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ore than 40 leading US agri-
cultural and water scientists
developed a water research vision
designed to address the most critical water
and agricultural challenges in a changing
climate to sustain agricultural production
and natural systems. Water sustainability
can only be realized by balancing the needs
of agriculture, society, and ecosystems (Pas-
tor et al. 2019) (figure 1). To address these
competing demands, USDA Agricultural
Research Service (ARS) scientists worked
with a broad group of partners to develop
a national Water Research Vision (Vision)
for the next 30 years (Tsegaye et al. 2022).
The Vision emphasizes transdisciplinary
approaches to water sustainability that
enhance resiliency in agricultural sys-
tems that are increasingly vulnerable to
climate change. A draft of the Vision was
presented to external peers and stakehold-
ers to ensure it reflects their perspectives.
The final Vision represents a deep under-
standing of the role of water in agriculture,
the importance of food and water secu-
rity, and water’s interconnection with
other sociocultural values. It also includes
recommendations for research and man-
agement actions to address pressing water
needs across the United States. This article
provides our Vision to support collabora-
tion and resource sharing.

WATER CHALLENGES OF TODAY AND
THE FUTURE
Fresh water supplies are facing increasing
pressure globally from both climate change
and growing populations (Immerzeel et
al. 2020; Milly and Dunne 2020). Altered
precipitation patterns and warmer tem-
peratures associated with climate change
are disrupting agricultural systems and
water sources (Elias et al. 2021), while

growing populations compete for water
supplies. These challenges, in combina-
tion with other stressors, have complex
consequences for water availability, quality,
and distribution. We see these challenges
falling into three main categories: supply
shortages, flood risk, and water quality.
The US faces water supply shortages
that will worsen as the climate changes
and population grows (Overpeck and
Udall 2020). Fire and shifting climate
patterns threaten forested source waters.
Reservoirs face dwindling inflows and are
filling with sediment, increasing flood risk

and reducing their capacity to respond to
drought. Continued development of irri-
gated agriculture to mitigate the impacts
of drought and rising temperatures is
diminishing critical aquifers (figure 2).
Limited water supplies will face increas-
ing demand under higher temperatures,
including management practices that use
irrigation to mitigate crop damage during
heat waves.

Throughout the Midwest, Mid-South,
and Northern Plains, flooding along main
stem rivers, tributaries, and small streams is
forcing farmers to delay fieldwork, reduc-

Emile Elias (corresponding author) is a research hydrologist with the USDA Agricultural Research Ser-
vice (ARS) and the director of the USDA Southwest Climate Hub located in Las Cruces, New Mexico. Teferi
Tsegaye serves as the USDA ARS national program leader for water resources and the coordinator of the
Conservation Effects Assessment Project and the Long-Term Agroecosystem Research network. Cathleen
Hapeman is a research chemist at the Hydrology and Remote Sensing Laboratory in Beltsville, Maryland.
Kyle Mankin is a research agricultural engineer and research leader of the water management and systems
research unit in Fort Collins, Colorado. Peter Kleinman is a research leader at USDA ARS located in Fort
Collins, Colorado. Michael H. Cosh is a research physical scientist located at the USDA ARS Hydrology and
Remote Sensing Laboratory in Beltsville, Maryland. Dannele Peck is an agricultural economist with the
USDA ARS and the director of the USDA Northern Plains Climate Hub. Alisa Coffin is a research ecologist
with the USDA ARS Southeast Watershed Research Laboratory located in Tifton, Georgia. David Archer is
the research leader of the USDA ARS Northern Great Plains Research Laboratory located in Mandan, North
Dakota. Joseph Alfieri is a micrometeorologist with USDA ARS located in Beltsville, Maryland. Martha An-
derson is an astrophysicist with USDA ARS located in Beltsville, Maryland. Claire Baffaut is a research
hydrologist with USDA ARS in Columbia, Missouri. John M. Baker is a soil physicist with USDA ARS in Saint
Paul, Minnesota. Ronald Bingner is an agricultural engineer at USDA ARS in Oxford, Mississippi. David
Bjorneberg is an agricultural engineer at USDA ARS in Kimberly, Idaho. Ray B. Bryant is a soil scientist at
the USDA ARS unit at University Park, Pennsylvania. Feng Gao is a physical scientist at the USDA ARS unit
in Beltsville, Maryland. Suduan Gao is soil scientist and chemist located at the USDA ARS unit in Parlier,
California. Philip Heilman is a research leader at the USDA ARS Southwest Watershed Research Center in
Tucson, Arizona. Kyle Knipper is a research scientist with the USDA ARS Sustainable Agricultural Water
Systems (SAWS) Unit in, Davis, California. William Kustas is a hydrologist at the USDA ARS unit in Belts-
ville, Maryland. April Leytem is a soil scientist and chemist at the USDA ARS research unit in Kimberly,
Idaho. Martin Locke is a soil scientist at USDA ARS in Oxford, Mississippi. Gregory McCarty is a soil scien-
tist located at the USDA ARS research unit in Beltsville, Maryland. Andrew J. McElrone is a plant physiolo-
gist at the USDA ARS research unit in Davis, California. Glenn E. Moglen is a hydrologist at the USDA ARS
research unit in Beltsville, Maryland. Daniel Moriasi is a research hydrologist at the USDA ARS research
unit in EL Reno, Oklahoma. Susan O'Shaughnessy is an agricultural engineer located at the USDA ARS re-
search unit in Bushland, Texas. Michele L. Reba is a civil engineer and hydrologist located at the USDA ARS
research unit in Jonesboro, Arkansas. Pamela Rice is an environmental toxicologist and chemist located
at the USDA ARS research unit in Saint Paul, Minnesota. Noah Silber-Coats is a postdoctoral research fel-
low at the USDA ARS Southwest Climate Hub. Dong Wang is an agricultural engineer in Parlier, California.
Michael White is an agricultural engineer located at the USDA ARS research unit in Temple, Texas. James
Dobrowolski is national program leader in the Division of Environmental Systems at the National Institute
of Food and Agriculture.

Received December 20, 2022.

JOURNAL OF SOIL AND WATER CONSERVATION

MAY/JUNE 2023—VOL. 78, NO. 3

U INO|
o] J/(&)Q

-€9:(€)8/ UOITeAIBSUOD JoTeA\ PUR [0S JO [el
191003 UO[JEAISUOD BT PUE |10S €202 © W

R

B10'SOMS MMM !
611 |V

"ponJesa I SIyPI

63A


http://www.swcs.org

64A

Figure 1

Water issues connect across agroecosystems and require transdisciplinary solutions (figure from Tsegaye et al. [2022]; concept

by Kyle Mankin).
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Figure 2

Water resources in the Continental United States are threatened by climate
change, groundwater overdraft, and longstanding water quality issues (Tsegaye
et al. 2022).
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ing vyields, damaging infrastructure, and
even causing loss of life. Excess water at the
wrong time limits yield and production in
many areas, adding to the societal cost of
the Federal Crop Insurance program.

Critically important water bodies, from
the Gulf of Mexico to Chesapeake and
San Francisco Bays to the Great Lakes, are
experiencing habitat devastation caused
by hypoxia (zones of low or no oxygen
[O,]) and algal blooms resulting from
increased inflows of sediment, nitro-
gen (N), and phosphorus (P) (Chen et al
2020). Pesticides, metals, and pharmaceu-
ticals impair aquatic ecosystems, reducing
biodiversity while rendering water unus-
able for human consumption, fishing, and
recreation. Heavy downpours and other
events that deliver contaminants to sen-
sitive water bodies are expected to occur
more frequently, further complicating mit-
igation and management efforts.

SOLUTIONS AND OPPORTUNITIES
While the future is beset with challenges,
the Vision also identifies opportunities. For
example, growing cities and the urban-
agriculture interface create opportunities
for creative solutions to water scarcity
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and quality challenges, including urban
community gardens, vertical farming,
and green infrastructure such as retention
ponds and constructed wetlands.

The challenge of ensuring a plenti-
ful supply of high-quality water requires a
novel research agenda. Solutions must be
guided by the needs of producers, resource
managers, and surrounding communities,
recognizing that decisions made in one loca-
tion ripple outward. Our agenda calls for
agroecosystem assessment tools co-created
with users and informed by sociocultural-
economic factors. This requires partnership
and collaboration, grounded in sound dis-
ciplinary and transdisciplinary science to
leverage technological advances, creating
impactful outcomes.

We present a foundational approach
guided by science and driven by outcomes
(figure 3). Three critical components sup-
porting the Vision are (1) partnership
and collaboration; (2) a sound research
approach designed to improve decision-
making, reduce uncertainty, and scale

beyond test sites; and (3) decision sup-
port through sharing data and developing
tools tied to user needs. These founda-
tional elements lead to development of a
cadre of leading water experts with strong
disciplinary expertise, which is necessary
for the effective transdisciplinary science
required to solve our societal-scale water
resource issues to support food production,
high-quality water, and ecosystem services
(Pastor et al. 2019). The expected out-
comes of this approach are to solve critical
challenges, develop new innovations, and
support people and communities despite a
changing climate and population growth.
We expand on the critical elements to
realize the Vision below.

Partnership and Collaboration.
Research to address these challenges
requires collaboration grounded in mutual
support, effective communication, and
shared leadership. Effective collaboration
can help conserve research resources and
enhance adoption of new technologies.
This will require scientists to engage stake-

holders and agencies to cooperate across
jurisdictions including with industry to
develop public-private partnerships.

Grape Remote sensing Atmospheric
Profile and Evapotranspiration eXperi-
ment (GRAPEX) and OpenET (Kustas
et al. 2018) exemplify public-private
partnerships that could be replicated.
Amid rapidly decreasing water supplies,
California wine grapes (Vitis vinifera L.)
support an industry valued at US$120 bil-
lion. Recognizing the need to improve
vineyard irrigation management, E. & J.
Gallo Wineries contacted USDA scientists
to develop satellite-based techniques for
mapping crop water use and stress. This
partnership led to the GRAPEX project.
GRAPEX provides geospatial tools for
improved irrigation scheduling, which will
be accessible through the OpenET plat-
form, another public-private partnership
developed by the National Aeronautics
and Space Administration (NASA) with
philanthropic support.

Figure 3
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Research Approach. The Vision rec-
ognizes that “challenges of today and
tomorrow to ensure a plentiful supply of
high-quality water...must be addressed
with a vision and research agenda that
leverages new technologies and integra-
tive approaches” (Tsegaye et al. 2022). The
research approach is “shaped by our his-
tory (figure 4) and builds upon our rich
resecarch capital” (Tsegaye et al. 2022).
Given the integrated nature of hydro-
logic systems, scientists must develop
multiple metrics to assess agroecosystem
performance, communicate the inter-
dependencies of different decisions, and
coordinate the decision processes from
different sectors. Future research will both
integrate and develop new technologies.
We anticipate that new technologies will
emerge 1n bioengineering, informat-
ics and computer science, and in situ and
real time sensor technology (Capalbo et
al. 2017). Efforts will continue to quan-
tify and reduce uncertainty, share data
and tools, and to produce scalable results.
Maintaining the ability to respond to
change is a critical element of the research
approach. The result of the stakeholder-
driven research approach herein is the
development of science-proven tools to
guide decision-making.

Science-Management  Tools  and
Technological Advances. Building cred-
ible tools requires demonstrating their
value in practice. Tools that provide
information tend to be adopted over
those that simply prescribe an action.
Participation of end users in tool devel-
the likelithood of
meeting producer needs (Meadow et al.

opment increases
2015). We envision user-friendly tools
that translate technologically advanced,
multimetric, scalable research in a way
that accurately communicates uncer-
tainty and risk. One successful example
is the Soil and Water Assessment Tool
(SWAT+), which
problems worldwide (Gassman et al.
2014). In the United States, SWAT+
is being used to develop strategies for

assesses  pollution

water quality challenges in Chesapeake
Bay, Lake Erie, and the Gulf of Mexico.

Technological advances, such as real-
time sensors for measuring soil and plant
conditions, can create both challenges
and opportunities. Emerging sensor tech-
nologies generate robust data, but also
create data management challenges that
will require new ways of automating data
collection and analysis. These tools can be
used to improve management decisions,
for example, by linking high-resolution

soil moisture data to autonomous variable-
rate drip irrigation that provides water to
crops exactly where and when it is needed.

Water Science Expertise: Discipline-
Specific Knowledge Gaps. While the Vision
emphasizes transdisciplinary collaboration,
single-discipline agroecosystem research
is also critical to addressing water sustain-
ability. Further research in plant physiology
is needed to address gaps in knowledge
about how crops respond to changing
climate conditions and increasing carbon
dioxide (CO,). This requires sophisticated
instrumentation to measure soil, canopy,
and topographic characteristics sensed
from perspectives that stretch from farm
fields to orbiting satellites. Tools that merge
geospatial datasets with high-resolution
localized forecasts and autonomous irriga-
tion systems will allow for adjustment of
water applications to maximize technical
efficiency and crop water productivity.
Likewise, sensors to detect crop nutri-
ent deficiencies or pest infestations could
improve the efficiency of agrochemical
use on crops while minimizing impacts
on water quality. Other critical areas of
research will include questions about the
effects of irrigation water composition
on groundwater quality, the potential for
microbiological interactions with crops

Figure 4
History of themes included in Agricultural Research Service action plans (figure from Tsegaye et al. [2022]).
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to increase crop resilience, and agronomic
effects on soil carbon (C) dynamics. Much
of US irrigated agriculture depends on
groundwater. While we have historically
treated surface and groundwater separately,
they are often closely linked. Effective
management of water resources requires a
better understanding of these relationships.
Advances in this area can make irrigated
agriculture more sustainable by minimiz-
ing groundwater depletion, enhancing
recharge, improving water quality and
restoring ecosystem function.

Transdisciplinary  Science
Solutions.  As has
humanity’s sum knowledge has increased
exponentially, yet the individual scientist

in  Water

science advanced,

is often incentivized to specialize in one
among the ever-increasing fields of study,
making it challenging to integrate new
developments. Future research will require
coordination between individuals, integra-
tion of information across disciplines, and
a new paradigm of data and informatics
approaches, including artificial intelligence
(Liu 2020).

Collaborative, participatory transdisci-
plinary research 1s fundamental to effectively

responding to water-related challenges.
Implementation of scientific solutions
requires working closely with stakeholders
to identify needs and mobilizing multia-
gency collaborative efforts to develop, test,
implement, and refine ideas. Successful
partnerships between research teams hinge
on developing trust and a shared vision that
provides unity in purpose, embraces diverse
perspectives, and bridges disciplinary cul-
tures and other ways of knowing (including
traditional ecological knowledge) to create
robust solutions.

SUMMARY
Our Vision relies on partnership and
collaboration in a user-driven, decision-
believe that,
collectively, we can mobilize scientific

focused framework. We

expertise along with emerging tech-
codeveloped with partners
to provide enough water for thriving

nologies

agroecosystems while minimizing detri-
mental impacts of agriculture on water
resources and aquatic ecosystems (figure
5). Maintaining the capacity and flexibil-
ity to adapt to changing conditions over
the next three decades is critical, as are

continued long-term experiments and
evaluation of their impact.The full impact
of research often occurs long after peer-
reviewed publication when knowledge
is integrated into practice, as supported
by the USDA Climate Hub Network.
Transdisciplinary research will rely on the
network of experimental farms and large
datasets at ARS sites, including the Long-
Term Agroecosystem Research Network
and Conservation Effects Assessment
Project locations. ARS will continue to
provide scientists with experience and
training, encouraging cross-disciplinary
partnerships, communication, and col-
laboration to develop skills needed to
overcome our nation’s agricultural and
water challenges.
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