Ambio
https://doi.org/10.1007/s13280-021-01681-0

q

Check for
updates

THE ROYAL SWEDISH ACADEMY OF SCIENCES

PERSPECTIVE

Increasing collaboration between China and India
in the environmental sciences to foster global sustainability

Eben Goodale, Christos Mammides, Wambura Mtemi,

You-Fang Chen, Ranjit Barthakur, Uromi Manage Goodale, Aiwu Jiang,
Jianguo Liu, Saurav Malhotra, Madhava Meegaskumbura, Maharaj K. Pandit,

Guangle Qiu, Jianchu Xu, Kun-Fang Cao

, Kamaljit S. Bawa

Received: 30 January 2021/Revised: 17 September 2021/ Accepted: 24 November 2021

Abstract As the two largest countries by population, China
and India have pervasive effects on the ecosphere. Because
of their human population size and long international
boundary, they share biodiversity and the threats to it, as
well as crops, pests and diseases. We ranked the two
countries on a variety of environmental challenges and
solutions, illustrating quantitatively their environmental
footprint and the parallels between them regarding the
threats to their human populations and biodiversity. Yet we
show that China and India continue to have few co-
authorships in environmental publications, even as their
major funding for scientific research has expanded. An
agenda for collaboration between China and India can start
with the shared Himalaya, linking the countries’ scientists
and institutions. A broader agenda can then be framed
around environmental challenges that have regional patterns.
Coordinated and collaborative research has the potential to
improve the two countries’ environmental performance,
with implications for global sustainability.

Keywords Conservation - Developing countries -
Environmental science - Pollutants - Sustainability

INTRODUCTION

The conflict in 2020 at the border between China and India
(Goldman 2020) should serve as a reminder about the
opportunities and obstacles to foster global sustainability
and biodiversity conservation through coordinated action.
The two mega-biodiverse countries of the world (Mitter-
meier and Mittermeier 1997) include parts of five global
biodiversity hotspots (Mittermeier et al. 2004), one of
which, the Himalaya mountain range with its associated
large river basins, is of continental scale (Pandit 2017; Xu
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et al. 2019). Equally important is how their large human
populations (36.3% of the world in 2019; popula-
tion.un.org), economies (19.0% of the cumulative global
gross domestic product [GDP] in 2018; data.world-
bank.org), and their trajectories of economic growth (an-
nual rates, respectively of 9.3% and 6.4% over the 30 years
previous to 2019; World Bank data) impact the regional
and global environment (Dahlman 2012). Here, we com-
pare the two countries’ environmental footprints, providing
their global rankings on environmental issues that threaten
to overshoot planetary boundaries. Given their combined
size and economic impact, shared environmental threats
and footprints, and the richness of their biodiversity and
associated ecosystem services, we will argue that the two
countries hold the key to global sustainability.
Unfortunately, because of cultural and linguistic differ-
ences, and the history of geopolitical tensions like the
border dispute, cooperation in the environmental sciences
between the two countries has been limited (Bawa et al.
2010). Yet transboundary coordination in environmental
problem-solving and conservation between neighboring or
regional countries is increasingly seen as both more effi-
cient and effective than purely within-country planning
(Kark et al. 2009; Mason et al. 2020; Mammides et al.
2021). Also, it is essential to incorporate interactions
between neighboring and distant countries to achieve the
UN Sustainable Development Goals (SDGs, Liu 2018). We
set out to measure the pulse of collaboration between the
two countries, given that over the past decade, they have
both sought to enlarge their presence in the innovation
economy with an increased emphasis on research and
development (Gackstatter et al. 2014), particularly in
higher education (Jons and Hoyler 2013). To do this, we
analyzed co-authorship trends in research articles in the
environmental sciences, and looked at the growth in
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research funding. Equipped with evidence of a lack of
collaboration, despite increasing research funding, we then
developed an agenda for collaboration and coordination
among the two countries in the environmental sciences.
Such an agenda aims to provide the knowledge base and
policy recommendations to transform their shared threats
into opportunities, reduce their environmental footprint,
and help the world move towards sustainability.

COMPARING CHINA AND INDIA IN THEIR
ENVIRONMENTAL FOOTPRINTS

While there are summary articles on the overall environ-
mental health of China (Liu and Diamond 2005; Liu et al.
2018), articles on India tend to be more issue-specific (e.g.,
Ghosh-Harihar et al. 2019; India State-Level Disease
Burden Initiative Air Pollution Collaborators 2019). Fur-
ther, environmental report cards, e.g., the Environmental
Performance Index (EPI; epi.yale.edu), evaluate the envi-
ronmental conditions that citizens of countries experience,
but not necessarily the impact of the countries beyond their
borders. Hence, there is a need for a fresh analysis com-
paring the environmental footprints of these two countries.

We used the planetary boundaries concept (Steffen et al.
2015) as an overarching framework to identify environ-
mental problems. Of the nine issues described therein, we
cover all but stratospheric ozone depletion, an issue that
has stabilized thanks to concerted international efforts
(Solomon et al. 2016). For biodiversity and ecosystem
services, we rely on the EPI global rankings on these
topics, as they use multiple data sources to address their
complex nature. We acknowledge that the issues included
in this study are selective, based on the ability to get ranked
data at a country-level. For example, the illegal wildlife
trade, a global issue important to biosphere integrity, was
excluded because of the difficulty of collecting ranked
information on the many species listed in CITES (https:/
cites.org).

We find the two countries standout globally when ranking
environmental problems at the country-level: for thirteen
issues for which the countries were ranked as to their con-
tributions (not including the EPI ratings), China was ranked
first eight times and India was ranked first three times
(Table 1). As most of these data represent totals at the
country level, these patterns are a consequence of the large
population sizes and geographic extents of these countries.
In contrast, air pollution data is expressed as an average
exposure, adjusted to the number of people exposed (https://
www.stateofglobalair.org), and hence demonstrates that at
the per capita level, the citizens of the two countries have
especially elevated threats to their health. A limitation is that
the analysis is frozen in time, with the information gathered
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between 2010 and 2020, depending on the issue examined.
However, because of India’s higher population growth rate
and consequent growth in emissions, it is likely to overtake
China in some of these rankings over time. For example, this
may have already occurred with SO, emissions (Li et al.
2017), and it is expected to occur in mercury emissions over
the next decade (AMAP/UN Environment 2019).

The issues in Table 1 vary in the scale at which the
impacts are felt. Our categories of scale are qualitative, and
the scale of the effects related to any specific planetary
boundary may be greater than those indicated for the
specific issue listed in the table: for example, aerosols of
black carbon are known to affect the South Asian monsoon,
producing regional level effects (Ramanathan et al. 2005).
Climate change is clearly global, but other issues stretch
from the regional to the global, including emissions to the
atmosphere, such as N and Hg emissions, that lead to
widespread deposition. The global supply chain, repre-
sented in our analysis by palm oil and roundwood imports,
applies pressure on Asian countries, as well as those further
afield. Effects of biodiversity conservation, or of persistent
organic pollutants, will mostly be felt in the home country,
but will affect other countries through transboundary
movement of animal species, especially migrants, and
water. At the local level, China and India share important
environmental health issues that affect their populations.
For example, the deaths of 1.2 million people in each
country in 2017 were attributable to air pollution (https://
www.stateofglobalair.org/). Moreover, 1 billion people in
India and 900 million in China are thought to be affected
by moderate or severe water scarcity for at least one month
per year (Mekonnen and Hoekstra 2016). Indeed, at the
local level the data support the conclusions of EPI, which
ranks both countries as below average in environmental
performance for their respective GDPs (in their 2020
report, China is ranked for environmental performance as
120th, and India 168th, of 180 countries).

ENVIRONMENTAL SOLUTIONS AND NOVEL
POLICIES

Overemphasis on the negatives, however, neglects the
important role these countries can play when they tackle
problems assertively. Due to their policies as well as their
size, the two countries are also among the global leaders in
carbon sequestration (by expanding natural forests,
afforestation and agriculture in China, though largely due
to agriculture in India; Chen et al. 2019) and renewable
energy (see “Solutions” in Table 1). Both countries have
played constructive roles in building international envi-
ronmental treaties, and specifically in addressing climate
change (Karakir 2018).
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Table 1 China and India’s contributions to, or experience of, environmental issues, both problems and solutions. The selection of issues is
guided by the planetary boundaries concept (Steffen et al. 2015), as shown in the second column; we also indicate roughly the scale of the
impacts of the issue and whether it is constrained to the country itself (‘local’), or is regional or global. The number represents the global rank of
the country in its contribution to a problem/solution. Note that most rows indicate a total for the whole country. In contrast, air pollution metrics
(ozone, PM,5s), estimated by the Health Effects Institute, represent population-weighted annual average concentrations (https://www.
stateofglobalair.org/). The Environmental Performance Index (EPI; https://epi.yale.edu/)’s 2020 report ranks 180 countries, using seven metrics
for their biodiversity index and three metrics for their ecosystem services index, and using cumulatively seven data sources. For the EPI indices,
smaller numbers indicate better performance

Environmental issue Planetary boundary Impact level Unit China India Year of References
assessment
Problems
CO, emissions Climate change; Global MtCO,e 1 3 2018 https://www.climatewatch
ocean data.org/ghg-emissions
acidification
Other greenhouse gases  Climate change Global MtCO,e 1 3 2018 https://www.climatewatch
(CHy, N,O, F-gas) data.org/ghg-emissions
Nitrogen deposition Biochemical flow  Regional kg 1 2 2016 Ackerman et al. (2019)
Mercury emission Biochemical flow  Regional Tonnes 1 4 2015 AMAP/UN Environment
(2019)
Plastic waste production Novel entities Regional (ocean Million 1 2 2015 Lebreton and Andrady
circulation)/local metric tons (2019)
Waste from electrical and Novel entities Local Million 1 4 2016 Baldé et al. (2017)
electronic equipment metric
tonnes
DDT Novel entities Regional (trans- Tonnes 3 4 Through Fiedler et al. (2019)
boundary wildlife)/ produced 2019
local
Atmospheric sulfur (SO,) Aerosol loading Local Tg 1 2 2015 Aas et al. (2019)
Ambient ozone (O3) Aerosol loading Local ppb 44 3 2019 https://www.
pollution stateofglobalair.org
Ambient fine particulate ~ Aerosol loading Local pg/m’ 29 1 2019 https://www.
matter (PM, s) stateofglobalair.org
Annual freshwater Freshwater Regional/local Cubic meters 2 1 2010-2014 https://data.worldbank.org/
withdrawals indicator
Import of palm oil Land-use change Global/regional Million 2 1 2018 DAC&FW (2019)
tonnes
Import of roundwood Land-use change Global/regional Million m® 1 7 2018 FAO (2018)
Ecosystem services Land-use change Local Country 90 93 2020 https://epi.yale.edu
ranking by ranking
EPI
Biodiversity conservation Biosphere integrity Local/regional (trans- Country 172 148 2020 https://epi.yale.edu
boundary species) ranking by ranking
EPI
Solutions
Afforestation (in) Land-use change Global (climate Million 1 6 2020 FAO (2020)
change mitigation) hectares
Net change in leaf area  Climate change Global % 1 2 2017 Chen et al. (2019)
(2000-2017) mitigation
Electric car market shares Climate change Global % 13 28 2020 IEA (2021)
mitigation
Wind electricity Climate change Global GWh 1 4 2018 IEA (2020)
generation mitigation
Solar PV electricity Climate change Global GWh 1 5 2018 IEA (2020)
generation mitigation
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China and India have also developed their own novel
climate change policies that have domestic and interna-
tional implications. Chinese President Jinping Xi
announced in September 2020 ambitious long-term goals
of carbon neutrality by 2060, as well as reaching peak
levels of admissions by 2030 (Maizland 2021). An example
of India’s leadership in sustainable energy is the Interna-
tional Solar Alliance (ISA; https://isolaralliance.org/),
launched in November 2015 by India’s Premier, Narendra
Modi, and the former French President, Francois Hollande,
which promises to cover 121 tropical nations (Shidore and
Busby 2019). India also recently announced plans that it
would meet 50% of its energy requirements from renew-
able energy by 2030, and be carbon neutral by 2070 (MEA
2021).

Both countries have also made progress in the field of
biodiversity conservation, ensuring continued ecosystem
services. China has invested heavily in restoration pro-
jects that have brought benefits in increased forest cover
and reduced soil erosion, among other metrics, although
there has been less success in restoring biodiversity (Hua
et al. 2016; Ouyang et al. 2016; Liu et al. 2018). This
strategy includes compensating those affected by con-
servation policies, and incentivizing environmentally-
friendly decisions (Shang et al. 2018). China has also
expanded its protected areas (PA) system rapidly, reach-
ing 18% of the land cover (Li and Pimm 2020); still PAs
do not include many areas with the highest biodiversity
and ecosystem services (Xu et al. 2017). India’s PA sys-
tem, which has been in place for a longer period of time,
covers only 7.5% of the country (https://www.
protectedplanet.net/country/IND), yet has suffered no
documented species extinctions in 70 years, despite there
often being high levels of human presence in PAs (Ghosh-
Harihar et al. 2019). There are plans to undertake a
National Mission on Biodiversity and Human Wellbeing
(Bawa et al. 2020b), although funding for these ambitious
programs is yet to mature. A further strength for biodi-
versity conservation in India comes from its legal system:
India’s policy on environmental protection mandates that
all major infrastructure development projects include
environmental management plans as part of their envi-
ronmental impact assessment reports (Paliwal 2006).
These development projects provide large funding support
to state forest departments and civil society groups. For
instance, the hydropower companies building power
projects on Himalayan rivers may earmark about USD 13
million per 100 megawatt installed capacity for environ-
mental protection and conservation activities (M. K. Pan-
dit, unpublished data).

As to water resources and pollution safeguards, the
countries’ policies and successes may reflect their dif-
ferent systems of governance and economic realities.
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China has put a lot of investment into pollution control in
the past decade, with tangible results (e.g., reduction in
PM2.5, Xiao et al. 2020). A comparison between the two
countries in water governance concluded that China may
have been more successful in providing water and sani-
tation over the past decades (Araral and Ratra 2016),
although a recent study shows improvement in India since
the announcement of the SDGs, and India gearing their
policies towards SDG realization (Ahmed and Araral
2019). The authors attribute some of the differences in the
success of water policy between the two countries to
China’s greater economic development and its more
centralized form of government in this sphere, compared
to the Indian system that is led at the state-level and has
many different institutions having veto power over each
other (Araral and Ratra 2016). This example reminds us
that similar problems in the two countries may require
very different solutions, based on different economic
situations and mechanisms of government. Nevertheless,
sharing of information about the severity of the problems,
and quantitative assessments of technological and policy
solutions, gives policy-makers in both countries a greater
range of options.

PATTERNS OF COLLABORATION: CO-
AUTHORSHIP AND FUNDING ANALYSES

To gauge the current level of collaboration between the two
countries, we acquired bibliographic information on co-
authorship between institutions in different countries in the
environmental sciences. Co-authorship is but one metric to
gauge collaboration, and cannot detect diplomatic ties and
collaborative economic projects that may not result in a
research paper. Yet co-authorship does seem an appropriate
measuring stick, considering that both countries have
pushed to internationalize their institutes of higher educa-
tion, particularly valuing research articles published in
English (Li et al. 2012; Jons and Hoyler 2013; Rajan et al.
2018). We selected a total of 20 000 articles from journals
in English in the CrossRef database (https://www.crossref.
org/) that concentrated on agriculture, conservation, ecol-
ogy, environmental science, and global change, published
between 2015 and 2018.

We found that most Asian countries had their most
intense research connections to non-Asian research hubs
such as the United States and several Western European
countries, with few connections among Asian countries
(Fig. 1). Indeed, both China and India have long favored
collaborating with international experts who are renown in
their field, and located in historically developed and well-
funded countries on other continents (Jons and Hoyler
2013). The interaction between China and India was
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Fig. 1 A network map showing co-authorship patterns between countries in the environmental science based on 20 000 articles published in
English between 2015 and 2018. Asian countries are shown in green, and other countries in red; the size of label is proportional to the number of
research articles a country produced. Countries are shown if they were included in at least 175 publications, and links between countries are
shown if there were at least 50 co-authorships. The lack of connection between China (CHN) and India (IND) was strongly significant (see text)

particularly lacking, despite both being separately pro-
ductive (at least one author with a Chinese institutional
address was present in 2021 articles; Indian authors were
similarly represented in 537 articles). The two countries
were included in the authorship team together in only eight
articles (and only five in which one of the countries held
corresponding authorship), compared to an expected co-
occurrence based on their productivity of 25.3 articles
(P < 0.009). This deviation from random expectations was
the largest such deviation between any two Asian countries
in the dataset.

This pattern of lack of co-authorship between China and
India has been found across disciplines since the 1990s
(Gupta and Dhawan 2003), but the current environment
brings both new challenges and opportunities. In terms of
higher education, in 2019 some new restrictions were
placed on collaboration between universities in the two
countries, and it was reported that there have been no
official scientific exchanges between the national acade-
mies of the two countries over the previous two years
(Kumar 2019). Yet within the same time period, institu-
tional collaborations like those supported by the
“Scheme for Promotion of Academic and Research Col-
laboration” of the Indian Ministry of Education have
encouraged cooperation with Chinese universities, and
more Indian students have begun to look to China for
higher educational opportunities (Feng and Garg 2021). In
terms of broader societal trends, the pattern of non-col-
laboration is surely influenced by the different political
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alliances of the countries; for example, India is not a par-
ticipant in the Belt and Road Initiative (Huang 2016). Yet
the two countries regularly interact in various alliances
such as BRICS (infobrics.org) and the Shanghai Coopera-
tion Organization (SCO; http://sectsco.org/). Importantly,
the two countries are very highly connected economically,
with China currently being India’s second-largest trading
partner (PTI 2020). A good example of the mutual eco-
nomic dependence of the two countries is that while India
proudly describes itself as the ‘world’s pharmacy’, it
imports about 70% of its active pharmaceutical ingredients
from China (Mukul et al. 2020). Given the interconnection
between economic development and environmental
degradation, particularly for middle-income countries with
rapid growth (Stern 2004; Mills and Waite 2009; Dahlman
2012), both countries need to balance their intertwined
growth with coordinated action on the environment.

The limited nature of collaboration between China and
India notwithstanding, overall scientific funding in the
countries, including that for the environmental sciences,
has strongly increased over the past ten years. Because the
information in the annual reports of the various institutions
changed over time, and they differed in the information
reported, it was not possible to measure specifically envi-
ronmental funding for the majority of institutions, and thus
we focus on their overall budgets. We also limit the anal-
ysis to before the COVID-19 pandemic, which has brought
new financial constraints and priorities. We found the
budgets of six large Chinese and Indian scientific funders
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increased an average of 2.1 times between 2010 and 2018,
when judged in their own currencies (Fig.2). Again,
specific information on international collaboration grants
was not available for most funders. However, for the
National Natural Science Foundation of China (NNSFC),
funding for international collaboration increased 3.25 times
(16600000  RMB in 2010 [~ $2452000], versus
54 000 000 in 2018 [~ $8 178 000]). With such increased
funding may come greater ability to select which interna-
tional partners the researchers want to collaborate with.

ON WHAT ISSUES SHOULD COLLABORATION
BETWEEN THE COUNTRIES FOCUS?

Given the obstacles for collaboration between China and
India, in this section we will encourage not only joint
research (i.e., collaboration), but also coordination—
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Fig. 2 The total organizational budgets of major scientific funders in
the two countries over an eight-year period. Chinese budgets (panel
A) are from the 2010 and 2018 annual years, Indian budgets (panel B)
are from the 2010-2011 and 2018-2019 years; all figures represent
actual expenditures. CAS Chinese Academy of Sciences (https:/
www.cas.cn/), MOST Ministry of Science and Technology (https://
www.most.gov.cn), NSFC National Science Foundation of China
(https://nsfc.gov.cn/); DBT Department of Biotechnology (https://
dbtindia.gov.in/), DST Department of Science and Technology
(https://dst.gov.in/), MOEFCC Ministry of Environment, Forestry and
Climate Change (https://moef.gov.in/)
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unilateral research within each country, but with an
appreciation for what the other country is working on and
has accomplished. We stress that while such collaboration
can involve aspects that could lead to economic develop-
ment, plans should include provisions so that environ-
mental degradation is not simultaneously increased (as also
argued by Lechner et al. 2018). While we acknowledge that
pure research does not by itself produce changes in envi-
ronmental behavior, it can provide the knowledge base and
policy recommendations to act on, especially if researchers
publicize their findings widely and engage with policy
makers (Arlettaz et al. 2010; Harris and Lyon 2013). Given
the differences between the strategies that the two countries
have had success with, there is a critical opportunity for
them to learn from each other.

Returning to the region of the border conflict, the shared
Himalaya represents a foundation and starting point for the
countries’ collaboration (Bawa et al. 2010, Table 2). The
region includes four biodiversity hotspots (Xu et al. 2019),
yet is threatened by hydroelectric power projects and cli-
mate change (Pandit 2017). Indeed, the desolate high-ele-
vation landscape along the Himalayan borders might be
best suited as a peace park (Bawa et al. 2020a) or series of
nature reserves and thereby a part of “conservation diplo-
macy” (Pandit 2020). The Himalaya offer vast opportuni-
ties of collaborative research on biodiversity, for the two
regions share geological and evolutionary history (Pandit
2017). Institutions on both sides of the border would ben-
efit from organizing joint research connections, as has been
started between the Kunming Institute of Botany and the
Balipara Foundation in Guwahati (NortheastNow News
2018) to promote climate change research and the dis-
covery of new forms of biodiversity (e.g., Karunarathna
et al. 2020). Research on migrating animals, particularly
birds and mammals, and on the evolutionary history of
biodiversity of the region, would be other fitting subjects of
collaborative research. Links between scientists can be a
form of non-official “scientific diplomacy” that longterm
engenders trust and a positive atmosphere for collaboration
(Shrestha and Bhadra 2019). At a regional level, the
International Centre for Integrated Mountain Development
(ICIMOD;  https://www.icimod.org/), the inter-govern-
mental organization based in Nepal that includes both
China and India and six other Himalayan neighbors, has
and will continue to be an important forum for collabora-
tion between the countries for both science and policy
development. The “Hindu Kush Himalaya assessment:
Mountains, climate change, sustainability and people”
(Wester et al. 2019), coordinated by ICIMOD, serves as an
excellent starting point to understand the region’s envi-
ronmental problems and potential pathways forward. ICI-
MOD has also implemented transboundary projects, such
as the “Kailash Sacred Landscape Conservation and
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Development Initiative” project (ICIMOD 2019), which
worked in China, India and Nepal.

Beyond the Himalaya, the shared environmental chal-
lenges summarized here (Table 1) represent an important
justification for a longer-term broadening of collaborative
efforts (Table 2). From the perspective of understanding
how human health is affected by toxic compounds, the two
countries have large populations with different genetic
backgrounds that are exposed to high levels of pollution.
The same threats also affect biodiversity and ecosystems;
the vast expanses of the countries hold an array of habitat
types, yet the biodiversity shares evolutionary history,
often being related at the species, generic or family level.
Crops, pests, disease agents and catchment areas are also
shared; hence food and water security and disaster miti-
gation, such as from dams and floods and climate change,
should be key areas for coordination, data and information
sharing, and collaboration.

The study of mercury pollution serves as a specific
example for why collaboration between China and India
needs to be strengthened. Mercury (Hg) is a neurotoxin,
ranked among the most toxic substances in the world, and
for which an international treaty has been formulated to
control its emission (Driscoll et al. 2013). The exposure
route for much of the developed world, and specifically in
North America and Europe, has been through aquatic
sources (due to anoxic conditions) and particularly fish-
consumption both for humans and for wildlife. However,
recent work from non-coastal China has shown that rice
(also grown in anoxic conditions) may be the primary route
of Hg exposure for humans (Zhang et al. 2010) and wildlife
(Abeysinghe et al. 2017). As rice is a dominant crop in
Asia, particularly in China and India, there is likely a
regional pattern of dissemination and exposure to this
toxin, quite distinct from other parts of the world. China
and India would be wise to explore the implications of this

regional pattern together, rather than primarily collaborat-
ing with the United States and Europe, for both countries
currently have the required testing facilities and trained
researchers to do so. For India, as its emissions rise, there is
a particular need and opportunity to work with China on
this issue, both in understanding the effects of Hg and
planning mitigation efforts. At the same time, China has a
stake in working with India, as atmospheric deposition
from India can end up across the Himalayan borders,
including the Tibetan Plateau, the source of much fresh-
water for these two countries and their neighbors (Huang
et al. 2020; Sun et al. 2020). In summary, Hg illustrates
how many environmental problems have regional patterns
that may be best addressed by neighbors collaboratively.
China and India should particularly engage with each other
as they also share problems associated with being vast
countries with large human populations.

Recognition of these commonalities continues to bring
scientists in both countries together at the bilateral gov-
ernmental, regional intergovernmental, and individual
institution/scientist levels (Table 2). Some of these inter-
actions have come under the auspices of the economic
meetings of the countries. For example, at the Sixth China-
India Strategic Economic Dialogue the two countries
agreed to further cooperate to promote the circular econ-
omy (Xia 2019), and the BRIC Science Academic Com-
mittee has organized a report that highlights the critical
importance of mountain ecosystems and biodiversity (M.
K. Pandit, personal communication). Regional organiza-
tions like ICIMOD can bring scientists from the two
countries together, analogous to the way that the Arctic
Council has brought together countries and scientists con-
cerned about toxins accumulating in the northern parts of
the world (https://www.amap.no/). Finally, other meetings
have been self-organized by scientists. For example, both
countries have hosted meetings of the “Asian Air Pollution

Table 2 Issues to study, and kinds of organizers, for collaboration between China and India in the environmental sciences, with some successful

examples, and some potential pathways forward

Issue 1. Research in the Himalaya region

1.a. Organizers: Regional organizations, such as the International Centre for Integrated Mountain Development (ICIMOD), and its “Kailash

Sacred Landscape Conservation and Development Initiative”

1.b. Organizers: Institutions or scientists, such as the collaboration between Balipara Foundation (India) and the Kunming Institute for

Botany, Chinese Academy of Sciences (China)

Issue 2. Research on the wider issues of environmental problems shared between the countries

2.a. Organizers: Working groups associated with bilateral meetings (e.g., China-India Strategic Economic Dialogue) or intergovernmental

organizations (e.g., BRICS, Shanghai Cooperation Organization)

2.b. Organizers: Regional organizations (such as ICIMOD and its “Atmosphere” unit) could potentially leverage their knowledge to address
larger issues throughout both countries (e.g., air pollution), analogous to the role the Arctic Council has done in ecotoxicological studies

2.c. Organizers: Scientists or societies, such as “Asian Air Pollution Workshop”, International Union of Forest Research Organizations’
“Working Unit 8.04 on Air Pollution and Climate Changes’ Effects on Forest Ecosystems”, and the “First Indo-China Research Series in
Geotechnical and Geoenvironmental Engineering”, who or which could be potentially facilitated by the development of a joint China/India

funding mechanism
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Workshop” and the International Union of Forest Research
Organizations’ “Working Unit 8.04 on Air Pollution and
Climate Changes’ Effects on Forest Ecosystems”. Recently
during the COVID-19 pandemic, organizers of the “First
Indo-China Research Series in Geotechnical and Geoen-
vironmental Engineering” held their meeting entirely on-
line, including 128 presentations and ~ 5000 participants
(Feng and Garg 2021). These examples demonstrate the
critical role scientists can play to bridge the gap between
the two countries. We suggest that a way in which the
governments of the countries could encourage the
formation of scientist teams is through a joint funding
program, such as those between China and the United
States, both in biodiversity research (https://beta.nsf.gov/
funding/opportunities/dimensions-biodiversity) and sus-
tainability  (https://nsf.gov/pubs/2021/nsf21103/nsf21103.

isp).

CONCLUSIONS

The COVID-19 pandemic has further highlighted human
vulnerability to environmental disasters while reinforcing
the belief that collaboration and coordination will be the
key to resolving this century’s pressing interrelated chal-
lenges to public health, food security, climate change, and
loss of biodiversity and ecosystem services. As China and
India increase their investment in higher education and
environmental sciences research and technology develop-
ment, interactions need not be limited to partners on dif-
ferent continents that have traditionally strong university
and funding infrastructure (e.g., the ubiquitous cross-con-
tinental collaborations illustrated in Fig. 1). Rather, regio-
nal partners and neighbors should be chosen that share
problems to strengthen problem-solving. We encourage not
only collaboration on joint projects, but also coordination
that comes simply from being aware of the other country’s
successes and failures in the environmental arena.

The agenda for collaboration/coordination between the
two countries could start with the shared Himalaya, where
personal and institutional linkages can facilitate diplomacy.
We then envision a broadening of interactions around
issues of shared environmental threats and solutions. The
identification of shared interests is just the beginning of the
process of international collaboration, which also must
include acknowledging inequalities, such as lesser funding
for research in India, and apportioning responsibilities and
benefits (Perz et al. 2010; Parker and Kingori 2016). Sci-
entists should lead this process, whether it is through
governmental channels, academic and research institutions
or NGOs, or on the sidelines of international meetings
(Table 2). Such exchanges can lead to increased opportu-
nities for a sustainable and peaceful world.

@ Springer
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