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Abstract

With 22% global land surface area, the mountains ecosystem is home to 13%
of the total human populations. Evolved as a unique ecosystem, the mountain
adds value with diverse ecosystems; tradition and culture as well as ecosys-
tem services for socio-economic development in the mountain areas and
beyond. As it caters half of the humanity with its diverse types of ecosystem
services, the realization of its significance are still limited in national, regional
and global discourses. In the conservation front, there has been a significant
progress in the concept and practices from species focussed interventions to
habitat and ecosystem/landscape conservation approaches. The Hindu Kush
Himalaya (HKH), known as the highest mountain ecosystems in the world is
also the water tower for the region often referred as the third pole. This unique
ecosystem is an important repository of biological and cultural diversities and
source of varied ecosystems services to 240 million people living within and
about a one third of global population living downstream. The region has
been in spotlight for being part of the 36 ‘Global Biodiversity Hotspot’ as
well as climate change hotspot. However, our understanding the dynamics of
changing landscapes and climate and its linkage to people, mostly challenged
by poverty are limited. International Centre for Integrated Mountain Devel-
opment (ICIMOD), an inter-governmental regional knowledge and enabling
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centre, has been instrumental in developing knowledge about the dynam-
ics of these fragile ecosystems and support its regional member countries
through science based integrated approaches. Since its inception, ICIMOD
has been engaged in developing knowledge and supporting policies for moun-
tain development focusing on socio-economic, ecological and environmental
dimensions. In this paper, we present the retrospect of our understanding
and learnings in the HKH through transboundary landscape management
and regional cooperation mostly focused on conservation of biodiversity and
ecosystem services perspectives. The paper reflects on changing paradigm
and complex process for strengthening regional cooperation in the HKH.

Keywords: Mountains, Global Biodiversity Hotspot, Landscape approach,
Regional Cooperation.

1 Introduction

With 22% coverage of terrestrial land surface and home to 13% global
population, the mountains ecosystems are unique (FAO 2015). Due to the
extreme variations in biophysical system such as elevation, slope and aspects,
the mountains possesses diverse microclimate resulting to variations in veg-
etation and ecological conditions (Antonelli et al. 2018; Huang et al. 2019).
This biophysical diversity adds high biodiversity, often with sharp transitions
between the ecosystems or ecotones along with vegetation pattern, soil qual-
ity to permafrost in the form of snow and ice (Rahbek et al. 2019). In the
recent time, it has also been realized that the climate and land use pattern
have also enriched biodiversity in the mountain ecosystems (Peters et al.
2019). Due to its complex and diverse conditions mountain ecosystems are
blessed with endemic species, because many species are compartmentalized
due to elevations between high and lowland communities that occupy climatic
niches spread over wider latitudinal belts (Kornor and Sphen 2019). At
present, half of the 36 Global Biodiversity Hotspots are in the mountains mak-
ing it important for global community (Perrigo et al. 2020). Thus, they are the
last stronghold of wilderness areas among the widely transformed habitats
and provide a number of very important ecological functions (Hamilton
2002).

The biodiversity and ecosystem services from the mountains contribute
to half of the global population for their wellbeing living in the mountains
and downstream (Sharma et al. 2019). In addition, the rich biodiversity
and intact forests in the mountain helps in other functions such as soil
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stabilization in the headwaters, control flooding, and provide continuous
flows ecosystem services including feeding through springshed into under-
water aquifers. Due to such important functions, the mountains are often
referred as ‘water towers’, which are the lifeline for maintaining densely
populated downstream (Sharma et al. 2019). There are evidences that even the
prehistoric civilization including hunters and gatherers preferred mountains
due to abundance of plant and animal diversity, water, wild edibles, shelter
and conditions favorable for self-defense (Krylovick et al. 2019). However,
the fragile mountain ecosystems are facing numerous challenges. The human
induced pressure through over exploitation and land use change are leading to
habitat degradation, fragmentation, enabling niche for invasive species which
are the major drivers of biodiversity loss (Xu et al. 2019). Climate change,
which is reported to be higher in rate due to elevation dependent wraming
in the mountains is expected to be a major driver in the 21st century, with
strong implications on fragile ecosystems of the mountains (Parmesan 2006;
Aukema et al. 2017). Therefore, it is imperative to plan for interventions that
minimizes further damage on these critically important ecosystem and ensure
wellbeing of 85% of dependent local community (Palomo 2017; Xu et al.
2019).

The Hindu Kush Himalaya (HKH), the working area of the International
Centre for Integrated Mountain Development (ICIMOD), is one of the most
dynamic regions with rich biodiversity (Sharma et al. 2019, Figure 1). Owing
to the diversity of ecosystem due to elevation and soil formation, the HKH
vegetation are rich in unique flora and fauna with high endemism (Xu et al.
2019). However, HKH is also loosing species with extinction from some
of the prominent drivers of change such as land use change, pollution and
climate change (Chettri and Sharma 2016). The resources in the HKH are
declining due to lack of incentive to the local communities for conserving
biodiversity and water resources. The aspiration of economic development
is slowly being compromised with the fragile ecosystems leading to loss
of biodiversity and increasing the vulnerability. There are evidences that
even some protected areas (PAs) are not spared and face human pressures
from and communities living inside as well as outside (Gurung et al. 2019).
Supported by ten major rivers, the HKH in an important sources for vital
ecosystem services such as water for the region and the downstream basins
for hydropower, water supply, agriculture, and tourism — supporting economy
of the countries within the region and downstream. It is worth noting that
during 2009/2010, Bhutan generates 16.3% revenue from hydropower to the
nominal gross domestic product (GDP) or 39% in terms of total exports
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Figure 1 The Hindu Kush Himalaya and the river basins.

(RMA, 2011). This paper highlights the importance of HKH for biodiversity,
ecosystem services and emerging challenges and drivers of change and also
share some interventions, opportunities to build social-ecological resilience
in the region for sustainable future along with learnings.

2 Hindu Kush Himalaya — The Significance

Covering more than 4.3 million km? across Afghanistan, Bangladesh,
Bhutan, China, India, Myanmar, Nepal, and Pakistan, the HKH is character-
ized rich biodiversity, cultural diversity along with some of the most complex
terrain (Xu et al. 2019). Driven by plate tectonics, the mountains of the HKH
have been blessed with altitudinal and soil variation giving rise to diverse
micro climates and ecological gradients. The HKH is the youngest and one
of the most diverse ecosystems among the global mountain ecosystems.
Variations are observed across the elevation resulting to change of vegetation
from tropical to alpine in a short distance (see Figure 2). Such variations
are manifested by climatic variation, as well as altitudinal, latitudinal, and
soil gradients (Sharma et al. 2010). This diverse biophysical habitat sets the
stage for a rich biodiversity and species evolution (Xu et al. 2019). The HKH
is the source of ten major river systems feeding to productive landscapes
with strong upstream downstream linkages (Wester et al. 2019). The region
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Figure 2 Vegetation zones and dominant forest types found across the HKH (Chettri et al.
2010).

also includes all or part of four global biodiversity hotspots — Himalaya,
Indo-Burma, mountains of Southwest China, and mountains of Central Asia
(Mittermeier et al. 2011; Chettri et al. 2010) — with high proportion of
threatened species and endemism with one of the highest rate of deforestation
and habitat degradation (Table 1). Moreover, the region also reported to have
more than 60 different ecoregions, out of which 12 are part of the Global 200
ecoregions (Olson and Dinerstein 2002). Interestingly, more than 39% of the
HKH is under protected area network with about 35 new species per year
being reported from the Eastern Himalaya alone (Chettri et al. 2008; Xu et al.
2019). Recent analysis reported more than 50% of species are under pressure
of decreasing population (Xu et al. 2019, Figure 3).
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Table 1 Total and endemic (in parenthesis) species in the four biodiversity hotspots

Mountains of Mountains of
Biodiversity Himalaya Indo-Burma Southwest China  Central Asia
Plants 10,000 (3,136) 13,500 (7,000) 12,000 (3,500) 5,500 (1,500)
Mammals 300 (12) 433 (73) 237 (5) 143 (6)
Birds 977 (15) 1,266 (64) 611 (2) 489 (0)
Reptiles 176 (48) 522 (204) 92 (15) 59 (1)
Amphibians 105 (42) 286 (154) 90 (8) 7 (4)
Freshwater fish 269 (33) 1,262 (553) 92 (23) 27 (5)

Source: Xu et al. (2019).
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Figure 3 Status of threatened species (Source Xu et al. 2019).

The ecosystem services coming from the HKH is the source of livelihood
for 240 million people livinh within the HKH and the benefit are also going
to 1.9 billion people living in the river basin (Sharma et al. 2019). These
services are the basis of livelihoods in the form food, timber, fibre, medicine
and as well as water for drinking and irrigation. There are evidence that the
mountain ecosystems also play a role in climate regulation, carbon storage,
and the maintenance of aesthetic, cultural, and spiritual values (Sharma et al.
2015; Chaudhary et al. 2017; Xu et al. 2019). The diverse vegetations in the
highland ecosystems, forests and agroforestry systems in the mountains helps
to stabilize headwaters, prevent flooding, landslide and maintain steady year-
round flows of water, vital for the densely populated downstream areas. As a
result, mountains have often been referred to as ‘water towers’ (Molden et al.
2014; Mukherji et al. 2015). However, though there is an increasing interest
on ecosystem services research in the recent decades, the both the quality and
quantity of ecosystem services have been reported decreasing in most of the
ecosystems (Xu et al. 2019; Figure 4).
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Figure 4 Trend in number of publications on ecosystem services in the HKH, and number

of these that predict/suggest/report a decline, increase, or stable state of ecosystem services
(source Xu et al. 2019).

3 Emerging Challenges and Drivers of Change

As the global change is happening, the HKH has also witnessing various
changes due to direct and indirect drivers of changes. Some of the prominent
drivers reported are habitat degradation as a result of land use change,
pollution, intrusion of invasive species and more importantly the climate
change (Chettri and Sharma 2016, Wang et al. 2019). Over exploitation
leading to forest fragmentation has been identified as one of major drivers
in both western (Uddin et al. 2015; Xu et al. 2019) and eastern Himalayas
(Ravindranath et al. 2011). Sensitive and fragile ecosystems such as high
altitude wetlands and rangelands are reported to be more vulnerable to the
combined effects climate change, land use change, over exploitations etc.
(Chettri et al. 2010; Chaudhary et al. 2017). As a result, the fragile ecosystem
is losing soil due to increased erosions and frequency of floods (Canovas et al.
2017).

The recent analysis covering the HKH revealed that change are happening
and some are prominent as a results of climate change (Sharma et al. 2019)
and unplanned development (Xu et al. 2019). Interestingly, both negative and
positive impacts of the various drivers are revealed such as change in wildlife
population, plant phenology, and ecosystem productivity across the region
(Xu et al. 2019). In the recent time, there has been more frequent natural
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disasters — both in terms of frequency and damage. It is also interpreted
that the traditional resources management systems are being ignored result-
ing to decreased resilience (Elalem and Pal 2015). As a result, the fragile
ecosystems of the HKH, which are important natural assets contributing to
the well-being of people as well as biodiversity in the HKH and beyond,
are being impacted (Xu et al. 2019, Kandel et al. 2020). Such impacts have
the cascading effects supply of ecosystem services, which on the other hand
increases the demand for these resources leading to more pressure on the
ecosystems and human society (Sharma et al. 2015; Chaudhary et al. 2016).

4 Integrated Landscape Approach

In the recent years, biodiversity and ecosystem services in the HKH is rapidly
changing as a result of both anthropogenic and natural drivers. However,
many of such drivers as well as the consequences are transboundary in
nature and, so far, very limited efforts are in practice for regional coop-
eration for collective actions among the member countries (Sharma et al.
2019). Conservation and development have been a dilemma in the HKH as
elsewhere due to fragile and inaccessible areas and aspiration for economic
growth. Though there are interdependency on many sectors such as tourism,
agricultural, water and clean energy, efforts to sustain these services, includ-
ing managements of common and contiguous ecosystems such as forests,
wetlands, and rangelands is becoming challenging (Rasul 2014). As the
populations are increasing, the increasing demand of food, water and energy
is becoming a competing challenge to minimize trade-offs and maximize
synergies.The complex social-ecological system need holistic approach. An
integrated landscape concept considering equality and social inclusion at
scale is emerging as a promising approach in reforming governance policies
and institutional and legal frameworks that promote conservation and sustain-
able use of biodiversity and ecosystem services. In the past, the conservation
and development dilemma, lack of synergy among the sectors and system
thinking were not considered for the complex ecosystem such as the HKH.
One of the emerging option such as mountain tourism is one example where
biodiversity conservation, cultural preservation, socioeconomic development,
and environmental aspects could be better linked and coordinated (Chettri
et al. 2020).

It is evident that the socio-ecological systems could be addressed when
system thinking at at landscape level is considered (Sayer 2009). Our
own learning from the past decades suggest that transdisciplinarity and
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participatory process in the landscape approach has the potential to maximize
synergy and secure integrated actions by multiple stakeholders (Xu et al.
2019). In many instances, the landscape approach, including transdisciplinar-
ity, have shown varying degrees of success even in the HKH (Chettri and
Sharma 2016; Gurung et al. 2019). Even at the global level, such practices are
recommended as principles of intergovernmental process dealing with bio-
diversity conservation and climate change mitigation and adaptation (Sayer
et al. 2013). Such practices could be instrumental when looked at different
scales considering the linkages for raising the adaptive capacity of people and
resilience of ecosystems. Some recommendations even suggests to look at the
river basin level for better synergy and coordination (Rasul 2014; Chettri and
Sharma 2016).

Although, documentation on good practices in community-based conser-
vation and development initiatives are evolving, the challenges still exist in
terms of representation on research, science based decision making, informa-
tion and knowledge sharing and regional cooperation (Gurung et al. 2019).
Fortunately, there are some positive change being observed in the HKH.
The changing paradigm from ‘people exclusionary’ and ‘species-focused’
to ‘people-centred community-based’ approache in biodiversity conservation
is observed in the HKH on the basis of the United Nations Conference on
Environment and Development (UNCED) in 1992, which placed a premium
on people’s participation and promotion of this conceptual shift in both
natural resources management and biodiversity conservation (UN 1992).
In response, community based participatory approaches at landscape level
evolved as the accepted means in various sectors in the HKH (Sharma et al.
2010). The coventional approach of biodiversity conservation focussing on
species (Yonzon 1989; Wikramanayake et al. 1998), evolved to landscape
level conservation considering transboundary perspective, with the under-
standing that ‘conservation and management of biodiversity are impossible
without people’s participation’ (Gurung et al. 2019). Starting from 1980s, de-
centralization and devolution of authority to local community for biodiversity
conservation have been evident in governments’ efforts across the HKH
(Sharma et al. 2010). As a result, a strong realization of people’s participation
considering the utility value of resources, is critical for biodiversity manage-
ment to make it more effective (see Gurung and Seeland 2008). Later, during
the late 1990s, a new dimension with the concept of linking the existing
protected areas with biological corridors evolved in the HKH (Sherpa and
Norbu 1999). This approach, with the twin objective offacilitating migration
through corridors in the habitat contiguity and species refugia in response
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to environmental pressures such as climate change became popular. In early
2000, the concept of landscape approaches evolved in the region, generally
adopting the ecosystem approach advocated by the Convention on Biolog-
ical Diversity (CBD) (see Sharma et al. 2010; Gurung et al. 2019). These
transformative understanding and realization addressed both ex-situ and in-
situ approaches. In addition, the good practices from traditional ecological
knowledge, belief, and culture also contributed substantially in addressing
the conservation goal.

Over the years, ICIMOD has been a global player in advocating moun-
tains perspectives and agendas since its existence. Being an active mountain
partnership member and observers for numerous multilateral environmental
agreements such as convention on biological diversity (CBD) and the United
Nations Framework Convention on Climate Change (UNFCCC), ICIMOD
has been playing an important bridging role for customizing global agen-
das to local and regional levels and vice versa. Catering to its member
countries based on contemporary challenges and opportunities, ICIMOD
advanced through different phases and priorities (Molden and Sharma 2013).
At present, ICIMOD is in its fourth medium term action plan (2018-2022)
with six integrated programmes supported by four thematic areas (ICIMOD
2017). Among the six programmes, transboundary landscapes is an impor-
tant integrated and multi-disciplinary regional programme that focusses on
systematic planning of mountain ecosystems and to develop nature based
solutions for sustainable and equitable development (see Molden et al.
2017).The programme is now working in four landscapes (Hindu Kush
Karakoram Karakoram Pamir, Kailash, Kangchenjunga, and Far Eastern
Himalayas (Molden et al. 2017; Figure 5). The exsiting four operational
programmes have a long term vision of 20 years and the strategic process
of conservation and development interventions have been developed. As
mandated ICIMOD is working across HKH countries to help attain com-
mon goals related to sustainable development, by bringing together different
groups within programmatic transboundary approaches covering scales from
households, springshed, landscapes to river basins.

To sustain the ecosystem services and conserve rich biodiversity, ICI-
MOD supports regional and transboundary cooperation to meet challenges
of climate change, disaster risks, and sustainable development in the HKH
through integrating transboundary landscape and river basin programmatic
focus. Actions to sustain the HKH have the potential to directly improve
the lives of more than one third of the world’s population. However, facili-
tating cooperation and policy coherence among the countries sharing HKH
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Figure S Map showing ‘Trans-Himalayan Transacts’ and ‘Transboundary Landscapes’ in
the HKH.

resources is a persistent challenge in a region with highly variable prior-
ities regarding development. ICIMOD’s interventions focus on knowledge
development, human resources development, technology transfer, policy out-
reach, and innovations through demonstrations. In the prevailing condition of
COVID 19, initiatives have been taken to strategize interventions considering
resilient recovery through six major HKH Call to Action with special focus on
ecosystem and biodiversity as one of the priority actions (ICIMOD 2020a,b).

Conclusion

With rich biodiversity and being source of diverse ecosystem services, the
HKH is important for the people of the HKH and downstream. Known for
being all or parts of four global biodiversity hotspots and water tower of the
region, it contributed to the wellbeing of the 240 million people of the region,
1.9 billion people in the downstream areas. However, the prevailing drivers
of changes, including climate change, land use change, pollution, invasive
species and over-exploitation of fragile ecosystems are adding challenges for
maintaining and sustaining this global asset. In addition, local, regional and
global market forces; and the socio-political environment are also changing
posing pressure on the fragile ecosystem. Unfortunately, our sectorial inter-
ventions and understanding and lack of integrated approach is making the
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conservation and management of resources challenging. Our past approaches
were not adequate due to lack of interdisciplinary system thinking for gener-
ating knowledge, governance systems. Furthermore, the recent resources use
patterns by the growing urban population have further impacted biodiversity
and the functions and flow of services from ecosystems.

However, these prevailing threats and their drivers have provide the
stakeholders of the HKH with new avenues for regional co-operation for
information and knowledge sharing, exchange of good practice, learnings
and experience to develop robust strategies for managing the socio-ecological
systems that are dependent on the sustained flow of ecosystem services. The
recent development in resources governance through changing perspectives
such as species to a landscape and ecosystem approach, joining hand for
regional cooperation through HKH Call to action are promising. Yet the road
to achieve the goal of making the HKH resources managed and sustained for
future generations is still long way to go. Innovative strategies and cooper-
ation are needed to build resilience in the ecosystems and the communities
to withstand the threats brought about by large local, regional, and global
changes.

Our own learning revealed that the challenges in the HKH are not limited
to national boundaries as the impact of climatic change is faced by the entire
region. Therefore, there is not option left than strengthening regional cooper-
ation at the government, civil society, private sector, and community levels.
Integrated approach considering social-ecological system thinking in policies
and their implementation are required across different sectors to address
some of the challenges mentioned above. In the science, policy and practice
linkage, decision makers at all levels need to work with information and
knowledge providers and seek inputs that is holistic, interdisciplinary, and
exemplified with best practices from elsewhere. Further, our good practices
need to be scale-out and scale up and enhance knowledge and information
about the heritage values that biodiversity and ecosystem services provide
for informed decision making.

Our learning also brings some lessons such as working on the complex
social-ecological system need interdisciplinary approach with engagement
of all stakeholders including the private sector. As the HKH region is a
global asset, it is equally important for global community to come forward
and support the HKH countries for their struggle for balancing conservation
and development. In nutshell, the HKH region is an global asset and seeking
holistic approach for balancing biodiversity conservation, sustaining ecosys-
tem services and fulfilling aspiration of people for economic development
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for which the HKH countries, donors, civil society and the private sector
need to join hands to ensure the sustainability of the assets while pursuing
the larger goals of poverty alleviation, economic development, and overall
human wellbeing.
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