (Foggin 2018).

In the rural areas of HKH natural resources are an
important component of sustenance for local communities,
and the various institutional arrangements that have evolved
over the years represent communities’ ways of adapting to
the vagaries of nature. However, over time the infrastructural
and physical changes have been accompanied by socioeco-
nomic changes, followed by political as well as adminis-
trative changes, with a clear impact not only on how natural
resources are managed, but also on how local communities
look at and treat them. The shift from decentralized own-
ership, as well as access to centralization, has made this
region vulnerable to large demands on goods and services
made available by mountain ecosystems (Jodha 2005).

A majority of the inhabited areas in the HKH are facing
challenges of sustainable development. This situation has
been caused partly by the precarious state of environmental
governance, wherein for many reasons regional governance
systems are largely unable to address environmental issues.
These include fragmented governance, where informal and
formal governing institutions are not synchronized; lack of
involvement from financial institutions in considering a
“bigger picture” before they support external investments;
and the proliferation of environmental agreements, often in
conflict with trade agreements or practices. All these issues
hinder proper functioning of regional governance. For
example, high demand for mountain niche products can result
in over-exploitation and thereby lead to degradation. With no
policy in place and no institutional mechanism to implement,
monetary incentives result in the breakdown of local institu-
tions. Similarly, although most areas in the HKH are experi-
encing the phenomenon of depopulation due to migration, the
population of the plains is growing continuously (along with
aspirations), which itself has also had growing direct impli-
cations for the exploitation of natural resources in the
mountains.

Lack of integration of sector policies, which is common
to all HKH member countries, has been exacerbated by
inadequate institutional capacities in mountain regions,
including local governments and local communities (Agra-
wal et al. 2016; Foggin 2008; ICIMOD 2012). The absence
of a gender perspective, and of values of equity and partic-
ipation in governance, has led to an inability to persuade and
influence the public and win the support of public opinion
(UNEP 2002, 2008). Generally, environmental problems are
embedded in very complex systems, of which our under-
standing remains quite weak (Underdal 2010). Because of
the time lag between human action and environmental effect
(hysteresis), the shift from awareness to action sometimes
can take as long as a generation. Thus, governance—
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especially regional governance—has been overlooked by
most member countries, although verbal assent can often be
heard (Agrawal et al. 2016).

2.3.4 External Knowledge and Technological
Innovations

In addition to local tacit knowledge about the environment
and its management, which has developed over millennia,
the accessibility to and penetration of modern science and
technology are amongst the key driving forces behind the
three pillars of mountain sustainability. Both the generation
and dissemination of traditional and scientific knowledge
and associated technologies have significant implications for
both conservation and development. Technological imple-
mentation can have both positive and negative effects on the
environment and human wellbeing (Nelson et al. 2006). This
can be seen, for example, in increasing food production,
improved accessibility of mountain communities to the
external world, and also changes in human consumption
patterns. Generally, in the remote mountains of the HKH,
inadequate access to appropriate technologies and scientific
knowledge is one of the causes (through their absence) of
poverty and natural resource degradation (Maikhuri et al.
2011), along with weak systems for communication and
dissemination of knowledge. In the following sections, a few
innovative areas of technology with major influence on
mountain societies are highlighted.

Information and Communications
Technology (ICT)
ICT is instrumental in reshaping and transforming numerous
aspects of the world’s economies, governments, and soci-
eties, and is becoming one of the fastest-growing industries
in the global economy in the 21st century (Baller et al.
2016). Increased availability of information and
knowledge-sharing platforms is key to fostering socioeco-
nomic development and also increases awareness about
environmental issues, related government legislations, and
subsidies (Thapa and Sein 2010; QBE Asia Pacific 2017).

The mountain communities in the HKH suffer from lack
of access to basic resources, services, and relevant infor-
mation (Akhtar and Gregson 2001). However, various
agencies working in the region, including governments,
non-governmental organizations (NGOs), and public and
private entities have shown a growing interest in promoting
and using information and technologies to improve people’s
quality of life and their livelihoods, to link the HKH with
markets outside the region, and to reduce the marginalization
of mountain communities (Thapa and Sein 2010).

Within the HKH, there are significant differences in terms
of the number of mobile subscribers who have used mobile

2.3.4.1



36

internet services. Highly advanced markets such as China
already show above 40% of the population using mobile
internet services, followed by India (22%). However, less
than 20% of the populations of Myanmar, Bangladesh,
Pakistan, Nepal, and Bhutan have used mobile internet ser-
vices. This naturally leads to a great potential for the
emerging markets within the region, in terms of mobile
internet subscribers, when identifying growth opportunities
(GSMA Intelligence 2015).

Increased availability of information and
knowledge-sharing platforms are key to fostering socioeco-
nomic development (Thapa and Sein 2010) as well as
enhancing environmental governance, associated with gov-
ernmental legislation and the development of cleaner tech-
nology (IUCN 2017). There is increasing evidence that ICT
tools such as radios, internet, TV, and e-magazines are being
used for communicating and information sharing (Adhikari
et al. 2006). ICT tools also are being used to simplify
technical information and to share more accurate and
up-to-date information with different communities (Baral
et al. 2006). Use of ICT for agro-advisory services and early
warnings in disaster situations has also emerged as an
effective adaptation measure to deal with the impacts of
climate change, weather irregularity, and geo- or biodisaster
planning (Baller et al. 2016; QBE Asia Pacific 2017).
Another important use for these technologies concerns mit-
igation of remoteness, whether social or geographic, partic-
ularly in relation to increasing people’s accessibility to
education, healthcare, and natural risk warnings and rescue.

2.3.4.2 Geospatial Technology and Improved
Regional Perspectives

Geospatial technology also is recognized as an effective tool
for planning, management, and decision making locally,
regionally, and globally. The rapid development of geospa-
tial applications has allowed it to be used widely for map-
ping LULCC; to predict agricultural productivity and natural
disasters such as landslides, avalanches, and glacier change
(Manfré et al. 2012); and to plan transportation networks and
environmental protection (Ingole et al. 2015).

A large temporal and spatial variability in ecological and
socioeconomic aspects exists across the HKH with respect to
geographical, physical, socioeconomic, and cultural param-
eters. To understand such large variability in the region and to
successfully use that information to predict changes and apply
effective natural resource management practices, it becomes
essential to use technology that allows access to data over
large scales and which provides a platform for integrating
geographic data with sociocultural and economic factors.

In the last two decades, ICIMOD and its regional and
international partners have successfully applied geospatial
and allied technologies for understanding glacier dynamics
in the context of climate change, forest fire monitoring with
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SMS alerts, land cover change assessment for natural
resources, deforestation and forest degradation monitoring,
vegetation shift and corridor identification in transboundary
landscapes, disaster information management and flood early
warning systems, and agriculture monitoring for food secu-
rity analysis (Bajracharya et al. 2007; Li et al. 2017; Qamer
et al. 2016; Uddin et al. 2016). GIS platforms and analytic
tools also are being used to monitor changes in natural
ecosystems (Chaudhary et al. 2014; Gilani et al. 2017).

2.3.4.3 Biotechnological Applications
in Agricultural Production Systems

Biotechnology has evolved rapidly to address the existing
problems of food, health, and environmental security (Pad-
manaban 2003) and conserving biodiversity (Joshi et al.
2009). It is being used in medicinal and aromatic plants
(Adhikari 2011; Joshi et al. 2009; Juyal et al. 2014), forestry,
and agriculture with the development of pest-resistant or
drought-resistant seeds, high-yield varieties, biofertilizers,
biopesticides, and biofuels. There is no common opinion on
this topic, neither between countries nor at the regional level,
and not even amongst all the authors of this chapter. The
topic is highly contested (see, e.g. for Burkina Faso, Le
Monde 2015). In Switzerland, for example, environmental
organisations and small scale farmers (who are located
especially in mountains) have enforced a moratorium of
genetically modified (GM) organisms until 2021. Con-
versely, several HKH countries see plant and animal GM
organisms as powerful tools that hold the promise of
improving the productivity, profitability, and sustainability
of farm systems, including those in poor districts (Adhikari
et al. 2006; Cohen 2005; Delmer 2005).

Biotechnology has potential benefits as well as risks when
applied to agricultural crops. Its proponents say that the
introduction of genetically modified crops has reduced the
spread of diseases, yet there remain concerns regarding the
reduction of native crop genetic diversity due to GM plant
breeding programmes (Li et al. 2016; Rauf et al. 2010). GM
approaches also have generated questions about their possi-
ble negative consequences on health, society, and the envi-
ronment (Akumo et al. 2013; Fisher et al. 2015; Shahzadi
et al. 2015). Negative health implications for farmers due to
increased exposure to toxins, and to allergic reactions, have
also been reported in some studies (Debyani and Neeta 2012;
Prakash et al. 2011). Critics also argue that the interactions of
GM organisms (GMOs) with existing biodiversity are not yet
clarified and therefore unsafe, or at least ill-advised according
the precautionary principle. Additionally, GMOs are sterile
and farmers therefore must continuously buy seeds from the
copyright holding companies, rendering them both finan-
cially and technologically dependant. External knowledge
also begins to replace regional mountain knowledge (Forster
et al. 2013; Public Eye 2017). Furthermore, dependency on
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external private enterprises endangers the sovereignty of
national states in issues of food (De Schutter 2010; UNCTAD
2009). It will be important to look at the biosafety aspects of
using new varieties, which may interact with the environment
to produce sterile seeds and affect local terrestrial and aquatic
populations. A balanced view also demands that even with
the new CRISPR (Clustered Regularly Interspaced Short
Palindromic Repeats) technologies, coexistence with organic
farming must not be inhibited—that is, the option to return to
earlier non-GM ways in the future must always be kept open
(Niggli 2016).

Extension of agricultural land use coupled with replace-
ment of traditional staple food crops by cash crops, modern
and high-yielding varieties, and improved cultivars within
existing cropping systems (Agnihotri and Palni 2007; Bard-
sley and Thomas 2005; Rana et al. 2009; Saxena et al. 2005)
is driving the loss of genetic diversity (Xu and Grumbine
2014) and associated traditional farming knowledge. The
replacement rate of local seed (landraces) has increased with
distribution of modern seed varieties (Rana et al. 2009). In
the Humla district of Nepal, rice subsidies over the past
30 years have increased dependence on this staple crop,
resulting in the decline in cultivation of indigenous cereal
crops such as barley foxtail, panicum and finger millets,
buckwheat, amaranth, and beans (Roy et al. 2009).

In the western Himalaya a shift in land use (from sub-
sistence farming to commercial farming), particularly the
cultivation of vegetables and fruits as cash crops and the
continued use of high-yield crop varieties, has become the
principal reason for erosion of genetic diversity (Agnihotri
and Palni 2007; Rana et al. 2007; Sharma and Chauhan
2013) and degradation of natural resources (Saxena et al.
2005). Although cash crops have brought substantial eco-
nomic benefits to local farmers (Saxena et al. 2005), the shift
from highly diverse systems to monoculture agriculture also
has promoted the excessive and often indiscriminate use of
chemicals and pesticides (Kala 2014). Furthermore, the loss
of biodiversity could compromise the potential to obtain
improved varieties which could help people adapt to
changing conditions in the future.

2.4 Economic Drivers of Change
to Mountain Sustainability
2.4.1 Economic Growth and Differentiation
Rapid economic developments have occurred in most HKH
countries, creating national and local economic opportuni-
ties. Increased trade, tourism, resource extraction, and labour
migration have opened avenues for income generation and

local development; yet large challenges come with these
changes (Box 2.5).

37

Box 2.5 Challenges of economic development in
the HKH

Poverty in the HKH is still widespread (Gerlitz et al.
2012) and inequalities between highland and lowland
—due to unequal access to markets, inadequate
infrastructure, and failed or insufficient policies that do
not sufficiently incorporate mountain specificities—are
increasing.

Indigenous people and ethnic or religious minori-
ties—a significant part of the population of the HKH
—generally benefit less from economic development
than the larger population group in urban centres.
Instead, indigenous people are often the most under-
privileged and vulnerable groups in the mountains
(Gerlitz et al. 2012; Lama et al. 2010).

Despite efforts to promote regional economic inte-
gration and transboundary exchange, the HKH
remains one of the least integrated regions in the
world. The borderlands, while creating opportunities
for some, continue to constitute significant barriers for
exchange. Subsistence and non-monetized economies
still play an important role, especially for pastoralists
in the high altitudes around these national borders.

Mountainous areas are also often zones of insta-
bility and conflict (such as in Kashmir or north
Myanmar) (Starr 2006) with significant shadow or
conflict economies (for example, human trafficking
and illicit trade in timber, precious stones, and drugs).

Informal economic activities, especially in rural
parts of the HKH, play a considerable role in local
livelihoods but their relative contributions are hard to
estimate.

The countries of the HKH have made remarkable eco-
nomic achievements in the last decades. Since the initiation
of market reforms in 1978 and the shift to a market econ-
omy, China has experienced rapid economic development
with an average annual gross domestic product
(GDP) growth of nearly 10%, a rise in GDP from USD
148.4 billion in 1978 to USD 10.9 trillion in 2015, and a rise
in GDP per capita from USD 980 in 1990 to USD 14,200 in
2015 (World Bank 2016). Between 1990 and 2005 alone,
China lifted 470 million people out of extreme poverty
(Wang et al. 2015). South Asia, mainly driven by the eco-
nomic development of its largest economy, India, has also
experienced robust economic growth; and, with a regional
average GDP growth of 7.1% in 2016, is now the
fastest-growing developing region worldwide.”

See: http://www.worldbank.org/en/news/press-release/2016/04/09/
south-asia-fastest-growing-region-world-vigilant-fading-tail winds.


http://www.worldbank.org/en/news/press-release/2016/04/09/south-asia-fastest-growing-region-world-vigilant-fading-tailwinds
http://www.worldbank.org/en/news/press-release/2016/04/09/south-asia-fastest-growing-region-world-vigilant-fading-tailwinds
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Despite these impressive national growth figures, eco-
nomic development in the region varies both among and
within countries. China’s mountainous HKH provinces
(Xizang/Tibet Autonomous Region (TAR) and Yunnan,
Gansu, Qinghai and Sichuan provinces) lag far behind the
coastal provinces both in terms of per capita GDP and rate of
poverty reduction (Fang and Ying 2016). In India there is no
consistent trend, with per capita income in some mountain
states above the national average (e.g., Himachal Pradesh)
and others severely below (e.g., Manipur, Assam, Jammu,
and Kashmir).

Social instability and prolonged conflicts have notably
hampered the performance of some countries (Afghanistan,
Pakistan, and Myanmar), and states that are largely moun-
tainous (Nepal and Bhutan) are also lagging behind.
Mountain people in the HKH remain economically vulner-
able; sustainable development efforts have not produced the
desired outcomes; and mountain poverty in the HKH is still
widespread (Gerlitz et al. 2015).

The vast majority of mountain people in the HKH are
dependent on agriculture and animal husbandry; but growing
population numbers have put additional stress on already
limited mountain resources and have increased the work-
force to the extent that it cannot be absorbed by traditional
farming systems. In Nepal, for example, nearly
three-quarters of the labour force is dependent on agricul-
ture, which contributes to only 37.4% of GDP (Nepal and
Henning 2013), while employment opportunities outside the
farm sector are stagnating and the economy is characterized
by a low salary structure (Shrestha 2008). In this respect, one
livelihood strategy for mountain people is migration to
national urban centres, more industrialized Asian countries,
and the Gulf States. The remittances migrants send home are
significant sources of income for households in mountain
areas throughout South Asia. In Nepal, they amount to more
than one-third of national GDP and are a major factor con-
tributing to a balance of payment crisis (Shrestha 2008).
Additionally, much of the potential labour force is then
missing to sustain the traditional agricultural systems, which
are degraded by underuse.

In addition to remittances, other external financial con-
tributions are essential for the HKH. For example, in India,
several hill states receive special subsidies through the Hill
Area Development Programme and other schemes, while the
economies of China’s mountainous provinces such as
Xizang/TAR rely heavily on subsidies and assistance from
Beijing (Jin 2015). Official international development
cooperation is also an important source of revenue for some
HKH countries such as Afghanistan, Bhutan, Bangladesh,
and Nepal, with foreign development grants accounting for
significant shares of the annual national budget. While large
contributions come from outside the region, regional coop-
eration also is growing. India and China are the largest
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contributors; in 2015-16 India allocated more than 80% of
its USD 1.6 billion foreign aid budget to South Asia, with
63% going to Bhutan alone (Piccio 2015).

Hydropower development (e.g. in Bhutan) and resource
extraction generate significant national or local revenues, but
they can also lead to environmental degradation (e.g., timber
extraction in Pakistan; Ali and Benjaminsen 2004), the
withdrawal of the economic basis of pastoralists (see, e.g.,
Rousselot 2015 for Lesotho in Africa), and local conflicts
(Agnew 2011; Global Witness 2015).

Leisure and religious tourism also contribute to the eco-
nomic development of the HKH and have become signifi-
cant drivers of socioeconomic and environmental change.
Since Bhutan introduced tourism in 1974—with the primary
objective of generating foreign exchange revenues (Dorji
2001)—the number of tourists has climbed sharply from 287
to over 7000 in 1999 and more than 155,000 in 2015;
tourism now generates annual revenues of over USD 70
million (Tourism Council of Bhutan 2015). In Nepal, with
its spectacular mountain scenery and its rich Hindu and
Buddhist heritage, tourism has become one of the country’s
strongest industries. It generates employment opportunities
as well as foreign exchange earnings and GDP growth, while
also having positive effects on the demand for goods and
services, transportation, and communication infrastructure
(Gautam 2011; Paudyal 2012). Tourism is an important
contributor to the state economy of Himachal Pradesh, India,
and to Xizang/TAR, China, where tourist numbers—facili-
tated by improved rail and air transport to Lhasa in recent
years—reached 9.25 million in 2014 and generated revenues
of CNY 11.2 billion yuan (USD 1.79 billion) (Xinhua 2015).
Herein, we can also clearly see huge risk for potential
over-exploitation. Tourism related to summit expeditions
(e.g., Mount Everest), alpine trekking, and visiting notable
landscape features has become a global export product, but
also can create localized conflicts with local populations
because of use conflicts (Naitthani and Kanthola 2015; Rao
et al. 2000) or problems of over-exploitation (with violent
attacks between expedition members at Mount Everest in
April 2013). Second homes owned by rich multilocal people
from Mumbai, Delhi, and the Gulf States also are sprawling
into the unstable hills around Nainital/Uttarakhand, India
(Tiwari and Joshi 2016).

Regional and transboundary trade are important for both
mountain countries and mountain people along the borders.
For example, driven by Chinese demand, Yarsagumba or
caterpillar fungus (Cordyceps sinensis) has become one of
the most important sources of cash incomes for mountain
people in large parts of the Tibetan Plateau and the India,
Nepal, and Bhutan Himalaya (Winkler 2009). Complicated
border procedures, insufficient border infrastructure, and a
complex socio-political environment, however, mean that
regional trade performs well below its potential, and South
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Asia remains one of the most un-integrated regions in the
world (Ahmed and Ghani 2015).

The South Asian Association for Regional Cooperation
(SAARC) and the South Asia Subregional Economic
Cooperation (SASEC) Program, aimed at improving regio-
nal economic opportunities and fostering connectivity with
China and Southeast Asia through Myanmar, still have a
long way to go before the mountain people of the HKH can
genuinely benefit. Other large regional and international
initiatives also attempt to increase regional connectivity and
economic integration:

e India’s ‘Look East’ policy has gained new momentum
with the opening of Myanmar since 2012;

e Pakistan and China are creating an economic corridor
with considerable investments in infrastructure and
energy generation in Pakistan’s mountainous provinces;

e China announced a modern version of the ancient Silk
Road with its ‘One Belt, One Road’ initiative that aims to
connect large parts of Asia with Europe and East Africa
through maritime (belt) and overland (road) connections;
and

e Bangladesh, China, India, and Myanmar are establishing
an economic corridor that will eventually connect Kun-
ming in China’s Yunnan Province with Kolkata (India)
via Mandalay (Myanmar) and Dhaka (Bangladesh).

It is too early to estimate the full impact of these large
initiatives, but they are likely to shape socioeconomic
dynamics in the HKH for decades to come. In light of this
increasingly rapid globalization and because of the con-
straining mountain specificities of fragility, marginality, and
inaccessibility, further economic integration requires strong
and mountain-specific policies to avoid increased depen-
dencies and inequities in highland—lowland exchanges
(Jodha 2000, 2005).

As in similar cases in history and in other parts of the
world, these economic development processes go hand in
hand with a differentiation and polarization in society
whereby more active and dynamic families can profit from
open and enlarged markets and new demands, while
lower-performing individuals or households become
increasingly dependent on low-wage jobs or are forced to
out-migrate, at least temporarily (e.g., Sherpa society in the
Khumbu area) (Jacquemet 2017). We see similar processes
in other mountain resort towns, such as several waves of
resort development in the European Alps in the late 19th
century and from the 1960s to the present, and in the Rocky
Mountains in Canada and USA since the 1980s (Glorioso
and Moss 2006).
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2.4.2 Rapid Infrastructure Development

In 1994, the World Development Report argued that good
infrastructure can raise the overall economic performance of
a country, contribute to poverty reduction, and help to
improve environmental conditions when the provision of
service infrastructure responds efficiently to demand (World
Bank 1994). Further studies have demonstrated the positive
correlation between infrastructure, income levels, and (rural)
development (Calderén and Servén 2004; Cook 2005).

In recent decades, increased access to and within moun-
tainous areas in the HKH because of the creation of hard
infrastructure has indeed been a powerful driver of change.
The expansion of roads and road networks has played the
most important role and helped to reshape socioeconomic and
political relations within mountain areas, and also between
mountains and the downstream centres of population. While it
is generally assumed that access (especially through roads)
represents opportunities for development, it also can con-
tribute to increases in resource extraction from mountainous
areas, growing dependencies on markets in the lowlands,
pollution and environmental degradation, out-migration, and
(potentially) sociocultural conflict. Also, as the level of
infrastructure development varies, the impacts derived and
pace of development are distributed unequally between and
within regions (Kohler et al. 2001; Kreutzmann 2004).

Comprehensive data on infrastructure in the HKH are still
not available. While the South Asian region faces an
infrastructure gap of USD 1.7-2.5 trillion until 2020 (Biller
et al. 2014), no consistent estimates are available that
demonstrate how much of this amount needs to be invested
in mountain infrastructure. Also, access to infrastructure
within and among South Asian countries is extremely vari-
able, but in general accessibility is lower in countries with
large areas of mountainous geography, low rates of devel-
opment, and long internal conflicts, such as Afghanistan and
Nepal (Biller et al. 2014).

Difficult geography, high construction costs, the prox-
imity to sensitive national borders, and a lack of economic
incentives for central planners mean that physical infras-
tructure in the mountains has long been underdeveloped.
Early road expansion in the eastern and western Himalaya
was guided more by strategic and military interests than by
an aim of providing better transport facilities for mountain
people. Since the 1990s, however, many of these roads have
become accessible to civilians, and the network of roads
accessible to motor vehicles has expanded, providing access
to hitherto remote and inaccessible mountain valleys, such as
Pakistan’s Gilgit-Baltistan or north-eastern India (Das 2008;
Kreutzmann 2004).
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While Nepal had only 2700 km of road in the early
1970s, the official road inventory in 2011 listed approxi-
mately 11,000 km of strategic roads and 60,000 km of rural
roads. However, only half of the strategic road network and
5% of the rural network are paved (World Bank 2014).
Bhutan, which began road development in the early 1960s,
now has a road network of 10,578 km built mainly with
outside support and comprising 2436 km of national high-
ways and expressways; 1190 km of district roads; 5257 km
of rural farm roads; 350 km of urban roads; 667 km of forest
roads; and 678 km of other access roads (Asian Develop-
ment Bank and Royal Government of Bhutan 2014).

The high investment costs in engineering and materials
and the geographical conditions in the HKH, with its high
mountain passes and frequent river crossings, have hindered
road development. In addition, heavy monsoon rainfalls in
parts of the HKH, human impact through deforestation or
building construction (Haigh and Rawat 2011), and weak-
ened slope stability due to increased road development itself
(as in China’s western Yunnan Province; Sidle et al. 2014),
cause numerous landslides along mountain roads (see
Sect. 2.2.5, Mountain hazards). The resulting high cost for
road maintenance means that many mountain roads are in
poor condition. The summer rainy season and heavy winter
snowfalls also make many roads impassable for much of the
year. Access and connectivity in the HKH therefore cannot
depend only on paved and unpaved mountain roads; it also
depends on a network of trails, suspension bridges, and
ropeways. Porters and animal transport by donkeys, yaks,
and yak crossbreeds also still play an important role in
higher elevations and remote areas (Starkey 2001; Wu et al.
2016b). Additionally, air transport is indispensable—espe-
cially in remote and otherwise inaccessible areas—often
with small airports and untarmacked runways.

The only country in the HKH with established major
railways to and in the mountains is China. A spectacular
railway with large parts of the tracks on permafrost on the
Tibetan Plateau connects Golmud (Qinghai) with Lhasa
(Xizang/Tibet) was opened in 2005 and was recently
expanded to Xigazé (Shigatse) in 2014.

The potential for hydropower in the HKH exceeds 500
GW (Vaidya 2012). Harnessed properly, this energy could
trigger a socioeconomic transformation and have a tremen-
dous impact on the lives of mountain people. However,
despite the high potential for hydropower, the energy
economy in the region is still weak and characterized by
limited access to clean and modern energy services, low per
capita consumption, a relatively high consumption of
non-commercial biomass, and a high and growing depen-
dency on imported fossil fuels (Asian Development Bank
2013; Shrestha 2013). Energy poverty is high (Rasul and
Sharma 2015) and electricity (apart from in China) is
available to only half of the population in the HKH (Vaidya
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2012). A strategy for strong tourist development increases
the needs for energy and may serve as a driver the extension
of hydropower installations in Nepal and India (Fort 2017,
Naitthani and Kanthola 2015).

In the future, energy poverty could be minimized and a
strong driver for change in the mountains could be promoted
by:

e Modern technologies that increase the efficiency of
fuelwood (still the most important source of energy for
many mountain people, both for cooking and heating)
and decrease related carbon emissions;

e Decentralized small-scale hydropower development; and

e Better local, national, and regional grid connectivity that
could also facilitate hydropower export (but this should
be wused -carefully, and mainly as a means of
supra-national cooperation under the aspect of supply
security’; if it is developed under a merely commercial
logic, it risks severe environmental damage and social
challenges). The further extension of new sources of
energy such as active and passive solar energy also is
very important.

2.4.3 Urban and Peri-urban Expansion

Urbanization in the HKH is an independent driver with
cross-cutting impacts on the three pillars of mountain sus-
tainability. Urbanization is understood here in a sociological
sense, which includes demography, migration, and the dif-
ferentiation to market economies; it considers especially the
socioeconomic processes at play in a given territory (Bren-
ner and Schmid 2014). More succinctly, urbanization
encompasses the overall processes of association of people,
and concomitantly the movement from generalist towards
specialisation—with societies in urban or peri-urban settings
largely dependent on broad division of labour and exchange
of services.

Urbanization should not be confounded with urban
expansion, urban sprawl, or the creation of cities and
agglomerations—phenomena which are only part of the
comprehensive social process of urbanization. This umbrella
term is more comprehensive and includes aspects which are
not directly visible, such as temporary outmigration (multi-
locality), second homes for leisure, or internet-based

3In Bhutan, hydropower export to India is already a major source of
revenue. Nepal, on the other hand, is currently a net importer of
electricity from India despite an abundance of hydropower resources
(Asian Development Bank 2013). For longer discussion on the problem
of the impacts of the use of hydropower on local populations, see
Rousselot (2015) and Agnew (2011).
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activities in areas which at first sight look purely “rural”. In
this section it is not possible to consider all aspects of
urbanization, and we focus mainly on processes related to an
ongoing concentration of jobs and people in local centres,
cities, or urban agglomerations which often show a spatial
sprawl, concomitantly with a relative depopulation in
regional peripheries. Over the last three to four decades,
human settlements in the HKH have grown both in numbers
and in size, with small villages transforming into larger
towns and former towns into major metropolitan areas
(Ghosh 2007; Pandit 2009).

Urbanization is, on one hand, the consequence of both
global and regional socioeconomic driving forces. A global
division of labour, production, and trade increases the shift
of labour from manual work to more complex organization,
logistics, and commercial services, as can be observed in
societies of developed countries in North America and
Europe (Fourastie 1989 [1949]). There is a widespread,
global tendency towards the concentration of populations in
dense agglomerations (UNFPA 2007). However, the trajec-
tory of urbanization in the HKH is unique: unlike in the
European Alps, for example, the HKH is not comprised of a
single or uniform economic space, as multiple national
borders and the regional geopolitical constellation of States
in HKH play an important role.

Temporary and permanent outmigration from the region
with dependencies on foreign remittances is said to be the
highest in the world, due largely to enormous disparities in
wealth (Karki et al. 2012). In contrast, global outdoor tour-
ism induces the growth of urban agglomerations, resorts
towns, and urban infrastructure such as airports. Small and
medium-sized local centres in the hills play a specific and
particularly important role for the peripheries, as they are
privileged places for the introduction of public infrastruc-
ture, health services, and technologies, and also for con-
sumer goods. Tourism can thus introduce a market society
and simultaneously weakens local agrarian society that has
long been based at least partly on subsistence. Both the
internal and external frameworks of HKH societies consti-
tute the drivers for an urbanization that follows a combina-
tion of both global tendencies and HKH specificities.

On the other hand, urbanization is itself also a driver of
change. Existing towns attract people by promising better
livelihoods and income, more individual freedom, and larger
social networks. The functional division of labour allows
cities to create economies of scale (agglomeration econo-
mies) which enables cities to concentrate more economic
wealth. Agglomeration economies allow them to create jobs,
attract reinvestments and remittances, and encourage people
to migrate from the rural hinterlands in search for a better
life. In cities, space is scarce, and this results in higher
buildings made of concrete instead of the locally manufac-
tured brick. Cities change the nutrition regime of the local
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population who use refrigerated, imported food instead of
supplies from local markets. However, the converse also is
possible, and agglomeration diseconomies may occur such
as increasing pollution, congestion, or insecurity. In such
instances, the growth poles may then shift to other
agglomerations (cf. Krugman 1991; Marshall 1890;
Moriconi-Ebrard 1993; Pumain 1999; Richardson 1995;
Storper 1995, among many others).

In order to evaluate and interpret urban development and
urbanization it is important that analysis is not restricted to
just the high altitudes. Quantitative and qualitative analysis
and mapping of the HKH requires the large agglomerations
in the foothills to be included, as these lowland areas are
primary drivers for regional and international exchange,
guarantee accessibility to the mountains, and also attract
people from the mountains. These mountain—lowland link-
ages have become crucial in the mountain ranges of the
developed countries with mountain ranges such as the Alps
(Perlik 2018); they are even more important in mountain
regions where national borders play such critical roles as in
HKH. One very significant observation from the European
Alps is that the lowland—mountain relationship has contin-
uously to be renegotiated. In particular this relationship
defines the demands of the urban population in the lowlands
for specific mountain resources, and the need of the moun-
tain population to be protected against natural hazards as
well as territorial insecurity. These mutual dependencies and
benefits need to be balanced fairly.

In the HKH we see similar spatial processes as in the
mountains of the developed countries of the Global North.
Similar phenomena affect the environment and society, such
as the decline of agricultural subsistence economies as a
consequence of the rapid increase in tourism (Jacquemet
2017) or second home residences (Tiwari and Joshi 2016).
The latter generally are premised on, or require, integration
of mountains in the national and international economy,
increased division of labour, and investments in construction
and infrastructure. Dynamic urban development also is often
observed along international transport routes (for instance
along the Karakoram Highway) (Karrar 2013).

There are, however, two important specificities in the
HKH. The first is the different development trajectory that
has occurred due to the historic path of colonization,
post-colonial constellations, and Cold War geo-strategies in
the Himalaya. The emergence of the states of China, India,
and Pakistan gave rise to the territorialized border regions
and the development of a decentralized infrastructure, as
well as new trade relations. Today, the Himalaya has a new
position as a large hinterland in relation to the hotspots of
globalization with their fast-growing economies. The second
difference is the time lag with which urbanization is intro-
duced or occurs (hysteresis) in the region. As urbanization
takes place in a period of global exchange, where the main
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manufacturing sites of the world have become centralized
outside the mountains, the modern development of mountain
areas is narrowed on leisure, tourism, raw materials, and
water (Perlik 2018). In some places this delay may to a
certain degree prevent some forms or the extent of toxic
pollution in mountains, but it also can enlarge the impacts
from global tourism, hydropower dams, and abandoned
agriculture. Such hysteresis also means that decision centres
even for mountain urban agglomerations are almost entirely
located in the lowlands, where mountains are often seen as
inferior or backward and thus mountain challenges are
aggravated.

While urbanization and urban development in the HKH
can be explained largely on the basis of similar mechanisms
and drivers as seen globally, in the framework of global
change and also considering the consequences of the
regional HKH trajectory along with certain standard urban
patterns (e.g. nation building with a national capital, the
effects of global tourism, abandonment and concentration of
local markets), certain other processes are specific to the
HKH. These include, for example, early forms of territori-
alization with garrisoned armed forces, creation of centres of
international logistics, and the presence and actions of global
development and environmental NGOs. Five functional
urban patterns can be observed in the HKH.

2.4.3.1 National and Regional Capitals

National and some regional capitals follow their own inter-
ests and often compete for status as global cities. They also
are perceived as high-end “Central Places” which hold the
highest functions and services, in the interest and for the
prestige of the whole country. They define national standards
of economic activities and the range of consumer goods
available. They also are the only diversified places in the
frame of urbanization, and they attract all kind of workforces
(from unskilled workers to highly qualified specialists) from
other parts of the country as well as expat populations. As
such, national resources are disproportionally concentrated
in these places. As mountain regions rarely hold such capital
functions, at least on a global scale, they are often at a
relative disadvantage. In the HKH, however, the majority of
national capitals lie within the mountain perimeter. Only
China, India, and Bangladesh have their national capital
outside the mountain ranges, yet China still invests dispro-
portionally in Lhasa and TAR, and India has given Uttar-
akhand the status of a federal state. In Nepal the mountain
part of the country, including Kathmandu, is clearly also
considered more important than the lower-lying plains.

2.4.3.2 New Hotspots of Territorialization

Even small and medium-sized towns may be involved in a
dynamic growth process whereby—whether by chance or
due to the development of new infrastructure—they become
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connected to national and international decision making.
This can be the case when they suddenly find themselves in
the centre of a regional conflict, or as they become centres
for logistics, administration, or a new border crossing. With
the opening of the Karakoram Highway in Pakistan in 1978,
for example, a number of adjacent settlements rapidly gained
significance. The population of the city of Gilgit grew from
18,000 in 1972 to 57,000 in 1998, and together with its rural
hinterlands it has seen a population growth from 145,000 in
1998 to an estimated 222,000 in 2013 (Kreutzmann 1991;
UN-HABITAT 2010). Such numbers are a clear indicator of
a large in-migration that has taken place because of new
infrastructure, and in some instances also due to insecurity
and/or resource degradation elsewhere in the country.
A similar development takes place in cities and settlements
which have become focal points of military deployment or
hubs for logistics and foreign aid. Kunduz, in the foothills of
the Hindu Kush, had about 74,000 inhabitants in the 1960s,
but this grew to 268,893 in 2012 (GoIRA 2015). The city
now hosts troops and services related to troops, ranging from
independent translators to large companies, and it also is a
place for shelter-seeking refugees and NGOs caring for
them. Development strategies to reinforce global tourism
also result in the enlargement or new construction of inter-
national airports (e.g., at Pokhara) (Fort and Adhikari 2018;
Rimal et al. 2015).

2.4.3.3 Old Urbanization with Own Production
Systems

Shimla in Himachal Pradesh was chosen as the capital of
British India during the colonial era because of its milder
climate. Following independence Shimla lost this privileged
status in favour of New Delhi but remained a centre of wool
production. Today it is an important tourist destination. At
present Shimla remains an important city with large hinter-
lands, although with a significantly lower dynamic (143,000
inhabitants in 2001 and 172,000 in 2011) than many other
mountain centres in the region. In the last years Shimla has
become renowned for its touristic qualities for both domestic
and international tourists. The city has remained the critical
mass and a sufficient hinterland to be able for restructuration
during the process of development in India. Such cities are
an example for the long standing impact of defined centres
of power, may be due to economic decision making or due to
political will. They reflect the successful cases while other
towns—today unknown—declined or became integrated in
larger agglomerations.

2.4.3.4 Resort Towns for Tourism and Second
Homes

With the increase in global tourism and the emergence of

urban middle classes in HKH states, resort towns that val-

orise landscape vistas and amenities and the reputation of
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prestigious holidays have developed in mountains. They
offer tourist services including accommodation, guides for
trekking tours, and ropeway infrastructure, and they deliver
ambiance and prestige. Some places serve as locations for
second homes, as in Nainital, Uttarakhand, frequented by
clients from Mumbai and New Delhi as well as from Arab
countries (Tiwari and Joshi 2016). The other type of resort
towns are small cities near the peaks of renowned moun-
tains, used by trekking tourists and national park visitors. In
Joshimath, for instance, the snow resort in nearby Auli
hosted the South Asian Winter Games in 2011.

2.4.3.5 Local Centres

The principal towns of a district or subdistrict mainly serve a
supply function. They are the places of territorialization at
lowest level (for local administration and services) and
provide opportunities for local market exchange. Most local
centres lie in the Himalayan hills but their distribution is
rather uneven (in India they are represented by more than
500 towns, mostly small and medium-sized). Because of
their hilly topography, scope for their expansion is limited
and the accessibility by roads is difficult (Khawas 2007).
With improved accessibility to the plain in the future, the
socio-economic structure of these small towns may change.
Its inhabitants may search for better jobs in the plain and
become out-commuters (and may move definitely) while
peasant farmers might abandon their villages in higher alti-
tudes and move to these small towns for the new jobs and
better services offered. We must also recognize that tempo-
rary outmigration from the hilly zones to the lowlands is
already common practice (Benz 2014; Dame 2015).

The recent urbanization processes not only introduce a
new pattern of spatial use to the mountains; they also
introduce the predominance of a market economy and
powerful economic and social actors from outside. These
socioeconomic and cultural transformations are the most
important factors related to urbanization. The new spatial
pattern of land use in the HKH also has led to adopting the
current urbanization model based on a large-scale functional
division of labour, with a polarization of metropolitan hubs
as centres of decision making and surrounding mountains as
spaces of leisure. This functional cleavage can be seen well
in Uttarakhand, India, where the majority of the territory is
state property. The state is following a business model to
introduce a professionalized tourism sector, with the aim to
attract wealthy foreign tourists to the scenic landscapes of
the Nanda Devi region. The concept is based largely on a
traditional protectionist National Parks model that generally
sees farmers or pastoralists as adversaries to environmental
goals, with the administration attempting to prevent tradi-
tional activities of local communities (Naitthani and Kain-
thola 2015). At the same time, India’s growing needs as an
emerging country have spurred a construction boom
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including river dams to increase the production of hydro
energy, which also is needed for the tourism sector. A con-
centration of activities on developing and operating tourism
resorts and ‘keeping out’ peasant farmers and pastoralists are
both constituent parts of the urbanization process in many
places in the HKH, yet from the perspective of sustainable
development they are both highly problematic. In this
regard, the HKH follows global tendencies, as in Europe and
the USA, only considerably delayed (Moss and Glorioso
2014; Perlik 2011). Rural mountain economies are squeezed
out in favour of leisure and residences.

2.5 Conclusions

Changes driven by various forces in the HKH are creating
constraints as well as new opportunities for sustainable
development. We found that environmental and socioeco-
nomic changes in the HKH are driven by a network of
interactions among a range of factors or forces. Although
some of the elements of these networks are global (e.g.,
climate change, IAS, globalization, advancement of science
and technology) or regional (e.g., pollution, migration), the
actual set of interactions that brings about change is more or
less specific to each place and related to particular mountain
ecosystems or trans-boundary landscapes. There is thus a
great spatial diversity amongst drivers of change and their
impacts. Considering the entire HKH, rapid demographic
change and weak governance systems associated with eco-
nomic growth and climate change, followed by increasing
LULCC, and over-exploitation of natural resources, have
had the greatest overall impact on the sustainability of
mountain areas (see Table 2.1). At the same time, most of
the drivers discussed above are currently increasing in
intensity and this trend will continue in the near future.

In the HKH many challenges for sustainability are related
to increasing demands on natural resources, which lead to
further environmental degradation, unregulated urbanization
and infrastructural development, and loss of traditional cul-
ture. Both endogenous economic growth and global demands
on tangible and intangible mountain products are leading to
increased and selective consumption of mountain resources.
The transformation from subsistence economies to
market-driven economies leads to temporary or permanent
emigration to emerging economies abroad which absorb the
mainly male workforce while women are overburdened in
mountain villages. Spatially this results in a degradation of
the cultivated landscape. Extraction of natural resources and
establishment of intensive agriculture and plantations are
altering the extent and species composition of natural vege-
tation and reshaping the rural landscape. Growing remittance
flows to family members at home, raising their purchasing
power, and the general search for a better livelihood are
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Table 2.1 Level of influence of key drivers of change in the Hindu Kush Himalaya on three pillars of sustainability

Drivers within three categories

Land use and land cover change

Over-exploitation of natural resources

Pollution

Invasive alien species

[EUdWUOITAUT]

Mountain hazards

Climate change and variability

Demographic changes

Sociocultural changes

Governance systems and institutions

[EAM[N20190§

Technological implementation

Economic growth and differentiation

Infrastructure development

SIOU0d7

Environmental
protection

Urban expansion

Three pillars of sustainability
Sociocultural Economic Value
equity viability

— 8

Vd 8

— 7 6

— 7 6

— 7 7 6
9

9

— Vi 6
9

7 7 6
8

7 7
7 7

Value of influence: high: 3, medium: 2, low: 1
Trend change: / increase, — stable, v decrease

Note: Level of influence: Red: -, orange: ;, yellow: low;

placing greater demands on local resources as well as
imported goods. Increasing levels of international or inter-
regional trade increase transport flows and introduce global
products which generate huge external diseconomies (for
instance, refrigeration, waste treatment, and sewage). At the
same time they destroy traditional value chains of local
agricultural products and crafts. Addressing these problems
will require policy and action at local, national, and inter-
national levels, including common action among HKH states.

However, a range of opportunities also lies in the
improving connectivity, including transportation and com-
munication (which increase access to information), partner-
ships, and markets. Road network development is currently
expanding accessibility, and international investment in
agriculture and forestry in remote areas is driving new trends
in rural economic activity. Enhanced access to health and
education may be enabled and strengthened by economic
growth and the advancement of science and technology.
Additionally, a growing network of local urban centres may
support the transmission of new prosperity to rural popula-
tions, as the development of mountain towns and cities may
help—besides their mere economic power—to enhance the
political influence of these regions within the national states.

While the drivers of change continue to demand indi-
vidual identification and analysis, the complexity of their

interactions also calls for a more comprehensive and inte-
grated strategy to be adopted, such as promoting trans-
boundary cooperation, and encouraging the development of
mountain-specific responses by government policy makers.
Horizontal analysis of policies and their anticipated impacts,
whereby each sector is assessed in light not only of its own
priority goals but also those of other sectors, is highly rec-
ommended (Foggin and Phillips 2013). Furthermore,
advances in knowledge and rapid access to new technology
are growing with the influence of globalization. As access to
global services improves, the mountain specification of
‘inaccessibility” will change to a certain extent. This will, in
turn change the demand for specific ecosystem services, and
enhance the capacities of local communities to adapt to
global change. New financing mechanisms for climate
change mitigation and infrastructure development equally
offer valuable opportunities for increased investment in
mountain regions. Thus, both proximate and ultimate drivers
of change must be recognized and incorporated into more
comprehensive concepts of development and approaches to
development planning.

It has been recognized that an overall transition of
mountain systems is taking place in the HKH. Growing
global awareness about environment and society has sig-
nalled further modification in the stimulus for improved
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resource governance and institutional reform in the region.
Sociocultural changes, infrastructure improvement, and
technological implementation are also helping to pave the
way for changes in mountain development, especially in
remote high-altitude areas. People in the HKH are trying to
mitigate the negative impacts of drivers or manage some
drivers through more targeted, integrated, and collaborative
actions. What is needed at present is a better understanding
of changes and interactions, and of resulting trade-offs
among different drivers, and enhanced regional interaction
and coordination between upstream and downstream
regions, populations, and decision-makers. Greater partici-
pation of local actors as well as high level transnational
cooperation are both necessary to cope with current and
potential conflicts and to collaboratively seek and develop
viable opportunities for sociocultural, economic, and envi-
ronmental improvements in the HKH in the future.
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Chapter Overview

Key Findings

1. In the future, even if global warming is kept to
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2. For the past five to six decades, the HKH have
shown a rising trend of extreme warm events; a
falling trend of extreme cold events; and a rising

1.5 °C, warming in the Hindu Kush Himalaya
(HKH) region will likely be at least 0.3 °C
higher, and in the northwest Himalaya and
Karakoram at least 0.7 °C higher. Such large
warming could trigger a multitude of biophysical
and socio-economic impacts, such as biodiversity
loss, increased glacial melting, and less predictable
water availability—all of which will impact
livelihoods and well-being in the HKH. The HKH
has seen significant warming in the past decades
nearly equal to the global average. Elevation
Dependent Warming is widely observed in the
region in past as well as future projections.

trend in extreme values and frequencies of
temperature-based indices (both minimum and
maximum). The number of cold nights reduced by
1 night per decade and the number of cold days
reduced by 0.5 days per decade, while the number
of warm nights increased by 1.7 nights per decade
and number of warm days increased by 1.2 days
per decade. These changes in extremes will con-
tinue and pose even more acute challenges to
adaptation.

. The HKH is experiencing increasing variability

in western disturbances and a higher probabil-
ity of snowfall in the Karakoram and western
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Himalaya, changes that will likely contribute to
increases in glacier mass in those areas. This
finding runs counter to many expectations in the
scientific community, and more research is needed
to understand the reasons for this and its potential
future implications.

4. Consensus among models for the HKH region is
weak—a result of the region’s complex topog-
raphy and the coarse resolution of global cli-
mate models. To improve evidence-based
adaptation, improved climate models and down-
scaling strategies capable of capturing changes in
extreme events are essential.

Policy Messages

1. More robust climate change analysis and
adaptation planning will not be possible without
improved long-term hydrometeorological mon-
itoring in the HKH. High-altitude areas of the
HKH lack long-term observational data, and the
available data suffer from large inconsistencies and
from high inhomogeneity. Systematic bias is also
present through the urbanization effect on meteo-
rological observations, and through the wind effect
on precipitation observations.

2. For accurate cryospheric projections, more
reliable projections of elevation-dependent
warming are crucial. Although the evidence for
elevation-dependent warming in the HKH is
strong, the precise mechanisms underlying this
phenomenon involve multiple feedbacks, such as
snow-albedo interactions, water vapor—cloud—
radiation interactions, aerosol forcing, and warrant
further research.

3. Policies and planning should focus on improved
disaster warning systems, management and
mitigation measures to address hydrometeoro-
logical extremes. This should include better
understanding of hazard and risk, end-to-end
monitoring and early warning and response
systems.

Historically, the climate of the HKH has experienced sig-
nificant changes that are closely related to the rise and fall of
regional cultures and civilizations. Studies show well-
established evidence that climate drivers of tropical and
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extra-tropical origin—such as the El Nifio-Southern Oscil-
lation (ENSO), the North Atlantic Oscillation (NAQO), Indian
Ocean Dipole (IOD), the Madden-Julian Oscillation (MJO),
and the Arctic Oscillation (AO)—influence the region’s
weather and climate on multiple spatio-temporal scales.'

Although the climate of the HKH has changed signifi-
cantly in the past, it is projected to change more dramatically
in the near future. It is well-established that the warming in
the Tibetan Plateau (TP) has been comparable in magnitude
to the averages for the Northern Hemisphere and the same
latitudinal zone. This regional warming continued even dur-
ing the global warming hiatus—the period between 1998 and
2014 when global warming appeared to have slowed down.

Generally, from the last century through the beginning of
the current one, the HKH has experienced warming from
1901 to 1940; cooling from 1940 to 1970; and warming
from 1970 to the present. From 1901 to 2014, annual mean
surface air temperature significantly increased in the HKH,
at a rate of about 0.10 °C per decade—while the warming
rate over the last 50 years has been 0.2 °C per decade
(p > 0.05). Well-established evidence suggests that extreme
indices in the region have also changed over this period:
occurrences of extreme cold days and nights have declined
(days by 0.85 days per decade, nights by 2.40 days per
decade), while occurrences of extreme warm days and nights
have increased (days by 1.26 days per decade, nights by
2.54 days per decade). Warm nights have increased
throughout the region, and extreme absolute temperature
indices have changed significantly. Frost days show a sig-
nificant declining trend in most parts of northern India and
the TP. The length of the growing season has increased by
4.25 days per decade—a positive change for agriculture
(p > 0.05). Observed precipitation trends over the HKH
during last five decades are inconclusive.

Evidence exists in the HKH for elevation-dependent
warming (EDW), especially in the TP and its surrounding
regions (well-established). The EDW phenomenon has been
reported previously by several studies. However, the driving
mechanisms of EDW are inconclusive. These mechanisms
call for further investigation—in part because EDW can
illuminate cryosphere dynamics, and in part also because
EDW makes current efforts to contain global warming all the
more important for the HKH. Conference of the Parties
(COP21) in Paris in December 2015 agreed to take steps
towards limiting the global mean annual surface air tem-
perature increase to well below 2.0 °C above pre-industrial
levels, and to pursue efforts towards a target of 1.5 °C. By
the end of the century, if average global warming is limited
to 1.5 °C above the pre-industrial period, the HKH will
warm by 1.80 £ 0.40 °C.

hitp://www.climate.rocksea.org/research/indian-ocean-warming/.
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While the precipitation trends for the HKH are estab-
lished but inconclusive over the past century, with some
analyses showing that total and extreme precipitation has
increased overall over the last five decades, intense precip-
itation has changed markedly since 1961: rising trends
appear in the intensity of annual intense precipitation and
also in the frequency of annual intense precipitation day.

Ensemble outputs from the Coordinated Regional
Downscaling Experiment (CORDEX) models project sig-
nificant warming over the HKH region in the future (well-
established). In the near term (2036-2065), the region is
projected to warm by 1.7-2.4 °C for representative con-
centration pathway 4.5 (RCP4.5) and 2.3-3.2 °C for
RCP8.5. In the long term (2066-2095), regional warming is
projected to be 2.2-3.3 °C for RCP4.5 and 4.2-6.5 °C for
RCP8.5. Increased warming during the winters is also pro-
jected. Warming during the winters is projected to warm
relatively more. While the Coupled Model Intercomparison
Project 5 (CMIP5) general circulation models (GCM) pro-
jections differ from (CORDEX) projections in magnitude,
they do agree on trends. The TP, the central Himalayan
Range, and the Karakoram will see a rise in temperature
higher than average of the HKH. It is expected that EDW is
projected to continue (well-established).

Most scenarios predict that an increase in precipitation is
likely (established but inconclusive). Monsoon precipitation
is projected to increase by 4—12% in the near future and by
4-25% in the long term. Winter precipitation is projected to
increase by 7-15% in the Karakoram, but to decline slightly
in the Central Himalaya.

Results on future precipitation extremes are inconclusive,
across studies and across the region. Increasing precipitation
extremes have been projected for the Indus basin, the TP,
and the Eastern Himalaya. Increases are also expected in
extreme temperatures, in tropical nights, and in the length of
the growing season.

Despite the evidence outlined above and throughout this
chapter, analyses of past trends are subject to uncertainty
because of limitations in what has been observed. One of the
sources of uncertainty comes from urbanization, which has
caused a systematic bias in historical temperature data (ob-
servation sites may be located in urban areas or be engulfed
by them as settlements expand). Besides global warming,
other regional forcing elements like anthropogenic aerosols
and land-use changes appear to have influenced the South
Asian monsoon precipitation variations during the
post-1950s. Many multi-model projections agree on the
direction of future climactic and weather changes; never-
theless, differences appear in the magnitude of the changes
and in their spatial distribution. There are also inherent
challenges in accurately capturing monsoon precipitation
variations in climate models over the HKH region, because
of the strong internal dynamics associated with precipitation
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processes (e.g., aerosol-cloud-radiation interactions, con-
vective and cloud microphysical processes, representation of
atmosphere-land-ocean coupling, among others) and the
complexities in representing multi-scale interactions.

Climate Change and Sustainable Development
Goals

The aim of SDG 13 is to “take urgent action to combat
climate change and its impact.” Strengthening resi-
lience and adaptive capacity to climate-related hazards
and natural disasters in all countries and integrating
climate change measures into national policies,
strategies and planning are two major targets of SDG
13. By understanding the past and potential future of
climate change in the HKH—on the basis of robust
scientific analysis—we can better comprehend the
region’s present and future risks. Our finding that the
warming in the HKH region in the future will be
greater than the global average warming supports the
need to take urgent action. We can more effectively
support HKH countries, helping them strengthen
resilience and adaptive capacity in the face of
climate-related hazards and natural disasters. And we
can integrate climate change adaptation measures into
national policies, strategies, and plans. It will help in
achieving the HKH relevant target on integrating
mountain-specific climate change measures into
national policies, strategies, and planning.

3.1 Our Understanding of the HKH Climate

Needs to Be Improved

The Himalayan climate is mostly alpine but varies signifi-
cantly with elevation from snow-capped higher elevations to
tropical/subtropical climates at lower elevations, and varied
vegetation exists over the HKH. Climatically, the HKH play
an important role in global weather patterns. They serve as a
heat source in summer and heat sink in winter (Wu and
Zhang 1998; Yanai et al. 1992; Yanai and Li 1994; Ye
1981). The HKH, together with the elevated TP, exert sig-
nificant influence on the Asian summer monsoon system
(Nan et al. 2009; Wu et al. 2004; Zhou et al. 2009).

The Himalaya are sensitive to climate change and vari-
ability (Shrestha and Aryal 2011; Xu et al. 2008). Most of
the warming observed during the last few decades of the
20™ century is attributed to the increase in anthropogenic
greenhouse gas (GHG) concentrations (IPCC 2007, 2013;
You et al. 2017). With increased emission of anthropogenic
GHG, the cryosphere processes—coupled with the
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hydrological regimes of this region—are under stress from a
warming climate (see Chaps. 7 and 8). Increased temperature
causes more evaporation, leading to increased atmospheric
moisture content, thus bringing changes in future spatial and
temporal precipitation patterns. This can adversely affect the
supply of water to humans and agriculture, especially in the
dry season. Localized weather events over the complex
topography of the HKH pose a greater risk because of
cloudbursts, flash floods, snowstorms, high winds, and
landslides in the region (See Chap. 11). More frequent
flood-inducing rain occurrences at higher altitudes can
accelerate glacier melting and flood discharge, thus posing
major risks of disasters in the region. Furthermore, changes
in water flow regimes have implications for hydropower
generation, biodiversity systems/forestry, and the agricul-
ture- and natural resources-based livelihoods of the HKH
(see Chaps. 5, 8, and 9). Climate change can have profound
consequences for mountain agriculture, agrobiodiversity,
and resilience of crop diseases, since many crop species in
the HKH—namely wheat, rice, and soybeans—are sensitive
to increasing levels of heat-trapping GHG (e.g., Chap. 9;
Hoffmann 2013; Porter et al. 2014).

Intense monsoon rainfall in northern India and western
Nepal in 2013, which led to landslides and one of the worst
floods in history, has been linked to increased loading of
GHG and aerosols (Cho et al. 2016). Winter precipitation in
the HKH is brought about by synoptic weather disturbances
moving from west to east. The passage of the disturbances is
directed by a westerly jet stream, which is blocked by the
HKH-TP; therefore, winter snowfall is concentrated in the
western side of the region (Hasson et al. 2014). Further to
the east the jet stream is located south of the Himalaya in

Fig. 3.1 RegCM4 elevation (in

winter. Several years of drought conditions in western Nepal
since 2000, which culminated in severe drought during
2008-09, have been related to natural variability and
anthropogenic influences (Wang et al. 2013).

Robust estimates of the observed variability and
long-term changes in climate over the HKH are inadequate
owing to sparse and discontinuous observations (Ren and
Shrestha 2017). Further, reliable projections of climate over
the HKH are crucial for assessment of the impacts of climate
change. While people in the region are adapting autono-
mously to current stresses, each country in the HKH must
design and implement effective strategies to adapt to climate
change impact to achieve economic and social progress.
Adapting to long- and short-term climate-related problems
requires a thorough understanding of climate changes in the
past and possible changes in the future (You et al. 2017).
This chapter presents a broad overview of weather and cli-
mate elements pertaining to the HKH, focusing more
specifically on the linkage of large-scale drivers to climate
variability in the HKH, past and present regional climate
variations, and likely projections of future regional climate
using high-resolution regional climate models that are cap-
able of resolving the Himalayan topography. While this
chapter takes stock of previous studies, the major part of the
chapter is based on original analysis, as studies in the HKH
domain (Fig. 3.1), as identified by the Hindu Kush Hima-
layan Monitoring and Assessment Programme (HIMAP)
(Sharma et al. 2016), have not been conducted in the past.
A concluding section synthesizes major gap areas and future
directions for diverse and multidisciplinary solutions for
climate change impact in the HKH. During the development
of this chapter, the authors published seven articles based on

40N
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the original analysis (Rajbhandari et al. 2017; Ren et al.
2017; Sanjay et al. 2017b; Sun et al. 2017b; Wu et al. 2017,
You et al. 2017; Zhan et al. 2017).

3.2 Weather and Climate Mean Conditions
in the HKH

3.2.1 Major Features of Climatology:

Topographic Control, Seasons, and Liquid

and Solid Precipitation

Topographic variations, the annual cycle of seasons, and
variability of weather patterns have strong controls on the
spatial pattern of temperatures across different geographic
regions of the HKH. While the average summer and winter
temperatures are about 30 and 18 °C in the southern foot-
hills, the middle Himalayan valleys experience mean sum-
mer temperatures between 15 and 25 °C and very cold
winters. Regions having elevations above 4800 m experi-
ence winter temperatures below freezing point and receive
precipitation largely in the form of snow. The mean
end-of-summer regional snow line altitude (SLA) zones in
the upper Indus Basin of Pakistan range from 3000 to
5000 m a.s.l. (Hasson et al. 2014). Records of observed
surface temperature from Pakistani stations in the elevated
Karakoram indicate that the average maximum temperature
is about 20 °C during July and the average minimum tem-
perature is about —3 °C in February (Kapnick et al. 2014).
The regions of Ladakh and Zanskar, situated on the northern
flank of the Himalayan range, experience dry conditions,
with surface temperatures between 3 and 35 °C in summer
and between —20 and —35 °C in winter with accompanying
heavy winter snowfall, thus amounting to average annual
rainfall of a few centimetres. Hill stations of the western
Himalaya like Shimla, Kullu Valley, Kangra, and Chamba;
some regions in Uttaranchal such as Kumaon and Garhwal,
and areas like Darjeeling and Sikkim in the eastern HKH,
largely experience the Indian summer monsoon precipita-
tion. Thus, the Himalayan climate exhibits diverse geo-
graphical variability, which is closely linked to the varying
topographic distribution of the region (Bookhagen and
Burbank 2006).

The bulk of precipitation from the southwestern Indian
summer monsoon, falling as frozen precipitation at higher
elevations and liquid precipitation at lower elevations and
adjacent plains of the Himalaya, constitutes an important
ingredient of the major Himalayan river basins and asso-
ciated hydrological cycle. From the sparse rain gauge net-
work, the southern slopes of the Himalaya typically
experienced large annual precipitation totals as high as
400 cm yr~ ! during the period of 1998-2007 (Bookhagen
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and Burbank 2010). The contributions of summer and winter
monsoon circulation is not evenly distributed over the
Himalaya, the summer (winter) rainfall is typically the
greatest contributor over the southeastern (northwestern) part
of the HKH. Monsoon precipitation is found to be the highest
over the Siwalik and Pir Panjal ranges of the lower Himalaya,
while it reduces northwards into the high Himalaya, Zanskar,
Ladakh, and Karakoram ranges. Rainfall estimates from the
Tropical Rainfall Measurement Mission (TRMM) satellite
reveal two distinct bands of high rainfall that stretch parallel
over the length of the HKH: (1) along the southern margin of
the Lesser Himalaya; and (2) along the southern flank of the
HKH (Bookhagen and Burbank 2006). Heavy rainfall in the
HKH during summer is often associated with west—
northwestward-passing synoptic-scale monsoon
low-pressure systems and depressions and their interactions
with the subtropical westerly winds (e.g., Vellore et al. 2015),
as well as during break-monsoon situations (e.g., Dhar et al.
1984; Rao 1976; Vellore et al. 2014). Flooding in the
mountainous Himalaya and adjacent low-relief areas is gen-
erally attributed to heavy or extreme rainfall events associ-
ated with synoptic climate patterns (e.g., Shrestha 2008a).

The western side of the Karakoram Himalaya is prone to
large amounts of snowfall in winter from frequent passage of
extra-tropical synoptic-scale disturbances known as the
western disturbances, emanating from the upper tropospheric
westerlies (e.g., Dimri et al. 2015; Madhura et al. 2015; see
Box 3.1). Studies have found that teleconnection related to
flood events—for example, the Pakistan flood of 2010 and
the Russian drought at the same time—is caused by a
standing Rossby wave (e.g., Lau and Kim 2012). More than
80% of annual precipitation in the central-eastern part of the
Himalaya is from the summer monsoon. Thus, precipitation
over the Himalayan river basins is highly variable, and the
annual mean precipitation over the Indus, the Ganges, and
the Brahmaputra river basins is estimated as 435, 1094, and
2143 mm, respectively (Nepal and Shrestha 2015).

3.2.2 Climate Dominated by Monsoon

The monsoon climate over much of South Asia is domi-
nated by seasonal reversing winds that carry moist air over
the Indian Ocean into South Asia during the northern
hemisphere summer; whereas cool and dry winds blow
southward from the Asian continent towards the Indian
Ocean during the winter months. The presence of the HKH
topographic barrier restricts upper-level subtropical westerly
winds to latitudes poleward of 30° N during the boreal
summer months, thus allowing warm and moist summer
monsoon circulation to extend northward into the Indian
subcontinent. The onset of southwest summer monsoon
rains over northeastern India typically occurs around 6 June
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and later advances towards Bhutan and Nepal. The summer
monsoon rains last for more than 4 months over the HKH
region and typically withdraw from northeastern India round
15 October (Singh and Ranade 2010). On the other hand, the
northern and northwestern regions of India experience the
onset and withdrawal of summer monsoon rains typically
around 8 July and 19 September, respectively (Singh and
Ranade 2010). Thus, the length of the summer monsoon
rainy season is significantly longer in the eastern Himalaya
as compared to the western Himalaya (Shrestha et al. 2008a).

Summer monsoon precipitation over the Gangetic Valley
and along the southern slopes of the Himalaya is strongly
influenced by the mean position of the monsoon trough.
When the monsoon depressions formed over the Bay of
Bengal travel in a west—northwestward direction, precipita-
tion is distributed across the Indian landmass (Rao 1976).
During “breaks” in the Indian summer monsoon (i.e., shifting
of the monsoon trough towards the southern slope of the
Himalaya), the central and eastern Himalaya often experience
heavy precipitation together with flooding in the Brahma-
putra and its tributaries (Dhar et al. 1984; Vellore et al. 2014),
while the plains of the Indian subcontinent suffer deficit
rainfall (e.g., Krishnan et al. 2000, 2006, 2009; Rajeevan
et al. 2010; Ramamurthy 1969). The monsoon heat low that
forms over the northwestern parts of India and Pakistan
during the summer plays an important role in the modifica-
tion of monsoon rainfall over the northwestern parts of the
HKH. The eastward-propagating upper-level mid-latitude
systems associated with global teleconnection influence the
monsoon heat low and associated rainfall over the north-
western HKH and Karakoram region during the summer
(Saeed et al. 2010, 2011). While local factors as well as
global teleconnections influence the strength of the summer
monsoon circulation, rainfall predictions over the HKH
beyond a few days are challenging. Intense or extreme
rainfall in the HKH is influenced by orographic effects,
synoptic scale systems, monsoon convection, and also by a
combination of monsoon and extratropical circulation inter-
actions (e.g., Bookhagen and Burbank 2010; Houze et al.
2007, 2011; Medina et al. 2010; Vellore et al. 2014, 2015).

Box 3.1 Westerly disturbance and its linkage
with agriculture and glacier dynamics

Winter precipitation in the Himalaya is predominantly
from synoptic weather systems known as western dis-
turbances, which propagate eastward from the
Mediterranean region (Dimri et al. 2015; Dimri and
Chevuturi 2016; Hasson et al. 2014; Madhura et al.
2015). The western disturbances are large-amplitude
wave disturbances that travel along the subtropical
westerly jet stream and influence HKH precipitation
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during winter and early spring. Annual winter snowfall
amounts are seen to range from a few hundred to several
hundreds of centimetres at different elevations, with the
maximum over the Karakoram. The western distur-
bances also significantly impact temperature patterns of
the Himalaya besides precipitation. The winter climate
conditions over the HKH are favourable for cultivation
of wheat and other winter crops. The changes in the
westerly disturbance are also believed to increase the
mass of some glaciers in the Karakoram and western
Himalaya, popularly known as the “Karakoram Ano-
maly” (e.g., Forsythe et al. 2017; Hewitt 2005), which is
likely to continue into the future (e.g., Ridley et al.
2013; Krishnan et al. 2018; see Chap. 7).

3.2.3 Climate Influenced by Large-Scale Climate
Elements

Recent studies highlight the role of climate drivers of both
tropical and extra-tropical origin in influencing the
weather and climate of the HKH on multiple
spatio-temporal scales. Examples of such climate drivers are
El Nifio-Southern Oscillation? (ENSO), North Atlantic
Oscillation® (NAO), Madden—Julian Oscillation* (MJO),
Arctic Oscillation,’ Indian Ocean dipole,6 and Indian Ocean
warm pool’ (e.g., Barlow et al. 2005; Bhutiyani et al. 2009;
Cannon et al. 2015, 2017; Yadav et al. 2009, 2010). Sig-
nificant positive correlations have been identified between
NAO and precipitation variability over the Karakoram
Himalaya during winter (Archer and Fowler 2004), which
are often mediated through the activity of western distur-
bances (Cannon et al. 2015; Dimri and Chevuturi 2016;
Hasson et al. 2014). Likewise, anomalous westward shifts of
the summer Pacific anticyclone during La Nifia® episodes
can be critical to severe precipitation activity over the
Indo-Pakistani mountainous areas (Mujumdar et al. 2012),
besides the classical pathway of ENSO-monsoon telecon-
nections through the equatorial Walker circulation (Krishna
Kumar et al. 2006).

Despite the studies mentioned above, there is considerable
ambiguity about how the HKH would respond to background

Zhttps://iridl.1deo.columbia.edu/maproom/ENSO/ENSO_Info.html.
3http://www.ldeo.columbiaLedu/res/pi/N AO/.
4http://Www.cpc.ncep.noaa. gov/products/precip/CWlink/MJO/MJO_
1page_factsheet.pdf.

5https://www.ncdc.noaal. gov/teleconnections/ao/.
Shttp://www.bom.gov.au/climate/enso/history/In-2010-12/I0D-what.
shtml.
7http://www.climatexrocksea.org/research/indian—ocean—warming/ .
8http://www.pmel.noaa.gov/elnino/what-is-la-nina.
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http://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/MJO_1page_factsheet.pdf
http://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/MJO_1page_factsheet.pdf
https://www.ncdc.noaa.gov/teleconnections/ao/
http://www.bom.gov.au/climate/enso/history/ln-2010-12/IOD-what.shtml
http://www.bom.gov.au/climate/enso/history/ln-2010-12/IOD-what.shtml
http://www.climate.rocksea.org/research/indian-ocean-warming/
http://www.pmel.noaa.gov/elnino/what-is-la-nina
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changes in large-scale circulation in a warming environment,
especially given the spatially heterogeneous temperature
increase during recent decades. Several studies have docu-
mented the elevation dependency of the climate warming
signal which gives rise to pronounced warming at higher
elevations rather than at lower elevations (see Diaz and
Bradley 1997; Duan et al. 2006; Liu and Chen 2000; Liu et al.
2009a; Shrestha et al. 1999; Thompson et al. 2003). Obser-
vations indicate that the annual-mean and winter-mean tem-
peratures at high elevation sites (>2,000 m) of the eastern TP
have increased at a rate of about 0.42 °C per decade and 0.61
°C per decade, respectively, during 1961-2006. On the other
hand, the low-elevation sites (<500 m) have warmed at a rate
of about 0.2 °C per decade during the same period (Liu et al.
2009a). Those trends are significant at 0.001 level.

Madhura et al. (2015) recently reported that the observed
pattern of a mid-tropospheric warming trend over west—
central Asia in recent decades has consequences for the
increasing variability of western disturbances and a higher
propensity for heavy winter precipitation events over the
western Himalaya. The implications of the climate warming
signal on the hydrological cycle of the HKH are not yet
adequately clear. In contrast to many places across the globe
which have experienced decreases in snowfall amounts and
glacial extent during recent decades, the Karakoram Hima-
laya appear to have slightly gained glacial mass in the early
21st century (see Gardelle et al. 2012; Hewitt 2005). Climate
model simulations indicate that changes in winter frozen
precipitation over the Karakoram Himalaya appear to shield
this region from glacier thickness losses under a warming
climate (Kééb et al. 2015; Kapnick et al. 2014). The changes
in the westerly disturbance is also attributed to an increase in
the mass of some glaciers in the Karakoram and western
Himalaya (Forsythe et al. 2017).

3.3 Past HKH Climate Changes Were
at Decadal to Greater Than
Multi-millennial Time Scales

Box 3.2 Paleoclimate of the HKH: climate was
always changing

Knowledge of the paleoclimate is important to find-
ing a climate analogy in the past and understanding
causal relationships, which can help in understand-
ing and planning for the future (USGS 2010). The
climate of HKH has always been changing. Paleo-
climate in the HKH has been inferred from limited
proxy sources such as ice cores, tree rings, lake sedi-
ments, peats, and cave sediments within the region, as
well as from land- and marine-based proxy sources
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outside the region. There is general consensus that the
Asian monsoon was established around 23-7 Ma
before present (BP) and is related to the tectonics of
the region (Singhvi and Krishnan 2014). Since then,
both the precipitation and thermal regimes of 