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Abstract: The cryosphere in the Himalaya-Karakoram (H-K) is widespread, and its services significantly affect the SDGs implementation in the region, in particular related to the ‘No poverty’ (SDG 1),
‘zero hunger’ (SDG 2), ‘good health and well-being’ (SDG 3), ‘work and economic’ (SDG 8) and
‘partnership for the goals’ (SDG 17). We here established the networks to illustrate the complex
relationship of cryosphere services with national SDG priorities in the countries of H-K, including
Afghanistan, Pakistan, India, China, Nepal and Bhutan. The cryosphere services contributing to
the national SDG priorities and the key targets were elucidated in line with the centralities of the
network. It was found that ‘freshwater’, ‘clean energy’, ‘runoff regulation’, ‘climate regulation’,
‘research and education’ and ‘infrastructure and engineering’ are the services that play critical roles
in H-K, and they were then applied to assess the impact of cryosphere services on the national SDG
priorities. We subsequently identified a set of principal indicators in relation to the key targets of
national SDG priorities, which has the explanation up to 85% of six entry points (SEPs) to advance
SDGs of each country in H-K. In conjunction with the centrality of the key targets to be contributed
by the overall cryosphere services in the network for each country, the dependency of SEPs on the
cryosphere services can be established through principal indicators in association with the national
SDG priorities in H-K countries.
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1. Introduction
The ‘Cryosphere service’ emphasizes the benefits of human well-being provided by
the interaction between the cryosphere and anthroposphere [1,2]. In Himalaya-Karakoram
(H-K), there is an extensive coverage by the cryosphere [3,4] with their services, not only
related to the water supply [5,6], but also to the climate regulation [2]. Almost hundreds
of millions of populations benefit from the cryosphere services in Indus, Tarim, Ganges
and Brahmaputra river basins [7] and beyond [8,9]. The cryosphere services are crucial to
the transformations towards the 2030 sustainable development goals (SDGs) in H-K, as
highlighted in the Hindu Kush Himalaya Assessment report by the International Centre
for Integrated Mountain Development [10].
Notwithstanding the countries have consistently reiterated their commitment and
determination to implement the UN’s 2030 sustainable development agenda, the overall
progress in H-K is considerably lagging behind [11]. It becomes even more challenging to
achieve all 17 sustainable development goals (SDGs) with the latest hurdles represented
by the Public Health Emergency of International Concern (PHEIC) of COVID-19 [12,13].
Taking into account the national circumstances in policy-making is critical to enhance its
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effective implementation [14]. The Voluntary National Reviews (VNRs), presented at the
High-level Political Forum on sustainable development (HLPF), called member states to
conduct national assessment and develop the pathways to adapt to their circumstances [15].
In responding to the call, all countries in the H-K had issued national SDG priorities until
2021 to strengthen the integration of natural resources and policies. The effective pathways
to meet the national SDG priorities are crucial to the transformations towards 2030 agency
in H-K [10].
The extensive linkage between cryosphere services and SDGs indicate that the cryosphere
is irreplaceable in sustainable development in high mountains [16]. Overall, 62 of 167 targets
in SDGs are affected directly or indirectly by the cryosphere services [17]. The cryosphere
services are also considered to be essential in the process that transforms cryospheric
resources to the benefit that societies can obtain [2,18]. It underlines that importance to
understand the cryosphere services for regional approaches in meeting its priorities of
sustainability development. The interconnection among SDG targets [19–21] should also
be taken into account. Moreover, monitoring and evaluation of the progress towards
SDGs remain a vital priority [22]. The Tier Classification for Global SDG Indicators by the
Inter-agency and Expert Group on SDG Indicators (IAEG-SDGs) provided a systematic set
of evaluation indicators for the detailed assessment at the national levels [23]. Although
the methodological development and the data availability are continuously improving,
the insufficient consideration of extensive interconnection among the indicators and the
weakness of statistical approaches in their assessment cause difficulty in the full progress
appraisal of SDGs [24]. The optimization of an approach to accommodate the multicollinearity can efficiently track the progress of cryosphere services to the national SDG priorities
in H-K.
Therefore, we established the network involving cryosphere services and the national
SDG priorities in the countries of H-K, including Afghanistan, Pakistan, India, China, Nepal
and Bhutan, and applied the centrality through social network analysis (SNA) to identify
the cryosphere services that critically contributes to the national SDG priorities as well as
the key targets that are contributed most by the cryosphere services. In addition, a set of
principal indicators are then selected by principal component analysis (PCA) in alignment
with six entry points (SEPs) for the implementation to advance SDGs [25]. Consequently,
we can then demonstrate the dependency of SEPs on cryosphere services through each
principal indicator in association with the SDG priorities of H-K countries.
2. Materials and Methods
2.1. Study Region
The H-K mountain ranges extend covered 1,550,000 km2 , across Afghanistan, Pakistan, China, India, Nepal, and Bhutan as shown in Figure 1 [26]. This area is one of the
regions mostly affected by the cryosphere in the low latitudes around the world, with
32,637 glaciers covering a total area of 41,514 km2 in this region [3]. The H-K mountain
cryosphere is also the origin of the Indus, Tarim, Ganges and Brahmaputra rivers to benefit
human well-being on a large scale. Approximately 869 million people living in these river
basins rely on various services [7]. The stability of cryosphere service is crucial to the
essential needs, social development and biodiversity protection in the H-K [10].
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Figure 1. Six countries (Afghanistan, Pakistan, China, India, Nepal, Bhutan) and four river basins
Figure 1. Six countries (Afghanistan, Pakistan, China, India, Nepal, Bhutan) and four river basins
(Indus, Tarim, Ganges and Brahmaputra) in the H-K mountains.
(Indus, Tarim, Ganges and Brahmaputra) in the H-K mountains.
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More specifically, eigenvector centrality is a measurement to evaluate a node’s influence in a network [32]. The eigenvector centrality of the nodes EC(i) depends on the
weight and number of neighbors, xi is:
n

EC(i) = xi = c ∑ Aij xj

(1)

j=1

where c is the proportional constant, x = [x1 , x2 , x3 , · · · , xn ]T , and T is the matrix transpose.
Aij is the adjacency matrix assigned by the score of adjacent nodes xj in the network.
Aij = 1 represents there is a link between nodes xi and xj and zero otherwise. x is the
eigenvector corresponding to the eigenvalue c−1 of the matrix A. The eigenvector centrality
of cryosphere services does not merely count how many targets are linked, but it also
considers the degree of those targets.
The community modularity algorithm measures the quality of the partitions and the
resolution limit in community detection [33]. The Newman–Girvan algorithm (2004) for
discovering the modules of a network consists in optimizing modularity with the largest
value Q [34]. Cryosphere services that influence the SDGs are directed and weighted
networks. It has been proposed to account for the directionality of the links summarized
as follows:
"
#
out
kin
1
i kj
Q=
(2)
∑ Aij − 2m
2m C∑
∈P i,j∈C
where ki = ∑ Aij are the sum of the weights of the degrees of the vertices attached to vertex
j

xi , kin
i = ∑ Aij is the sum of the weights of the links from xi to nodes in community C and
j

kout
= ∑ Aji . m = ∑ Aij /2 is the sum of the weights of all the links in the network.
j
j

ij

2.3.2. PCA Approach to Identify Principal Indicators in SEPs
There is significant redundancy with high correlation coefficients among SDG indicators [22]. The Global Sustainable Development Report 2019 proposed the six entry points
(SEPs) to advance the national SDG progress [25]. We may apply the principal component
analysis (PCA) [35,36] to cluster and calculate the indicators weight in alignment with SEPs,
to overcome the redundancy.
PCA is the eigenvector-based multivariate method to reduce the dimension, calculate
weight and make a comprehensive comparison of explanatory variables [37]. The indicators
of the national SDG priorities identified by SNA are converted into the independent
principal components in alignment with SEPs. The cumulative variance contribution rate
of m principal component to measure the degree of interpretation is:
p

Z=

λi

∑ ∑m

i=1

i=1 λi

Zi

(3)

where Zi is the variance contribution rate of principal component i (i ∈ m ≤ p). The
cumulative variance contribution rate αp ≥ 0.85 and the eigenvalue λi ≥ 1 as the criterion
for the principal components of cryosphere services to the national SDG priorities.
Each SEP is described by a set of independent principal components, and then the
matrix of component score to establish the relationship between principal components and
indicators for the weight calculation. The comprehensive score, which is the cumulative
variance multiplied by component score, is used as a weight to describe the significance of
each indicator in each SEP, demonstrating their importance to the SDG implementation
pathways on the aspect of human, economy, food, energy, society and environment. The
dependence of SEPs on cryosphere services through each principal indicator considering
the individual priorities at a national scale can then be identified based on the score, which is
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the comprehensive score multiplied by the centralities of the network. The comprehensive
score in PCA represents the explainability of an indicator in SEPs, and the centralities in
SNA represent the importance of an indicator in the network of cryosphere services to
advance the national SDG priorities.
3. Result
3.1. National SDG Priorities in H-K Region
Six countries in H-K, including Afghanistan, Pakistan, India, China, Nepal, and
Bhutan, submitted the VNRs to integrated the SDGs into its national development strategies
during 2016–2021. We illustrated the national SDG priorities and the overall priorities
in H-K as shown in Figure 2. The commitment to multi-poverty alleviation remains a
crucial focus to the greatest regional challenge and sustainable development. ‘No poverty’
(SDG 1), ‘Zero hunger’ (SDG 2), ‘Good health and well-being’ (SDG 3), and ‘work and
economic’ (SDG 8) constitute the main priorities to human well-being. All countries are
concerned about fairness. Specifically, some countries (e.g., Nepal, India, Pakistan) are
priorities to ‘gender equality’ (SDG 5), while others (e.g., Afghanistan, Bhutan, China) are
priorities to ‘reduce inequalities’ (SDG 10). ‘Partnership for the goals’ (SDG 17) acts as the
in coordinating governance, financing, individual and collective actions, science
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From the national standpoint, Afghanistan and Bhutan are committed to the ‘work
and economic’ (SDG 8) and ‘production and consumption’ (SDG 12) to eliminate the
multidimensional poverty. A ‘peace, justice and strong institution’ (SDG 16) is fundamental
in coordinating resource allocation to reduce inequalities (SDG 10). Pakistan prioritizes
the human basic needs, like SDG 2 (i.e., zero hunger), SDG 3 (i.e., health), SDG 7 (i.e.,
clean energy), etc. In addition to the common SDG priorities, India is also concerned with
the services of marine ecosystem (SDG 14). The combination of ‘clean energy’ (SDG 7)
and ‘infrastructure’ (SDG 9) are priorities (e.g., China, Nepal) to the energy supply and
transition towards low-carbon development. Moreover, China is also committed action
towards environmental and biodiversity conservation (SDG 15). ‘Climate action’ (SDG 13)
prioritizes to the co-benefits of biodiversity and livelihood generation (e.g., Afghanistan,
Bhutan, China, Pakistan).
3.2. Network of Cryosphere Services and National SDG Priorities
The multiple services are interconnected with the national SDG priorities. Meanwhile,
a large number of inherent interlinkage among SDG targets (Figure S1) should also be
considered. The network of cryosphere services to the national SDG priorities in H-K
is shown in Figure 3. The services to advance the key targets are elucidated with
the
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Table 1. The centralities of cryosphere services to advance the national SDG priorities.

Cryosphere Services
Clean energy
Infrastructure and engineering
Freshwater
Runoff regulation

Afghanistan
0.527

Pakistan
0.497

China
0.361

India
0.389

Nepal
0.578

Bhutan
0.431

0.876

0.666

0.503

0.637

0.744

0.794

0.933
0.969

0.582
0.636

0.693
0.743

0.517
0.680

0.540
0.596

0.666
0.690
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Table 1. The centralities of cryosphere services to advance the national SDG priorities.
Cryosphere Services

Afghanistan

Pakistan

China

India

Nepal

Bhutan

Clean energy
Infrastructure and engineering

0.527
0.876

0.497
0.666

0.361
0.503

0.389
0.637

0.578
0.744

0.431
0.794

Freshwater
Runoff regulation
Hydrothermal regulation
Habitation

0.933
0.969
0.637
0.796

0.582
0.636
0.440
0.557

0.693
0.743
0.590
0.686

0.517
0.680
0.389
0.504

0.540
0.596
0.380
0.507

0.666
0.690
0.467
0.603

Climate regulation
Research and education
Environment regulation

0.960
0.745
0.119

0.641
0.585
0.102

0.696
0.737
0.060

0.659
0.627
0.147

0.567
0.745
0.110

0.738
0.657
0.128

Snow and ice material
Aesthetic and recreation
Religious, spirit, culture

0.254
0.487
0.289

0.077
0.259
0.130

0.051
0.357
0.353

0.088
0.339
0.170

0.100
0.252
0.153

0.158
0.358
0.182

Note: the centralities of each country are not comparable among the different network structures.

Cryosphere services beneficial to the SDG priorities and key targets are different at
the national level (Figure 3). As for Afghanistan, ‘freshwater’ (0.933), ‘runoff regulating’
(0.969) and ‘climate regulation’ (0.960) have higher centralities to promote agricultural
development (targets 2.1, 2.3, 2.4, etc.) and eradicate extreme poverty for all (target 1.1 and
1.2). ‘Habitation’ (0.796) has the supporting services associate with the others to support
the agricultural ecosystem and enhance the ability to prevent or reduce natural disasters
(target 1.5, 10.7, 12.3, etc.). Additionally, ‘research and education’ (0.745) are associate with
‘infrastructure and engineering’ (0.876) to strengthen the measures (target 12.a, 13.2, 13.3,
etc.) and minimize the adverse impacts of natural disasters (target 3.9, 3.d, 12.4, etc.).
As for Pakistan, agricultural development (target 2.1, 2.3, 2.4, etc.) and eradicate
extreme poverty (target 1.1, 1.2) are mainly the key targets in the network of cryosphere
services to promote the national SDG priorities. ‘Freshwater’ (0.582), ‘runoff regulating’
(0.636), ‘climate regulation’ (0.641), ‘research and education’ (0.585) and ‘habitation’ (0.557),
related to cryospheric meltwater, are mainly services to promote these targets. ‘Research
and education’ (0.585), ‘infrastructure and engineering’ (0.666) and ‘climate regulation’
(0.641) are in the network community to strengthen resilience and adaptive capacity to
climate-related hazards and natural disasters (target 13.1, 3.9, 3.d, etc.).
As for China, the target 15.1 (terrestrial and inland freshwater ecosystems), 15.2
(sustainable management of forests), 15.3 (combat desertification, restore degraded land
and soil) and 15.5 (reduce the degradation of natural habitats) are the key targets for the
ecosystem conservation and management in the network. ‘Freshwater’ (0.693), ‘runoff
regulating’ (0.743) and ‘hydrothermal regulation’ (0.590) are in the network community
to restore the ecosystems environment (target 6.6, 15.1, 15.2, 15.4, 15.5, etc.), which are
also significant affect the agricultural system and human health (target 2.1, 2.3, 2.4, etc.).
In addition to supporting these ecosystem targets, ‘climate regulation’ (0.697) ‘habitation’
(0.686) ‘research and education’ (0.737) and ‘infrastructure and engineering’ (0.503) are also
associated to reduce the impact of natural disasters (target 13.1, 3.9, 3.d, etc.).
As for India, economic growth and employment opportunities (target 8.1, 8.4) and
eradication of extreme poverty for all (target 1.1 and 1.2) are the priorities with the highest
centralities in the network. ‘Freshwater’ (0.51), ‘habitation’ (0.504), and ‘runoff regulation’
(0.680) are associated to establish the sustainable agricultural system (target 2.1, 2.3, 2.4, etc.)
and further promote the economic growth (target 8.1, 8.4, etc.). ‘Research and education’
(0.585), ‘infrastructure and engineering’ (0.666), ‘climate regulation’ (0.641), and ‘research
and education’ (0.627) are in the network community to strengthen resilience and adaptive
capacity to climate-related hazards and natural disasters (target 13.1, 3.9, 3.d, etc.).
As for Nepal, achieving the economic growth (target 8.1) has the highest centralities
among the national priorities. ‘Aesthetic and recreation’ (0.252), ‘religious, spirit, culture’
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(0.153) and ‘snow and ice material’ (0.100) are grouped to the tourism economy (target
8.1, 8.5, 8.9). ‘Freshwater’ (0.540), ‘runoff regulating’ (0.596), ‘clean energy’ (0.578) and
‘habitation’ (0.507) are in the network community for agricultural economic development
(target 2.1, 2.3, 2.4) and eradication of extreme poverty (target 1.1 and 1.2). ‘Infrastructure
and engineering’ (0.744) and ‘climate regulation’ (0.567) are communities for infrastructure
(e.g., house, transportation, etc.) to strengthen the resilience and adaptive capacity (target
9.1, 4.a, 9.4). ‘Research and education’ (0.745) is associated with the other services to
promote the most targets in this network.
As for Bhutan, ‘strengthen resilience and adaptive capacity’ (target 13.1), ‘build the
resilience of the poor and those in vulnerable situations’ (target 1.5), ‘decouple economic
growth from environmental degradation’ (target 8.4), ‘substantially reduce the number
from hazardous and contamination’ (target 3.9) and ‘strengthen the capacity and management of risk’ (target 3.d) showed significant synergies characteristics. ‘Infrastructure and
engineering’ (0.794) and ‘climate regulation’ (0.738) with the highest centralities to promote
these priorities. In addition, ‘freshwater’ (0.666), ‘runoff regulating’ (0.690) and ‘habitation’
(0.603) are associated to the support of the agricultural ecosystem (targets 2.1, 2.3, 2.4, 10.7).
3.3. Principal Indicators in Relation to the National SDG Priorities
The key targets with the centralities (Table S1) in Afghanistan (27), China (35), Bhutan
(27), Pakistan (26), Nepal (28), and India (26) represent their dependency on the cryosphere
services to advance the national SDG priorities. By considering the centralities and comprehensive score of PCA (Table S2), the principal indicators of cryosphere services to
implement the national pathways in SEPs are shown in Figure 4 for all H-K countries. See
Table S3 for details. The specific method is detailed in Section 2.3.
In Afghanistan, four SEPs are involved (without entry point 4 and 6). The indicators 1.2.1 (proportion of population living below the national poverty line), 1.5.2 (direct
economic loss attributed to disasters), 3.9.3 (unintentional mortality rate) and 3.d.1 (international health regulations (IHR) capacity) explain 87.28% of the pathway to strengthen the
human well-being and capabilities (entry point 1). The indicators 8.1.1 (annual growth rate
of real GDP per capita), 8.4.2 (domestic material consumption per GDP) and 8.5.2/12.2.2
(unemployment rate) explain 84.50% of the pathway to shift towards sustainable and just
economies (entry point 2). The cumulative weight of the indicators 2.1.1 (prevalence of
undernourishment) and 2.5.1 (genetic resources for food and agriculture secured) account
for 86.07% of the pathway to build sustainable food systems and healthy nutrition patterns
(entry point 3). The indicators 10.7.4 (proportion of the refugee population) and 1.5.1/13.1.1
(number of affected persons attributed to disasters) account for 96.21% of the pathway to
promote urban and peri-urban development (entry point 5).
In Bhutan, five SEPs are involved (without entry point 4). The indicators 1.1.1 (proportion of population living below the international poverty line), 1.2.2 (proportion of all ages
living in national poverty in all its dimensions), 1.5.1 (number of affected persons attributed
to disasters) and 3.9.3 (unintentional mortality rate) explain 83.35% of the pathway to
strengthen the human well-being and capabilities (entry point 1). The indicators 8.1.1
(annual growth rate of real GDP per capita), 8.4.2/12.2.2 (domestic material consumption
per GDP) and 12.4.2 (hazardous waste generated per capita) explain 89.08% of the pathway
to shift towards sustainable and just economies (entry point 2). The cumulative weight
of the indicators 2.a.1 (the agriculture orientation index for government expenditures)
and 2.5.1 (genetic resources for food and agriculture secured) account for 86.07% of the
pathway to build sustainable food systems and healthy nutrition patterns (entry point 3).
The indicators 13.1.1 (number of affected persons attributed to disasters), 1.a.2 (proportion
of total government spending on essential services) and 10.7.4 (proportion of the refugee
population) explain 96.21% of the pathway to promote urban and peri-urban development
(entry point 5). The indicator 13.2.2 (total greenhouse gas emissions per year) is the unique
indicator of the pathway to secure the global environmental commons (entry point 6).
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In China, six SEPs are involved. The indicators 1.2.1 (proportion of population living
below the national poverty line) and 1.1.1 (proportion of population living below the
international poverty line) explain 80.84% of the pathway to strengthen human well-being
and capabilities (entry point 1). The indicators 8.4.2 (domestic material consumption per
GDP), 9.4.1 (CO2 emission per unit of value added) and 8.1.1 (annual growth rate of real
GDP per capita) consist of the minimize indicator subsets of services to shift towards
sustainable and just economies (entry point 2). The cumulative weight of the indicators
2.1.1 (prevalence of undernourishment) and 2.a.1 (the agriculture orientation index for
government expenditures) account for 86.30% of the pathway to build food systems and
healthy nutrition patterns (entry point 3). The indicators 7.1.2 (proportion of population
with primary reliance on clean fuels and technology) and 7.3.1 (energy intensity measured
in terms of primary energy and GDP) explain 80.61% of the pathway to the energy decarbonization and universal access to energy (entry point 4). The indicators 9.5.1 (research
and development expenditure as a proportion of GDP), 10.7.4 (proportion of the refugee
population) and 1.5.1/13.1.1 (number of affected persons attributed to disasters) account
for 93.68% of the pathway to promote urban and peri-urban development (entry point 5).
The indicators 15.1.1 (forest area as a proportion of total land area), 15.2.1 (progress towards
sustainable forest management) and 15.4.2 (mountain green cover index) explain 81.44% of
the pathway to secure global environmental commons (entry point 6).
In India, five SEPs are involved (without entry point 4). The indicators 1.2.1 (proportion
of population living below the national poverty line), 3.9.3 (unintentional mortality rate) and
3.d.1 (International Health Regulations (IHR) capacity and health emergency preparedness)
explain 92.37% of the pathway to strengthen the human well-being and capabilities (entry
point 1). The indicators 8.1.1 (annual growth rate of real GDP per capita), 8.4.2 (domestic
material consumption per GDP) and 8.5.2 (unemployment rate) explain 82.68% of the
pathway to shift towards sustainable and just economies (entry point 2). The cumulative
weight of the indicators 2.3.1 (volume of production per labor unit), 2.a.1 (the agriculture
orientation index for government expenditures) and 2.1.1 (prevalence of undernourishment)
explain 90.33% of the pathway to build food systems and healthy nutrition patterns (entry
point 3). The indicators 1.a.1 (total official development assistance) and 9.5.1 (research and
development expenditure as a proportion of GDP) constitute the minimize indicator subsets
of the pathway to promote urban and peri-urban development (entry point 5). Marine
conservation (SDG 14) is the priority of the global environment commons in India. The
indicators 14.5.1 (coverage of protected areas in relation to marine areas) and 14.1.1 (index
of coastal eutrophication and plastic debris density) constitute the minimize indicator
subsets of the pathway to secure global environmental commons (entry point 6).
In Nepal, five entry points are involved (without entry point 6). The indicators 1.1.1
(proportion of population living below the international poverty line), 3.9.3 (unintentional
mortality rate), 1.5.2 (direct economic loss attributed to disasters) and 1.2.2 (proportion of
all ages living in national poverty in all its dimensions) explain 83.96% of the pathway to
strengthen the human well-being and capabilities (entry point 1). The cumulative weight
of indicators 8.1.1 (annual growth rate of real GDP per capita), 8.4.2 (domestic material
consumption per GDP) and 9.4.1 (CO2 emission per unit of value added) account for
97.85% of the pathway to shift towards sustainable and just economies (entry point 2). The
indicators 2.a.1 (the agriculture orientation index for government expenditures) and 2.1.1
(prevalence of undernourishment) explain 89.14% of the pathway to build food systems and
healthy nutrition patterns (entry point 3). The indicators 7.1.2 (proportion of population
with primary reliance on clean fuels and technology), 7.3.1 (energy intensity measured
in terms of primary energy and GDP) and 7.2.1 (renewable energy share in the total final
energy consumption) explain 84.30% of the pathway to the energy decarbonization and
universal access to energy (entry point 4). The cumulative weight of indicators 1.5.3
(number of countries that adopt and implement national disaster risk reduction strategies)
and 9.5.1 (research and development expenditure as a proportion of GDP) account for
82.09% of the pathway to promote urban and peri-urban development (entry point 5).
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4. Discussions
Enabling policies and sustainable solutions have to be developed in alignment with
the national circumstance [14]. Commitment to poverty alleviation remains the greatest
challenge of global sustainable development [11]. The Human Development Index (HDI) in
H-K is significantly lower than the global average [38]. SDG 1 (i.e., no poverty), SDG 2 (i.e.,
end hungry), SDG 3 (i.e., good health and well-being), SDG 8 (i.e., decent work and economic growth) and SDG 9 (i.e., infrastructure), as the unfinished Millennium Development
Goals (MDGs), are continues of the priorities to eliminate multi-dimension poverty [39].
Moreover, all these SDG priorities are more commonly associated with another [40]. Low
income, food shortage, low levels of education, lack of water sanitation and energy supplies,
unemployment, and other deprivations have a mutually reinforcing effect and impact on
human well-being [25]. The success to tackle one issue would have to involve others
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H-K is vulnerable to food insecurity considering the relevant countries normally with
a high poverty rate [10]. An increase in agriculture development is efficient to end hunger
(SDG 2) and improve healthy nutrition patterns (SDG 3), and eliminate multi-dimensional
poverty (SDG 1). The meltwater associated with ‘runoff regulation’ critically affects the
prevailing agriculture and sustainable food systems, especially in the dry season [8,9]. The
meltwater accounts for 40 percent of the river’s flow and plays a vital role in socio-economic development (e.g., Pakistan, Afghanistan) [10]. The changes in cryosphere would
harness the impact on meltwater supply paralleled with the declining ability to serve the
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prevailing agriculture and sustainable food systems, especially in the dry season [8,9].
The meltwater accounts for 40 percent of the river’s flow and plays a vital role in socioeconomic development (e.g., Pakistan, Afghanistan) [10]. The changes in cryosphere would
harness the impact on meltwater supply paralleled with the declining ability to serve
the demand of societies, which would increase the risks faced in high mountains [49–51].
Seasonal changes mismatch with the supply will significantly affect the water efficiency and
exacerbate the risks of water resources dispatch [6]. ‘Runoff regulation’ is significant to the
regional water regulation (e.g., India, Bhutan, Nepal). In addition, the ‘freshwater’, ‘runoff
regulation’ associated with the ‘hydrothermal regulation’ and ‘habitation’ are essential
to the biodiversity protection. However, the environment targets with lower centralities
reflect the fragile ecosystem have not received enough attention in most countries (e.g.,
Afghanistan, Pakistan, India, Nepal, Bhutan).
The adverse impacts of climate change could be considerable in the H-K mountains [10]. The food supply system, economic and trade chains, tourism, and industries in
H-K are vulnerable to climate change and natural disasters [11]. Meanwhile, the climate
adaptation capacity and resilience of the poor are relatively low [10]. ‘Research and education’, ‘infrastructure and engineering’ and ‘climate regulation’ are engaged in the resilience
and adaptive capacity to the climate-related hazards and natural disasters. Especially the
‘infrastructure and engineering’ with the highest centralities are vital to the water supply
fluctuations and variability (e.g., India, Pakistan, Nepal, Bhutan). ‘Research and education’
are associated with other services to improve the awareness of disaster prevention and thus
reduce the impact of natural disasters. In addition, hydropower remains the driver of the
economy with enormous potential to the national priorities in H-K (e.g., Nepal, Bhutan,
India, Pakistan) [52,53], which heavily relies on the large infrastructure constructure (e.g.,
reservoirs, dams) in mountains [54]. The ‘clean energy’, ‘infrastructure and engineering’
and ‘freshwater’ are communities to universal access to freshwater (SDG 6) and clean
energy (SDG 7), and further increase water efficiency (SDG 6) to promote employment and
economic development (SDG 8, 9).
Although ‘ice and snow material’, ‘aesthetic and recreation’, and ‘religious, spiritual,
culture’ with the lower centralities, the combination of these services has a stable community
to serve the specific targets (e.g., Afghanistan, Pakistan, China, India, Nepal, Bhutan). The
spectacular cryospheric scenery [55] and religious heritages (e.g., Hindu and Buddhist,
etc.) in H-K countries (e.g., India, Nepal, Bhutan, China) have the tremendous potential
to promote sustainable tourism (target 8.9) and ‘create employment opportunities’ (target
8.5) to meet the sustain economic growth (target 8.1), which also contribute to ‘protect the
cultural and natural heritage’ (target 11.4) and ‘sustainable management and efficient use
of natural resources’ (target 12.2). We emphasize that the stability of domestic political
and social systems is the prerequisite for cultural services to promote the national SDG
priorities (e.g., Afghanistan, Pakistan).
4.2. Multi-Dimensional Implementation Pathways to Meet SDGs
Monitoring and evaluation of progress towards SDGs remains a vital priority [22].
From the indicators perspective, the pathway of cryosphere services to strengthen human
wellbeing and capabilities (entry point 1) includes two aspects: one is engaging livelihood
to eliminate poverty (i.e., indicator 1.1.1, 1.2.1, etc.); the other is improving the capabilities
to resist the disasters under climate change (i.e., indicator 3.9.3, 3.d.1, 1.5.1/1.5.2, etc.).
The specific concepts of welfare, such as human wellbeing function (HWF) [56] and sustainable wellbeing index (SWI) [57], are comprehensive measurements to the entry point
1. The pathway of cryosphere services to shift towards sustainable and just economies
(entry point 2) has scaled up its nationally determined contributions (i.e., indicator 8.1.1,
8.5.2/12.2.2, etc.) and carbon neutrality (i.e., indicator 8.4.2, 9.4.1, etc.). Net output considering environmental damages [58–60] is helpful to match the sustainable economy. The
pathway of cryosphere services to build food systems and healthy nutrition patterns (entry
point 3) aims to end hunger and undernourishment (i.e., indicator 2.1.1, 2.3.1, 2.a.1). The
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agriculture yields rely on the meltwater and other services are directly reduce hunger and
malnutrition for mountain people [9,50]. The pathway of cryosphere services to the energy
decarbonization and universal access to energy (entry point 4) are mainly concentrated on
energy supply (i.e., indicator 7.1.2, 7.2.1, 7.3.1) and technology capacity (i.e., indicator 7.a.1,
7.b.1). The hydropower potentials converse into generating capacity affects the energy
supply in H-K to a certain extent [7,53]. The pathways of cryosphere services to promote
urban and peri-urban development (entry point 5) are prone to the essential services (i.e.,
indicator 1.a.1, 1.a.2, 9.5.1) and disasters risk reduction (i.e., indicator 10.7.4, 1.5.1/13.1.1,
1.5.3). Multiple cryosphere services to the essential needs are the nature-based solution
to enhance the ability to resist risks of climate change [10]. The pathway of cryosphere
services to secure global environmental commons (entry point 6) are concentrated on the
biodiversity conservation (i.e., indicator 15.1.1, 15.2.1, 15.4.2, 15.5.1) (e.g., China) and marine
protection (i.e., the indicator 14.1.1, 14.5.1) (e.g., India). Notwithstanding that biodiversity
contributes to the fulfillment of most SDG targets [61], the principal indicators are more
inclined to economy development. Total greenhouse gas emissions (indicator 13.2.2) is an
important complement in this path (e.g., Bhutan, Pakistan).
5. Conclusions
The national SDG priorities reflect the most urgent needs of sustainable development
in H-K countries. ‘No poverty’ (SDG 1), ‘zero hunger’ (SDG 2), ‘good health and wellbeing’ (SDG 3) and ‘work and economic’ (SDG 8) are mostly relevant in H-K. ‘Partnership
for the goals’ (SDG 17) can take an important role in coordinating governance, financing,
individual and collective actions, science and technology, to eliminate the multidimensional
poverty (SDG 1, 2, 3, 8) and achieve equality (SDG 5, 10).
Cryosphere services demonstrate significance to advance the national SDG priorities.
As illustrated by the SNA for the roles of cryosphere services, ‘climate regulation’, ‘research
and education’, ‘runoff regulation’, ‘freshwater’ and ‘infrastructure and engineering’ with
the highest centralities to promote the national SDG priorities in H-K. Specifically, ‘runoff
regulation’, ‘climate regulation’, ‘freshwater’, and ‘infrastructure and engineering’ are
priorities to the sustainable agriculture (SDG 2) and economic development (SDG 8, 12)
(e.g., Afghanistan, Pakistan, China, India, Nepal, Bhutan), which are also efficient to the
climate action (SDG 13) and ecosystem conservation (SDG 15) (e.g., China). ‘Research and
education’, ‘infrastructure and engineering’ and ‘climate regulation’ are engaged in the
resilience and adaptive capacity to the climate-related hazards and natural disasters for all
the H-K countries.
The principal indicators in association with the SDG priorities and key targets constitute the implementation pathway of cryosphere services to the national SDG priorities.
The principal indicators identified with the comprehensive score of PCA multiplied by the
centralities in the network with an explanation rate of more than 85% in Afghanistan (11),
Pakistan (13), India (13), China (15), Nepal (14), and Bhutan (12). The dependency of SEPs
on cryosphere services to advance the national SDG priorities through a set of principal
indicators in alignment with SEPs, including human wellbeing and capabilities (indicator
1.1.1, 1.2.1, 1.5.2, 3.9.3, etc.); sustainable and just economies (indicator 8.1.1, 8.5.2/12.2.2,
8.4.2, 9.4.1, etc.); food systems and healthy nutrition patterns (indicator 2.1.1, 2.3.1, 2.a.1,
2.5.1, etc.); energy decarbonization and universal access to energy (indicator 7.1.2, 7.3.1,
7.a.1, etc.); urban and peri-urban development (indicator 10.7.4, 1.5.1/13.1.1, 1.5.3, 9.5.1,
etc.); and global environmental commons (indicator 13.2.2, 15.1.1, 15.2.1, 14.1.1, etc.).
Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/su14052532/s1, Figure S1: The synergies among targets related to
cryosphere services in H-K countries. Table S1: The key targets (centralities) related to cryosphere
services in H-K countries; Table S2: The indicators (PCA weight) of cryosphere service in achieving
the national SDG priorities in SEPs. Table S3: The principal indicators of cryosphere service to
promote the national priorities SDGs in SEPs.
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