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Solving Shared Problems at the Food, Energy, and Water Nexus

A 15-year-old partnership among Chinese and U.S. scientists studying challenges in our food, energy, and water systems has

that solutions are best achieved through international collaboration.

w

*

A wind turbine towers over an irrigated farm field in the Salinas Valley of California. Credit: iStock/Pgiam
By Jie Zhuang, Frank Loffler, Gary Sayler, Guirui Yu, and Guibin Jiang @ 25 January 2021

The United States and China are the largest economies in the world, producing and consuming much more food, energy, and

water (FEW) resources than other countries. Consequently, these countries exert substantial impacts on the environment and Food Security and
climate and thus on global sustainability. Geoscience

The two nations have, of course, taken very different paths to where they are today: The United States is a relatively low
population density society with mature, mechanized food production and technologically advanced waste management that

have developed as urbanization has progressed steadily yet gradually over the past 150 years. In contrast, high population

https://eos.org/science-updates/solving-shared-problems-at-the-food-energy-and-water-nexus Page 1 of 6


mailto:zhuang@utk.edu
https://eos.org/science-updates/solving-shared-problems-at-the-food-energy-and-water-nexus#
https://eos.org/special-topics
https://eos.org/science-updates/solving-shared-problems-at-the-food-energy-and-water-nexus#
https://eos.org/science-updates/solving-shared-problems-at-the-food-energy-and-water-nexus#
https://blogs.agu.org/
https://eos.org/jobs-support
https://eos.org/learn-more-about-eos/submit-an-article-or-idea

Solving Shared Problems at the Food, Energy, and Water Nexus - Eos

density China has experienced rapid population migration of roughly 600 million people from rural to urban areas over a 40-
year period. This fast-pace urbanization generates considerable uncertainty, and the lack of widespread and comprehensive
mechanized infrastructure to replace physical labor is a major challenge [Koleski

(https://www.uscc.gov/sites/default/files/Research/The%2013th%20Five-Year%20Plan_Final 2.14.17 Updated%20(002).pdf), 2017; U.S.

Department of Agriculture (https://www.fas.usda.gov/sites/default/files/2016-09/09-2016 iatr china-hong kong final.pdf) (USDA), 2016].

As the United States exports large amounts of commodity food products and uses grain-based materials as bioenergy sources,
China is transitioning from self-sufficiency in agricultural food production to dependency on imports [Clapp

(https://doi.org/10.1016/j.foodpol.2016.12.001), 2017; USDA (https://www.fas.usda.gov/sites/default/files/2016-09/09-2016_iatr china-

Despite these differences, China and the United States share common challenges and objectives with respect to FEW
resources and services, such as their heavy reliance on fossil fuels and their efforts to improve water resource management

(https://eos.org/research-spotlights /can-satellites-fill-gaps-in-agricultural-water-monitoring) and develop “green” cities (https://eos.org/science-

updates/converging-on-solutions-to-plan-sustainable-cities). In both countries, public awareness about the effects of carbon emissions

and about the importance of food quality, freshness, and safety is increasing [Cui and Shoemaker (https://doi.org/10.1038/541538-

018-0018-4), 2018].

Geopolitical and ideological barriers are increasingly restricting research collaboration

[Silver et al. (https://doi.org/10.1038/d41586-019-01270-y), 2019], but these existing commonalities provide opportunities for
tackling grand challenges in FEW research not just domestically but also globally. Since 2006, a partnership among U.S. and
Chinese academic institutions and researchers committed to transdisciplinary activities has worked eagerly to capitalize on

those opportunities.

The FEW Nexus

Food, energy, and water resources are essential for human well-being, and the systems by which these resources are
produced, refined, distributed, and consumed are inextricably intertwined [Yuan and Lo

(https://doi.org/10.1016/j.rser.2019.109565), 2020]. The complex interactions among these systems are often referred to as the FEW

nexus (https://eos.org/editors-vox/working-towards-a-sustainable-future). For example, energy production and food production,

teaches-students-about-the-energy-water-nexus); meanwhile, energy is, of course, needed to pump water for irrigation, to treat

wastewater, and to process and transport food.
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Fig. 1. This conceptual model illustrates how the food-energy-water (FEW) nexus interacts with key stressors like
climate change and population growth, which have feedback impacts on FEW systems. A major challenge is to

develop balanced approaches (e.g., through adaptation or mitigation) that allow sustainable resource use at local,
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regional, and global scales while meeting environmental and societal needs.

Grand challenges such as climate change, population growth, and urbanization are all coupled and are together threatening the security and services of FEW system

accelerating rate. Figure 1 depicts a conceptual framework illustrating how climate change and population growth interact with the FEW nexus.

The availability of FEW resources in megacities mostly depends upon supply chains, and losses of local provisioning of FEW resources endanger these cities’ sustair
These challenges will become particularly severe in highly urbanized and densely populated countries by 2050. For example, the availability of FEW resources in m«
mostly depends upon supply chains, and losses of local provisioning of FEW resources endanger these cities’ sustainability. These losses also cause social equity anc
problems related to the unequal distribution of the costs and benefits of FEW resources and to inconsistencies between public regulatory policies and private decisic

FEW resources that can disenfranchise large portions of the population.

Noteworthy in this discussion, from an input-output perspective, are the environmental and sociological effects of changing FEW systems, ranging from demograph

predict how demographic change and climate migration affect FEW systems. Ultimately, beneficial ecosystem services (https://eos.org/opinions/understanding-ecosystem-se

a-geosciences-perspective) depend on balancing consumption and production of FEW resources, although loss of biodiversity, pollutant releases, critical disruptions in n

cycling, and intensified land use are increasingly challenging the resilience and functioning of human-sustaining FEW systems.

Translating science and technology research findings into solutions to FEW problems is an enormous challenge. For example, climate change influences food

(https://eos.org/articles/climate-change-pressures-land-and-food-resources-report-warns) supply chains, energy consumption, and water availability while simultaneously altering

of ecosystems to meet human FEW demands and societal behaviors meant to enhance ecosystem services. How these dynamics restructure supply chain models, bu
decisions, public actions, and regulatory oversight is poorly understood and generally lags behind progress in science and technology. Without intensified internatic

collaboration and innovation, we may soon reach tipping points (https://eos.org/research-spotlights/how-much-modification-can-earths-water-cycle-handle) where environmental «

and ecosystem losses cannot be restored, with dire consequences for the fast-growing world population [ Food and Agriculture Organization of the United Nations

(http://www.fao.org/nr/water/docs/FAO_nexus_concept.pdf), 2014].

Within the framework shown in Figure 1 are not only environmental impacts of FEW systems but also juxtaposed opportunities to mitigate and adapt to the challen
support of global sustainability. The experiences of and lessons learned through the China-U.S. Joint Research Center for Ecosystem and Environmental Change (J]

that promote sustainable development.

A Successful Binational Model

The JRCEEC was founded in 2006 in Beijing as a grassroots, ad hoc research partnership to promote scientific exchange and create a research network among inves
studying greenhouse gas emissions, climate change and its implications, and bioenergy. The JRCEEC partnership includes research groups at the University of Ten
Purdue University, Oak Ridge National Laboratory, the Chinese Academy of Sciences, the University of Science and Technology of China, and Nanjing University. O
year history, JRCEEC has engaged roughly 7,000 researchers, students, and policymakers, promoting collaboration and friendship among U.S. and Chinese particiy
2014, JRCEEC created a transdisciplinary doctoral program focused on graduate training and research with respect to the environment, energy, and food. The doctc

program is jointly funded by the China Scholarship Council and the University of Tennessee and has recruited more than 40 students to pursue degrees in the Unite
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Farmers work in a rice field in Jiangxi Province, China, in October 2008, near the site of a China-U.S. Joint

Research Center for Ecosystem and Environmental Change workshop. Rice straw is a feedstock used to produce
biochar and biofuels. Credit: David Brill, JRCEEC

Since its inception, JRCEEC has emphasized systematic analysis of human-nature interactions, aiming to form transdisciplinary research teams to study the evolvir
of science and policy drivers in the two countries. Initial exchanges in the collaboration focused on carbon dynamics, bioenergy production, and ecosystem restorati

that intersect crucially with FEW systems.

X policy
regulation

technology

Fig. 2. Sectors that shape FEW networks are highly
interconnected, as illustrated here. Thicker lines
indicate closer relationships between sectors, and
keyword font sizes reflect the frequency of occurrence of
these keywords in peer-reviewed literature. The node
network was developed on the basis of 47,263 indices
categorized into the 15 keywords shown in the figure and
represented in 12,553 publications published between
1973 and 2019.

To further develop an integrated and coordinated research network, JRCEEC, in May 2017, initiated a pilot project called the Food, Energy, Water Systems Transdi:

Science Foundation of China. The project has brought together large groups of U.S. and Chinese researchers, industry leaders, and government representatives, cha

identifying grand challenges related to the FEW nexus. FEWSTERN identified the dependence of FEW networks on multisectoral interactions (Figure 2) and showe
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transdisciplinary perspectives are needed to coordinate global understanding of FEW impacts on sustainable development.

Transformational Opportunity

FEWSTERN focused on environmental topics that directly intersect with essential elements of the production, distribution, consumption, and waste recycling pipeli
FEW systems. Waste has been of particular interest because great opportunities exist to provision societies through the reuse of waste materials and through impler

of waste avoidance and conversion technologies.

The large amount of waste in the food supply chain reduces opportunities to improve food security, economic growth, and environmental health, and it hinders real
sustainable development goals.

Throughout the food supply chain (i.e., from farm to table), more than 30% of food is lost or wasted (https://eos.org/research-spotlights/eating-less-meat-wasting-less-food-coulc

worldwide), equivalent to about 1.3 billion tons per year globally [ Feng et al. (https://doi.org/10.1186/542480-020-0027-3), 2020]. The large amount of waste reduces opport

improve food security, economic growth, and environmental health, and it hinders realization of the United Nations Sustainable Development Goals (SDGs) regardi

responsible production and consumption (https://sdgs.un.org/goals/goal12) and reducing hunger (https://sdgs.un.org/goals/goal2).

However, much of the resulting “waste” is still available for use as animal feed or as compost and biochar in farming, for conversion into construction materials (e.g

lightweight board, insulation materials, cement filler), and for bioenergy recovery [Polasky et al. (https://doi.org/10.1073/pnas.1901616116), 2019]. And expansion of urbat
agriculture, direct farm-to-table preferences, and efforts to advance green infrastructure and artificial intelligence in agriculture present enormous opportunities to
crop yield, reduce application of agrochemicals, improve soil health and productivity, and intensify ecosystem services. Such developments will reduce waste genera
pollution and will minimize and redirect water use and storage. For instance, reuse of industrial and domestic gray water for irrigation, groundwater recharge, sanit

constructed landscapes can occur at a scale far beyond current use.

Capitalizing on these advances will require the involvement and acceptance of producers, consumers, and policymakers. Furthermore, although many of these oppo
exist in urban areas, their implementation depends on improving rural infrastructure (e.g., transportation, clean water supplies, and broadband access) and urban-i

linkages across space and sectors as well as on social and technical policies regulating the supply and value chains of FEW resources between rural and urban systen

Many questions remain to be answered before such implementations can occur in both the United States and China, including the following: What are the barriers t
beneficial reuse of treated wastewater and sewage sludge (e.g., for irrigation water, fertilizers, and biogas) in food and energy production, and how can rural and urk
systems be ecologically and digitally integrated to improve economic efficiency and regional sustainability? These are issues and questions that scientists and engine

involved with JRCEEC will continue to address.

Recognizing that a single, global ecosystem of FEW resources and services is developing, the U.S.-China collaboration can catalyze realization of all 17 SDGs

(https://sdgs.un.org/goals) by bringing together complementary policy, economic, and scientific resources and by influencing the actions of other countries in the conte»

sustainability.

Beneficial Lessons

Crucial insights into establishing and fostering successful international transdisciplinary collaborations have emerged from the China-U.S. Joint Research Center fo
Ecosystem and Environmental Change.

Crucial insights into the intricacies of establishing and fostering successful international transdisciplinary collaborations have emerged throughout the course of JR
development. First, respect for individuals, for different research processes, and for the different national systems within which research is conducted is critical. Thi

engenders trust that research can be jointly accomplished for mutual benefit.

Second, it is important to listen to the concerns of all collaborators and to ensure they are understood clearly because research problems and reward systems differ i
nations. For example, a hypothesis-driven fundamental research approach is not necessarily equivalent to a mission-directed approach to problem solving. And give
language barriers, discussions about defining research goals, communicating experimental designs, drawing meaningful conclusions, assessing the impacts of outco

determining avenues to disseminate findings can be easily confounded.

A third issue relates to understanding the international partners’ ongoing research programs and strategic planning activities. Mutual understanding of teaching ph
research capabilities and interests, intellectual property sharing, and cultural differences helps in team building, stimulating discussion, identifying key research qu

and creating opportunities to secure institutional support for networking activities.

JRCEEC and FEWSTERN have mounted successful FEW nexus research initiatives between the United States and China since 2006. In 2020, this binational mode
expanded to include participants from other countries (e.g., Argentina, Brazil, Cambodia, Chile, Colombia, Czech Republic, Guatemala, Netherlands, Tanzania, Uga

Uruguay) through the implementation of a new NSF-funded project called the International Research Coordination Network for Creating Transdisciplinary Nodes ¢

learned through JRCEEC and FEWSTERN and charts a new path forward in promoting urban sustainability and resiliency by enhancing a sustainable nexus of FEV
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