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Abstract
Until recently, China’s Belt and Road Initiative (BRI) has overlookedmany of the
social and environmental dimensions of its projects and actions in favor of more
immediate economic and sociopolitical considerations. Themain focus of invest-
ments under BRI has largely been to improve transport, telecommunication,
and energy infrastructures. However, in Central Asia, biodiversity is not only
foundational for the livelihoods and socioeconomic wellbeing of communities,
it also shapes people’s culture and identities. Furthermore, ecosystem services
derived from functioning landscapes bring enormous benefit for millions of peo-
ple downstream through integrated and transboundary water systems. Already
under pressure from climate-induced melting of glaciers, the fate of ecologically
important areas is considered in light of the potential harm arising from large-
scale linear infrastructure projects and related investments under China-led BRI.
Following review of some of the anticipated impacts of BRI on mountain envi-
ronments and societies in the region, we highlight several emerging opportuni-
ties and then offer recommendations for development programs—aiming fun-
damentally to enhance the sustainability of BRI investments. Leveraging new
opportunities to strengthen partner countries’ priority Sustainable Development
Goals and enhancing their agency in the selection of collaborations and the stan-
dards to use in environmental impact and risk assessments are recommended.
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F IGURE 1 Geographic overview of Road and Rail (BRI) infrastructure and maritime routes and Central Asia Biodiversity Hotspot. BRI
corridor countries are: China–Mongolia–Russia Economic Corridor (CMREC); New Eurasian Land Bridge (NELB); China-Central Asia-West
Asia Economic Corridor (CCWAEC); China–Indochina Peninsula Economic Corridor (CICPEC); China–Pakistan Economic Corridor (CPEC)
and Bangladesh–China–India–Myanmar Economic Corridor (BCIMEC). Road and Rail infrastructure spatial data from Reed and Trubetskoy
(2019)

1 INTRODUCTION

China’s ambitious and ever-expanding Belt and Road
Initiative (BRI) is arguably the single most significant
development program being undertaken this century. BRI
is focused primarily on infrastructure projects, centered
on transnational connectivity, especially transportation,
energy, and communications, now spanning more than 80
countries across all continents except Antarctica (Hughes
et al., 2020; Peel et al., 2019; SCMP, 2019). The BRI is antic-
ipated to involve around one-third of the global economy
and two-thirds of the world’s population with proposed
long-term investments estimated at overUS$4 trillion (The
Economist, 2016) (Figure 1). Since its launch in 2013, at
least US$200 billion has been invested in over 200 devel-
opment projects related to BRI (Chatzky &McBride, 2019);
and elsewhere figures twice as high have been reported,
around US$400 billion (Ren & Zhong, 2019).
Comprehensive development in recipient or partner

countries, however, is contingent both on local geogra-
phies including natural and sociocultural resources and
their conditions (Sternberg et al., 2017) and historic devel-
opment pathways together with ongoing constraints or
dependencies (Gajjar et al., 2019; Karpouzoglou et al.,
2020). Development outcomes of China’s investments also
are subject to public policies and safeguarding mech-
anisms in the partnering countries and their levels of

engagement with BRI for aligning mutual interests and
developing a common vision for the future across a range
of sectors, including but not limited to the economy and
construction.
To date, most projects and investments related to BRI

have been considered mainly from economic dimen-
sions, with most attention given to transport routes,
energy generation and transmission, and telecommuni-
cations, primarily as a means to enhance interregional
and indeed global connectivity. However, there is increas-
ing recognition—in China and abroad—that sociocultural
and environmental aspects of current, imminent and/or
planned BRI developments should receive substantially
more attention (Ascensão et al., 2018; Kirchherr et al., 2018;
Lechner et al., 2018; Liu et al., 2019;Mogilevskii, 2019; Tang
et al., 2017). The potential for significant cultural disrup-
tion in Central Asia’s mountain regions is real in light of
major interventions such as BRI. This must be weighed
very carefully against desired local, regional, and national
socioeconomic benefits, as development of access routes
and market forces rarely leave societies unchanged; and
this is especially pertinent for indigenous peoplewho often
are not properly engaged andmay not have given free prior
and informed consent.
Given that the BRI is still in relatively early stages of

implementation in Central Asia, it should be noted that
as of yet there are no comprehensive studies detailing the
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F IGURE 2 Mountain regions in greater Central Asia, with the globally renowned Mountains of Central Asia biodiversity hotspot (CEPF
2017) outlined in red

impacts of BRI on sustainable development. Central Asia
includes the first countries to be affected by the BRI en
route from China to Europe and is home to the globally
renowned Mountains of Central Asia biodiversity hotspot
(Körner, 2004; Spehn et al. 2006) (see Figure 2; CEPF
2017).Wildlife of special conservation interest in the region
include migratory and transboundary species such as the
snow leopard (Panthera uncia) and argali (Ovis ammon)
(CEPF, 2017) as well as the region’s native fruit trees and
locally adapted crop varieties and livestock breeds (Beer
et al., 2008; Giuliani et al., 2011; Kassam et al., 2011). The
region provides many essential ecosystem services for the
64 million people who live within its 860,000 km2, and
millions more downstream. Yet a significant portion of
biodiversity may be transformed by BRI (Hughes, 2019),
including critical ecosystem services such as the provi-
sion and regulation of water, stable and fertile soils, bio-
cultural diversity and agrobiodiversity, and carbon seques-
tration (Ascensão et al., 2018; Teo et al, 2019). These
mountain environments and their inhabitants are particu-
larly vulnerable to rapid disruptions (Foggin, 2016; Price,
2015; Stone, 1992), including externally induced changes
and resulting pressures on well-adapted mountain social–
ecological systems.
In this article, we review the challenges for sustain-

able development in the mountain regions of Central Asia
in the context of China’s BRI. Specifically, we conduct a
spatial assessment of the proximity of BRI infrastructure
routes to priority biodiversity areas. We then review poten-

tial environmental challenges and emerging opportuni-
ties for sustainable development. Finally, we identify sev-
eral high-level recommendations for BRI in Central Asia
guided by the challenges and opportunities we identified
in the previous section. The objective of this paper is to
propose a way forward—to better advance sustainability
with equity in Central Asia, with enhanced conservation
of biodiversity through leveraging existing opportunities
already recognized in China’s commitment to biodiversity
(see Li, 2019; Niu, 2021; Wang et al., 2020; but also see Fog-
gin, 2020b; He & Cliquet, 2020; Sayer et al., 2021).

2 REVIEWAND SPATIAL ANALYSIS
OF ENVIRONMENTAL CHALLENGES

Conserving biodiversity is nowwidely recognized as a fun-
damental prerequisite to build, sustain, and strengthen
local communities, societies, andnations (IPBES 2018;Mil-
lennium Ecosystem Assessment, 2005; Roe et al., 2018;
United Nations, 2015). It is important to recognize the
integrated nature of socioecological Central Asian moun-
tain systems that have emerged—even codeveloped—
over generations (Berkes et al., 2008; Folke, 2006; Kap-
sar et al., 2019), along with unique and often complex
dynamics of telecoupled systems with development inter-
actions and impacts occurring across long distances (Hull
& Liu, 2018; Liu, 2017; Kapsar et al., 2019). Diverse
and unique cultural heritage is often found in remote
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F IGURE 3 Conceptual model of sustainable development, with special consideration of key drivers of change in mountain
social-ecological systems. Model developed by M. Foggin, adapted from original version published in Wang et al. (2019)

mountain regions with difficult access, where mountain
peoples’ traditional knowledge and livelihood practices
also are regularly linked with a distinct sense of identity.
Cultural heritage is integrally connected with mountain
biodiversity and is foundational for the livelihoods and
socioeconomic wellbeing of communities (Frainer et al.,
2020; Gorenflo et al., 2012; Kassam, 2010; Loh & Har-
mon, 2005; Maffi, 2005; Wang et al., 2019). Extreme care
is needed, therefore, to carefully balance the three pillars
of sustainable development—environmental sustainabil-
ity, economic viability, and social (and cultural) wellbe-
ing, whichmust all be considered simultaneously, together
with their highly interconnected drivers (Purvis et al.,
2019) (Figure 3).
A preliminary spatial analysis of proposed and on-going

Chinese funded linear infrastructure projects (roads and
railways) in the Mountains of Central Asia is presented
in Appendix I. Our analysis of the overall intersection
between road and rail infrastructure with high priority
biodiversity areas including key biodiversity areas, pro-
tected areas and snow leopard landscapes shows a sig-
nificant number and total area of high biodiversity zones
in close proximity to BRI interventions, many of which
have little to no protective legislation in place or effec-
tive management contributing to the protection of their
biodiversity. Nearly all BRI infrastructure projects will
have associated direct impacts on the environment, such
as through the clearance of vegetation, as well as sec-

ondary impacts including spill-over effects within proxim-
ity of infrastructure (Ascensão et al., 2018; Lechner et al.,
2018; Teo et al, 2019). Increasing accessibility will further
result in novel developments associated with agriculture,
extractive industries, and urbanization, as well as waste
and pollution such as greenhouse gas emissions and other
air pollutants, water pollutants, and solid waste (Hughes,
2019; Teo et al, 2019). A major concern here is the cumu-
lative impact derived from successive, incremental, and
combined impacts of single or multiple activities (Franks
et al., 2013). This is particularly relevant for an initiative of
the scale of BRI and for hydrologically connected Central
Asian mountain and downstream landscapes.
Four particular challenge areas arising from BRI invest-

ments and infrastructure are noted below:

1. Design, assessment, and monitoring

Identifying, preventing, and mitigating potentially
adverse environmental impacts including biodiversity
loss will require that project design build in transparent
monitoring systems for timely and comprehensive social
and environmental impact assessments to be undertaken
in all BRI development projects, from inception through
to project implementation (Ascensão et al., 2018), and
that appropriate risk monitoring continue for the entire
lifespan of development programs and activities. Relevant
risk and impact assessments are most significant for
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vulnerable areas, such as ecologically important areas
identified as having little/no protection yet are directly
intersected by linear infrastructure projects under BRI
(such as locations identified in Appendix I) and any
overlapping territories and areas that are conserved by
indigenous peoples and local communities. While this
may pose short-term additional financial or technical
burdens, it is widely recognized that in the long term
the benefits of protecting biodiversity—and doing so in
inclusive ways—will far outweigh the costs, as high levels
of ecosystem services are provided by such areas, bringing
lasting benefits to society at multiple scales across regions
(Brooks & Montes, 2014; Costanza et al., 2014; Keith, 2015;
Garnett et al., 2018; IPBES 2019).

2. Stakeholder participation

Promoting more inclusive development and recogniz-
ing formal and informal (customary) custodians of the
land and biodiversity and their practices pose both chal-
lenges and opportunities for BRI (Foggin, 2018). Opaque
decision-making processes and corruption often plague
high value construction and development projects (Trans-
parency International, 2016). Ensuring broader stake-
holder participation, especially representation from local
communities and indigenous peoples, as well as from a full
range of sector interests, assists in identification of poten-
tial challenges and opportunities before plans are fully set
in motion, and generally encourages greater local engage-
ment and support through the lifespan of a project.

3. Uncertain futures

With uncertainty increasing in many different ways,
from changing climate affecting glaciers and water
resources, to the broad reorganization of political and
socioeconomic spheres of influence—maintaining and
ideally strengthening resilience and adaptability in inte-
grated mountain socioecological systems is of paramount
importance (Mitchell et al., 2016). Maintaining biodiver-
sity requires not only the establishment of formal protected
areas, but also the strengthening of indigenous and com-
munity conserved areas (Farvar et al., 2018) and advanc-
ing other effective area-based approaches to conservation
(Berkes et al., 2008; Jonas et al., 2017; Swiderska, 2020).
Further, a landscape-level vision is needed to address the
many competing interests and complexities along with
the multiplicity of sociocultural values and approaches
(Hanspach et al., 2020; Swiderska et al., 2020; Verschuuren
et al., 2021). Values and relational thinking are increas-
ingly recognized as being necessary for sustainable devel-
opment, leading toward an emerging paradigm shift in sus-
tainability science (West et al., 2020).

4. Transboundary issues

Adopting regional and transboundary approaches that
move beyond borders also is essential, due to the large
scale of BRI projects and their multidimensional impacts.
This is especially important where neighboring countries
share water resources or keys habitats and wildlife (e.g.,
snow leopard and argali; CEPF, 2017). Several successful
transboundary models are already emerging, such as pro-
grams of work advanced for example by the Central Asian
Mammals Initiative (CAMI) under the Convention on the
Conservation of Migratory Species of Wild Animals (CMS)
and International Centre for Integrated Mountain Devel-
opment (ICIMOD), along with the “20 by 2020” Snow
Leopard Landscapes (of which China and all countries in
theMountains of CentralAsiahotspot aremembers; Global
Snow Leopard & Ecosystem Protection Program [GSLEP],
2014). The geographic scope of all of the above initiatives
presents significant spatial overlap with both current and
proposed BRI infrastructure in the region.

2.1 Emerging opportunities for partner
countries

Drawing on the expanding scope of BRI- related develop-
ment policy and environmental research emerging in the
literature, several significant opportunities for sustainable
development are noted for the region.

2.1.1 BRI can serve as accelerator for change

First and foremost, the BRI could beneficially be reframed
and strengthened to serve as an “accelerator” for achiev-
ing the Sustainable Development Goals (SDGs) prioritized in
partner countries. For this to succeed, however, there is a
need both to clarify and to expand BRI’s stated approach
(in China) so that it could more explicitly and also
more proactively achieve desired results with sustainable
transformations. In particular, BRI endorsed projects and
investments should aim to reduce poverty, to increase envi-
ronmental sustainability, and to advance goals of inclusive
development. BRI should move beyond current perspec-
tives of simply building or developing transport routes, and
instead build wider and multidimensional regional eco-
nomic corridors (Taisarinova et al., 2020). For this, greater
emphasis on building human and natural capital is needed
in tandem with the current focus on reaching ultimate
“endpoints” of the long-distance multinational transport
routes (Dossani, 2016). Sociocultural dimensions in devel-
opment should equally be given attention, by address-
ing historic and geopolitical issues in mountain areas of
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Central Asia (Kreutzmann, 2013) and leveraging ‘cultural
diplomacy’ (Winter, 2016) alongside projects’ conservation
and development goals.

2.1.2 From transport routes to corridors and
hinterlands

Secondly, as linear infrastructure construction and expan-
sion currently represents the almost singular output of BRI
in Central Asia, these existing projects should simultane-
ously be used as a springboard for second-tier investment
programs in non-targeted “hinterlands” of the partner-
ing countries. Such investment focus would help achieve
regional development by enabling a wider and more equi-
table spread of the development benefits and opportuni-
ties, whilstmaintaining high conservation standards. In all
places impacted by BRI, biodiversity (and affiliated biocul-
tural heritage) stillmust be preserved, lest the region’s hard
capital, or assets, be lost—which would prove damaging
in the long term for the area’s opportunities for develop-
ment. However, such increased attention to natural assets
must consider two scales, including not only direct and
immediate project impacts but also the regional ”hinter-
land” opportunities along with potential environmental
challenges requiring mitigation.

2.1.3 Investing in human and natural capital

Finally, long-term development success will only emerge
as partner countries equally ensure suitable investment
into the comprehensive development of human and natu-
ral capital—not simply injecting financial resources for
development of transport routes or accessing natural
resources. The knowledge and professional capacities in
partner countries, including local and national hopes and
aspirations, along with the countries’ tangible natural
assets—many of which are subsumed within the regional
biodiversity—are the basic and even essential foundations
for their future.

2.2 Recommendations for sustainability

If considered and engaged appropriately, BRI has the
potential to contribute not only to China’s own develop-
ment goals and commitments but also to globally agreed
conservation targets as currently being developed under
the post-2020 global biodiversity framework. It equally
could contributemuch toward sustainable development in
recipient/partner countries, including achieving the global
SDGGoal 15,Protect, restore, and promote sustainable use of

terrestrial ecosystems and halt biodiversity loss. Biodiversity
conservation is integral for development and now broadly
recognized as being a development issue (Roe et al., 2018);
and therefore, should bemainstreamed across all sectors in
government, in the donor and banking communities, and
elsewhere. Inmore concrete terms, we recommend the fol-
lowing areas of intervention and actions in relation to BRI
(also see rapid-fire summary, Appendix II):

2.2.1 Recommendation 1: Evaluating
benefits to partner countries and communities

It is particularly important to clearly evaluate benefits to
partner countries and how they can effectively influence
emerging partnership agreements (and avoid dependen-
cies); and to determine whether internal policy or insti-
tutional reforms are needed, or are advisable, in light of
the new arrangements and spheres of influence emerg-
ing around the world (World Bank, 2018). Three elements
should be recognized and integrated into the BRI vision:
(1) only projects that align with partnering countries’
national Sustainable Development Goals should be agreed
and implemented, (2) biodiversity conservation should be
explicitly recognized as a core value, and (3) greater atten-
tion should be given to the broad suite of stakeholders and
rights holders—including localmountain voices—and thus
advance more inclusive development in the bioculturally
diverse mountain regions of Central Asia.

2.2.2 Recommendation 2: Strengthening
and diversifying connectivity

Under the broad framework of regional connectivity reg-
ularly highlighted by China’s President Xi, BRI projects
should strive to build human capital—especially with a
wide range of exchanges at different levels, including aca-
demic and other people-to-people interactions, and engag-
ing not only academia but also managers and policymak-
ers in order to promote a sharing of knowledge and cocre-
ation of context-specific solutions of mutual benefit. Over-
all, strengthening such human connections is recognized
as essential for greater “deepening [of] political trust and
promoting mutual understanding, peace, and friendship
among people of all countries” (Sadovskaya & Utyasheva,
2018). More recent BRI-relevant development plans are
beginning to highlight projects that also promote social
integration, the creation of digital information superhigh-
ways, and capacity development (Dossani, 2016; Xinhua
News, 2017, 2018).
Exchanges should consider multiple and diverse val-

ues, understandings, and uses for nature and biodiversity,
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including locally developed governance regimes surround-
ing the management of natural resources and use of bio-
diversity. Furthermore, under the broad umbrella of inclu-
sive development (Foggin, 2020a), where local communities
or indigenous peoples are concerned, obtaining free, prior
and informed consent (FPIC)—not only offering prior
“consultation” or subsequently ”informing” of plans—is of
paramount importance (FAO, 2016). In all instances, fair
and effective communication amongst partners is contin-
gent on developing andmaintaining trusting relationships.
Such relationships are encouraged with mechanisms such
as the creation of stakeholder networks aiming to promote
personal and professional exchanges and knowledge shar-
ing, for example for strengthening conservation and devel-
opment through a network of mountain protected areas
along the Silk Route (van Oosten, 2018). Such people-to-
people networks can help to promote critical dialogues
across borders and advance initiatives focused on biodi-
versity and its conservation, complementing or enhanc-
ing other established transboundary agreements already
focusing on transportation and economic development.

2.2.3 Recommendation 3: Ensuring
sustainability best practices

Best practices for infrastructure projects and related devel-
opments must be identified, or if needed redeveloped, in
order to establish a practical suite of core standards to be
followed and monitored across all relevant projects. Such
core principles and standards must include environmental
elements such as the mitigation of climate related risks of
natural hazard in mountain areas, together with a range
of social elements such as promoting more inclusive con-
servation and development and protecting land tenure and
access rights. With respect to biodiversity, whatever the
methods used (especially with offsetting methods), it is
especially important that there be no net loss to biodiver-
sity (Kiesecker et al. 2010; Maron et al., 2015). The BRI
could even contribute positively to conservation purposes,
beyond mitigating impacts, if sufficient political will were
present (Lechner et al., 2018).
Furthermore, it is encouraged that recipient countries

require that Environmental Impact Assessment (EIA) pro-
cesses and mitigation standards be applied to all BRI
related projects as well as Strategic Environmental Assess-
ments (SEA) for programs and policies, aiming to ensure
that the cumulative impacts of BRI interventions also are
considered (Lechner et al., 2018; Hughes et al., 2020); with
such processes linked as basic requirements for all interna-
tional financing and loans (Narain et al., 2020). This will
of course require centralized transparent reporting struc-
tures, but gains are potentially enormous. For example,

over three-quarters of all the economic benefits derived
from building new roads in the Amazon arise from a
smaller subset of all road projects with only 10% of the
social and environmental damage (Vilela et al., 2020). In
the same study, 45%of road projects actually generated eco-
nomic losses, often resulting in landscape-level changes
with substantial negative impacts on the livelihoods of
indigenous peoples and infringing on fundamental rights
to a healthy environment (Knox, 2018). Rigorous impact
assessments are therefore essential. Relevant environmen-
tal regulations and governance structures are expected to
vary between countries, togetherwith their effectiveness—
in large part commensurate with the extent to which the
rule of law and the ability to monitor and enforce compli-
ance are in place. Thus, reviews and appropriate legislative
and regulatory framework reforms must be considered.
At a fundamental level, risks and impacts of infrastruc-

ture projects must also consider uncertainties—including
in relation to climate change and globalization (cf. external
market forces; Foggin & Cabrera, 2020; Hodges et al., 2014)
alongside the financial dimensions of project implemen-
tation and subsequent operations, as well as unintended
sociocultural and environmental costs and consequences.
In many instances the livelihoods of indigenous people
will change, which in turn may have consequences for
biodiversity as a property of the integrated socioecological
Central Asian mountain systems that have developed over
many generations but cannot fail to change in the face of
growing interconnectivity. Thus, appropriate risk assess-
ment measures should be followed, in order to help not
only project investors and developers but also (and espe-
cially) recipient countries and local communities to mini-
mize potential impacts of uncertain futures.

2.2.4 Recommendation 4: Focusing on
sustainable financing

Finally, in regard to the financial basis of develop-
ment in Central Asia, new possibilities also exist for
securing natural resources (i.e., conserving biodiversity),
some of which are ideally suited to emerging, growing
markets—and these are becoming increasingly accessi-
ble with improvements in regional connectivity through
communications and transport infrastructure. In particu-
lar, further developments in both agricultural and nona-
gricultural value chains can readily be advanced with
increased access to China and its markets, maximizing
the benefits from emerging market opportunities. With
appropriate novel branding and marketing, niche moun-
tain products may bring high returns, as can ecotourism
when developed in community-friendlyways and connect-
ing globally with trusted partners. Conversely, however,
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long-term risks or other implications arising from national
debts owed for China-backed developments—with debts
increasing almost 189 times in Kyrgyzstan in less than
a decade (Seneviratne, 2019)—further highlight the con-
tinued need for careful, strategic prioritization of the
types and the sources of development investments and
for simultaneously addressing social and environmental
concerns.

3 CONCLUSION

The enormous geographic scale of China’s BRI brings with
it both challenges and great opportunities for conserva-
tion and sustainable use of biodiversity. However, Central
Asian (or any local or regional) perspectives must always
be considered clearly and explicitly, and strengthened, so
that local benefits may arise alongside more China-centric
goals (Lechner et al., 2018; Vakulchuk et al., 2018). Building
a new Green Silk Road with support from China’s devel-
opment investment portfolio under BRI could help to pro-
mote and to develop mountain regions, bringing improve-
ments in people’s quality of life while maintaining bio-
diversity and ecological services (Kirchherr et al., 2018;
Yang, & Yang, 2019)—but only if the BRI were to extend its
remit fromcurrent economics, energy, and transport orien-
tations and begin to invest appropriately in a range of other
complementary sectors as well. With the lead to be taken
by the partner countries, more SDG-friendly approaches
that promote more inclusive social development together
with long range and comprehensive environmental per-
spectives could be leveraged from China’s multifaceted
interests in Central Asia. Yet, as always, there will remain
instances where biodiversity loss or social infringements
are too severe, where it is critical to hold fast to precau-
tionary principles and imperatives of autonomy and the
rights of indigenous peoples and local communities (i.e.,
localization should take priority over globalization), and
not automatically allow (for example) a proposed road
infrastructure development to proceed. With any genuine
partnership, there must be acceptance that not all pro-
posals will necessarily be supported and proceed, and
that stakeholder engagement is critical from the start of
planning processes. Fortunately, China’s own noninter-
ference policies already point toward such eventuality,
broadly endorsing that national views and perspectives be
upheld. It is thus now up to the partnering countries them-
selves to develop and promulgate appropriate measures
that can herald a viable Green Silk Road, both socially
and environmentally sound—clearly working in partner-
ship, yet duly upholding more local perspectives and
priorities.
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Appendix I
Spatial overlap of BRI linear infrastructure with eco-
logically important areas in Central Asia
A preliminary spatial analysis of proposed and ongoing
Chinese funded linear infrastructure projects (specifically
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F IGURE A1 Intersection between China’s BRI and areas recognized for their biodiversity and ecological values. Blue lines represent
current and proposed roads and railways developed or enlarged under the BRI; as sourced from the Reconnecting Asia Database. The black
boundary line highlights the Mountains of Central Asia biodiversity hotspot. Three types of priority conservation areas are noted: (a)
Protected Areas, PAs; (b) Key Biodiversity Areas, KBAs; and (c) GSLEP Snow Leopard Landscapes, SLLs

roads and railways) in the globally renowned Mountains
of Central Asia biodiversity hotspot (cf. Myers et al., 2000;
CEPF, 2017) has been carried out to determine the over-
all degree of intersection of such projects with priority
areas for conservation. Based on the literature as well as
current programming, three complementary approaches
were adopted for identifying areas of high conservation

value: (1) key biodiversity areas, or KBAs (CEPF, 2017;
IUCN, 2016; Jacobs et al., 2021); (2) protected areas, or
PAs (UNEP-WCMC 2019); and (3) “snow leopard land-
scapes,” or SLLs, identified under the high level “20 by
2020″ initiative undertaken by the Global Snow Leopard
and Ecosystem Protection (GSLEP) Program in conjunc-
tion with national governments of the 12 countries that
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TABLE A1 Matrix of level of protection of KBAs within three buffer distances from current and planned BRI linear infrastructure in the
Mountains of Central Asia biodiversity hotspot

Intersection of BRI and other infrastructure and areas of biological or ecological
significance (KBAs) (number of intersections)

Level of protection Buffer = 1 km Buffer = 5 km Buffer = 25 km
Little/none 17 29 60
Some 8 9 21
Most 5 6 13
Whole 3 8 28
Unknown/partial 4 8 10
Total 37 (in 32 KBAs) 53 (in 45 KBAs) 125 (in 88 KBAs)

TABLE B1 List of KBAs in the Mountains of Central Asia biodiversity hotspot that currently have little or no formal protection status,
identified as those KBAs with areas either transected by or falling within 1 km of current or planned BRI linear infrastructure

Key Biodiversity Area (KBA) name Country KBA type*
Alai Valley and Mountains Kyrgyzstan B1
Alichur Valley Tajikistan B1
Darvaz Tajikistan B1
Kattakurgan Reservoir Uzbekistan D1
Kayrakkum Tajikistan B1
Kelif-Sherabad Mountain Range Uzbekistan B1
Khaudaktau Uzbekistan B1
Paap foothills Uzbekistan B1
Rushan Tajikistan B1
Syr Darya Upstream Uzbekistan B1
Tarkapchigay River Basin Uzbekistan B1
Toraigyr Kazakhstan B1
Turkestan Mountains Southern Slope Tajikistan B1
Upper Chadak and Chorkesar River Basin Uzbekistan B1

Note: KBAs may be identified as being of significant conservation value for several reasons. Two main categories are highlighted in the Mountains of Central Asia
hotspot, those with significance arising primarily from the presence of geographically restricted species (B1) and those for which critical biological processes are
deemed to be threatened and requiring protection (D1).

encompass the species’ distribution (GSLEP, 2013, 2014).
The resulting three indicative maps are presented as
Figure A1.
Spatial data on current and proposed linear infrastruc-

ture being developed under China’s BRI was sourced from
the Reconnecting Asia database (Center for Strategic &
International Studies, 2019) and digitized with QGIS spa-
tial analysis software. Outlines of KBAs were obtained
on request from the KBA Secretariat; the protected area
locations were downloaded from the UNEP-WCMCWorld
Database on Protected Areas (see https://protectedplanet.
net); and locations of “snow leopard landscapes” were
obtained and used with permission from GSLEP’s Secre-
tariat.
Additional information about KBAs intersected by BRI

infrastructure projects is provided through two tables,

focused on protection status. Intersection analysis was car-
ried out, usingQGIS, for the high conservation value KBAs
in the target area, both on the basis of direct overlap with
linear infrastructure and overlapwithin buffer distances of
1, 5, and 25 km from such infrastructure. The two shorter
buffer distances (1 and 5 km)were selected on basis of prior
work undertaken by Benitez-Lopez et al. (2010) and Torres
et al. (2016) and the 25 km buffer included to account for
secondary and tertiary effects of linear infrastructure (Lau-
rance et al., 2015; Laurance&Arrea, 2017). Table A1, below,
highlights the level of protection of KBAs within three
buffer distances from current and planned BRI-related lin-
ear infrastructure within the biodiversity hotspot, whereas
Table B1 provides a list of the KBAs that currently receive
little or no formal protection in the Mountains of Central
Asia biodiversity hotspot.

https://protectedplanet.net
https://protectedplanet.net
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Appendix II
Rapid-fire summary of key ways in which biodiver-
sity could or should be mainstreamed more widely
in development dialogues and investment planning
Mainstreaming biodiversity and its conservation across key
development sectors in national, regional, and interna-
tional programming is one of the most important mea-
sures necessary to advance and ensure sustainable moun-
tain development (Bass et al., 2010; UCA et al. 2012; Hunt-
ley & Redford, 2014; Wehrli, 2014; IPBES 2018; OECD,
2018). Specific mechanisms should include inter alia a
shift from local site-specific assessments (often too nar-
rowly confined to particular project locations, ignoring
wider impacts) to landscape-level assessments and develop-
ment planning approaches (Sayer et al., 2013). Other impor-
tant mechanisms that also should receive greater attention
include adoption of biodiversity aware and climate smart
approaches within development programming (MacKin-
non et al., 2008; Pecl et al., 2017), including the strength-
ening of regional networks of protected and conserved areas
(Dudley et al., 2010; Gross et al., 2016). Notably, indige-
nous and community conserved areas, or ICCAs - territo-
ries of life, comprise over a quarter of the world’s land sur-
face (Garnett et al., 2018), overlap with many though are
far from limited to formal protected areas (Farvar et al.,
2018; Jonas, & Jonas, 2018; Stevens et al., 2016), and col-
lectively encompass around 80% of the world’s biodiversity
(Sobrevila, 2008). Finally, a greater recognition of the over-
all value of key biodiversity areas in future development
investments also is recommended (EU Commission, 2018;
Kirchherr et al., 2018; IUCN, 2016; Neugarten et al., 2018).
Expressed more concisely, the above concerns cover the

key realms of spatial scale, thematic priorities, and geo-
graphic focus in context of biodiversity conservation—all
of which would benefit from more explicit and dedicated
attention in the future.
In addition, “safeguarding” measures such as China’s

“ecological redline” policy to strictly protect key eco-
logical zones (recognized for their provision of critical
ecological services to society; Bai et al., 2016, 2018; Wang
et al., 2021) and more widely recognized assessment pro-
cesses such as social and environmental impact and risk
assessments (applicable to infrastructure and non infras-
tructure projects alike; Ascensão et al., 2018) may also con-
tribute substantially to ensuring more effective, sustain-
able, and equitablemountain development. Impact assess-
ments in particular are vital, with the aim to ensure that
due consideration is given to all potential risks and that
appropriate mitigation and adaptation measures are iden-
tified and integrated into development plans and activities
from the outset. Furthermore, environmental conditions
must be monitored both during and following projects’
implementation.

Sustainable financing mechanisms to ensure functional
integration of biodiversity conservation with other devel-
opment sectors are equally necessary for long-term sus-
tainability, and these can be readily justified when the
cost-effectiveness of internalizing themajor social and envi-
ronmental concerns is considered—as the comprehensive
costs to national economies that are accrued by ignoring
such impacts are immensely more prohibitive (Dossani,
2016; Narain et al.,2020; OECD, 2018; Roe et al., 2018).
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