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Key Points:

e Agrohydrology has yet to materialize
as a distinct sub-discipline in
hydrology despite the importance of
agriculture in the water cycle

e We propose agrohydrology as a
sub-discipline that embraces tools
from physical and social sciences
across diverse agricultural landscapes

e Agrohydrology as a revised
sub-discipline offers new
opportunities for the sustainable
management of water for food in a
changing world
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Abstract Agricultural water management is increasingly prioritized throughout the world as producers are
tasked with meeting growing crop demand while also managing environmental resources more sustainably.
Likewise, agriculture is increasingly modifying the terrestrial water cycle. In response to these dynamics,

the informal research discipline of agrohydrology continues to grow, fueled by a new era of rapidly evolving
research tools and big data availability. While many researchers are actively invested in agrohydrology as a
research topic, there remains a gap in formalizing this valuable discipline. This article aims to: (a) identify

key research themes in agrohydrology, (b) conceptualize future research topics within each theme, and (c)
estimate a timeframe before topics become pressing (i.e., before a topic becomes a limiting factor in advancing
water management in an agricultural context). This commentary is meant to guide the trajectory of an evolving
discipline of agrohydrology, the practice of agricultural water management at multiple nested scales, and the
conversation of the invested public.

Plain Language Summary The study of water in agriculture is an important global research field.
Water supports farming and ranching, and agriculture provides food, feed, fiber, and fuel. However, agricultural
activities can also stress water resources. As a result, society faces many water challenges in agriculture. The
global demand for agricultural products is increasing, but the availability of fresh water is decreasing in many
places. Sometimes this is because of a lack of water, contamination, or social changes. We propose the study

of such problems and their solutions be recognized as its own subdiscipline, agrohydrology. Here, we imagine
the future of the discipline by giving form to research themes and topics that can rally researchers from many
existing fields around this revised subdiscipline.

1. Background to Agrohydrology

Water plays a vitally important role in the world's supply of food, fiber, feed, and fuel (Chapagain & Hoekstra, 2004;
Dalin et al., 2012). Not only is water a necessary input to agricultural production, but it can further be an output
of varying quantity, quality, or toxicity (Chen et al., 2020; Gassman et al., 2014), a driver of local and regional
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weather patterns (Harding & Snyder, 2012; Mueller et al., 2016; Raddatz, 2014), a mechanism for increasing
revenues (Smidt et al., 2019), a staple for cultural identity (Anderson et al., 2019; Fischer & Sanderson, 2022),
and a centerpiece for regulatory struggle (e.g., CSGMA, 2014), among many other concepts and applications. In
its simplest form, hydrology is the study of water and its movement on the earth. However, hydrology as a disci-
pline has evolved to broader domains, including the need to embrace concepts and methods from social sciences,
due to increasingly complex water challenges that need to be addressed, like those in agricultural landscapes
(McLamore et al., 2023). These shifts in hydrology are highly consequential and have even prompted a recently
updated water cycle diagram from the US Geological Survey (Corson-Dosch et al., 2023), complementing work
that concluded standard water cycle diagrams neglected anthropogenic processes that represent a larger propor-
tion of flux and storage than many natural processes (Abbott et al., 2019).

Despite growth in agricultural hydrology, “agrohydrology” as a sub-discipline has failed to gain formal recogni-
tion despite its ancient history, ever-relevant importance, and growing emphasis in the overall field of hydrology.
Agrohydrology has been historically described as the study of the physical water processes related to irrigation,
crop water uptake, drainage, and overall water use efficiency. However, agrohydrology has rapidly developed
into a significantly broader research portfolio with diverse outcomes spanning both social and physical sciences
(Table 1). As such, there is a growing need to better unify the direction of the discipline while further giving form
to the evolving research field, especially as more interdisciplinary researchers leverage unique tools to resolve
ever-changing challenges in agriculture and water management.

We have been working for several years to establish agrohydrology as a research field where interactions between
the physical and social sciences coalesce across agricultural landscapes (e.g., McGill et al., 2019; Smidt &
Haacker, 2022; Smidt, Haacker, & Deines, 2018). Reasons for doing so include a directed focus on research
priorities and their advancements, streamlined methods and data for interdisciplinary comparisons and collab-
orations, and increased attention from the scientific community, among others. Even at the federal level, the
United States Department of Agriculture (USDA) Agricultural Research Service (ARS) officially recognizes that
agrohydrology challenges include competing demands across agriculture, society, and ecosystems. USDA-ARS
further developed a national Water Research Vision for the next 30 years highlighting the need for transdisci-
plinary approaches to address water issues for agricultural systems that are becoming increasingly vulnerable to
biotic (e.g., invasive pests and weeds) and abiotic (e.g., floods, droughts, heat waves) stressors (USDA, 2022).
The historical scope of agrohydrology fails to capture the depth and trajectory of current agrohydrology research
demands, prompting the need for new discussions and a greater cross-disciplinary call to a refreshed agrohydrol-
ogy discipline.

2. Future Topics in Agrohydrology

We divided our vision of agrohydrology into six driving research themes, each covering both human and natural
systems while focusing on the hydrological optimization of these systems to maximize agricultural and stew-
ardship outcomes (Figure 1). Within each theme, we identified example future topics that allow for the over-
all advancement of agricultural water management through a hydrological lens. We grouped these topics into
relative time categories of Near Future, Mid Future, and Far Future based on when we believe that topic, if left
unaddressed, is likely to become a limiting factor to advancing the discipline. In general, we viewed Near Future
topics as operating on a 0-5 years timescale, Mid Future as 5-25 years, and Far Future as 25 years and beyond.
Overall, these topics demonstrate the need for collaboration across stakeholders and scales (e.g., local producers,
regional, and federal organizations), all with the belief that socially responsible knowledge transfer and align-
ing of shared agrohydrological interests can ultimately lead to improved agricultural water management and
environmental outcomes. Additionally, within these topics was the utilization of advanced technologies that can
continue to improve data accessibility and knowledge generation across both space and time. The establishment
of these disciplinary directions can help the field coalesce into a formal, distinct community and body of work;
coalescence has implications for societal challenges, funding needs, and the direction of foundational work in the
very near term.

3. Guiding Outcomes

Categories of Near Future, Mid Future, and Far Future groups can largely be further summarized into eras of
equipping researchers and stakeholders with the tools and partnerships necessary for advancing the field (Near

SMIDT ET AL.

20f8

85U8017 SUOLIWOD dAER.D) 8|edljdde ay) Ag peussnob afe sejoile YO ‘8sn JO Sa|nJ 1o} Akl 8UljUO A8|IA\ UO (SUONIPUOD-pUe-SLLB)W0Y" A 1M Arelq Ul juo//Sdny) SUoNIpUOD pue swis 1 8u1 88S *[202/T0/LT] uo Ariqiauliuo A8|IM ‘0T¥E00432202/620T 0T/10p/wWod As 1M Arelqipuluo'sgndnfe//:sdny wouy pepeojumod ‘ZT ‘€202 ‘LLZ¥82ET



23284277, 2023, 12, Downloaded from https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022EF003410, Wiley Online Library on [17/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(e}
o B
— o
&
=]
=]
&
83)
N
N
=)
N
(o)
N
o
-
o
—
"(8107) 2140201g puE P[oSUA0YDS: *(0TOT) ‘T8 12 090N, “(610T) Te 1
sauta(,; *(1207) T8 10 qWeTy; “($107) T8 39 M09S, “(TTOT) ‘T8 1 380[Dy “(TTOT) ‘T8 19 Mg, “(0T0T) T 19 MUIH “(0T0T) ‘T8 12 [PHQISIPIOM “(8T0T) T8 10 ‘1q9AKRL, IpTS, “(120T) UIPPUTRIA pue
PO (610T) T8 12 LeAIVg; ((910T) T2 12 IPIWS,; “(810T) ‘T8 19 [, "(0T0T) T8 32 Y0ID¢; “(610T) ‘T8 3 090N, “(£20T) T8 30 PIU_ADN; “(1T0T) T8 19 UONRIN,; “(TTOT) ‘T8 12 SIATe[; *(TT0T) ‘T8 30
IOPINMg; (9T0T) TB 19 I3deeH, “(1Z0T) Té 19 WsIogg (0202) Te 19 Saurdq, (1207) T8 1 ®BUfy "(ZT0T) T8 12 UoID. “(L107) Té 19 T[AILY, “(0T0T) T8 1 UMOI[_g, “(1#66T) OIMA, "(196T) SIOUNIYA,
eSYomawrely K101e[n3a1 Surajoaq
g2+, STOMOI3 JO SIOIABYDq [B100S Suisuey)
ozSPOYIoUW SUIUIRI] SUIYORUW PUB SOUISI[[AIUI [BIOLNIY
2z ¢zST 19JBM PIseaIoul JO $a0uanbasuod paje[al pue A30[0UYId) PIJUBAPY
22100189A1] pue uononpoid doId JuIZIIxew 10J PUBWSP PIsLAIoU]
<) [20z°61°31 ST PUB[ PUB I9A0D pue| SulKIeA 1opun 2. SUONIPUOD SIMSIOW [10S [BIo1jauaq Surpraoid Aq Afasre| ‘uononpoid
[ $901081d UONBAISSUOD puR [eIN[NOLISe Jo suonedrdur o[eos-paysiojep do1d Jo Aouaroryye oY) SuISLaIOUI J8 pawIe ‘ejep [edIS0[0IPAY JO UOTIO[0D Ay} pue sassado1d [eo130[01pAY Jo Apnis oy,
= I L PUBTEIM[NOLISEIJO SUONEOICWL9TBOS POy ¥ OIfjo =9yl Sul [e pawiee1p [edLsOJOIPAY JO UOTIS[0 Sy} P [EOL3OJOIPAY] JOIAPIYS Oy
- orecrdoreM pue ‘A319u9 ‘pooy Jo AIrxa[dwod pappaquid 9y} JO UONIUS0IY
= ARIRS
= prerzr 1 SUONORIAIUI WASAS Y1Ied pue asn 1ajem doi)
N
wu 1 BIBP 0} SS900B PaseaIou]
ﬂ g, A1ddns 191M pasearoa(g 1 10TBM JO 98 oy Ut ASURIOIfFo
(2] wnuwirxew jowoid 03 “ZIA ‘9A19[qo uowrwiod e 9AeY Apns Jo soseyd 9s9y) ylog "UOISaI ey} JO SIOINO0SA IJem
= I D T E D 9} uo soo1oeId JUSWASeURW PUR] JO AOUSN[JUT Y} QUIULIAIAP 0) A[9SISAUOD Inq ‘UOISAI © Jo [enuajod [einynorise
e 1OUIBIM SWANXS PUB AN[IGRLIBA S1BWI[D 9} UO IoeMm J[qR[IEAR JO QOUSN[JUT 9} 9JeN[BAD 0} ATUO JOU SY9S J] "SUONOBISIUI JO Apm3s € ST A50[0IpAy0IsY,,
suoneorddy juoooy SUONIUIO(] [BILIOISTH
$.42124D2S2Y [P2150]04pKY 048y U203y £q suoypanddy 1apvosg ay) 01 pasvduio)) suonuLfoq £30]04pLyosdy pI1L0ISIE
1 31q&L
my —
=2 & <
U o =
\Pi -
<Ci g
=
%)




V od |
AGU

ADVANCING EARTH
AND SPACE SCIENCES

Earth’s Future 10.1029/2022EF003410

Assessment of full agrohydrological cycles can inform the economic and agricultural value of water resources.
Value assessment can help identify agrohydrological costs and benefits of changing land cover and land use,
C\ like intensifying practices on marginal lands. These outcomes can reduce waste and benefit water quality.

/ Organizational partners and frameworks that support water resources management while upholding farmer
values and income can assist with remedies for water-related externalities or negative environmental
(\ consequences that may lead to lost production or other undesired feedbacks such as the rebound effect.

Water use applications can be optimized for total quantity, quality, operation costs, and altogether

improved water use efficiency. Other advancements can include ways for farmers to locally store water
resources effectively. Knowledge of outcomes can be extended to other resource-scarce regions.
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Near Future

O
Advanced understanding of agrohydrological implications of extreme events can reduce uncertainties -
in water-related forecasts. Improved understanding can then be used to develop management plans
that buffer negative impacts while advancing the resiliency and adaptability to extreme events. /)
Agrohydrological models can better capture complete watershed dynamics that connect both quality and G
quantity throughout the water cycle. Researchers can further promote actionable and user-friendly science
that prioritizes the usability and access of water resources and is supported by extension programs. /)
Agrohydrological data are often disparate across stakeholders, making it difficult to uncover vital agricultural \
and hydrological connections. Data can be better integrated across spatial scales and shared across
stakeholders, requiring a responsible and coordinated data effort that extends beyond the individual.

Figure 1. Summarized agrohydrological research themes driving future topics and outcomes across timescales.

Future), employing new operational capabilities to revitalize farming strategies (Mid Future), and transforming
regional farming systems to realize global benefits over extended time and spatial scales. Each plays a unique role
in forming the future of agrohydrology.

3.1. Near Future

Near Future topics largely focus on establishing water-related stakeholder collaborations and equipping end users
(growers, ranchers, and resource managers) with improved decision-making tools. These tools will lead to an
improved understanding of water systems, so end users are more likely to adopt new water-focused practices
(e.g., water conservation strategies, valuation of food production; Michalke et al., 2023). Researchers and other
stakeholders are at an interesting confluence of conventional agricultural practices and advanced data analyt-
ics. However, these analytics have yet to capture full water cycle dynamics in a way that can comprehensively
advance farming practices, or even fully characterize the farm water balance. In short, modern agriculture has
demonstrated interest and engagement with emerging water management practices, so demand for data-driven
decisions is likely to increase and transform operational transitions. Operational changes based on the agricul-
tural information gained from these data has already progressed in some agricultural technology (e.g., Melton
et al., 2021), but more are likely to flood the industry in the near future as new water-related applications are
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developed and field-tested. Economists and sociologists, particularly those interested in the role of technology
and its adoption, are necessary to realize this near-future vision. The success and social acceptability of such
innovations depends on the ability to engage end users making it critical to understand how farmers perceive
agrohydrological programs and associated new tools (e.g., Teff-Seker et al., 2022). This research program may
also provide opportunities for public-private partnerships given the role of the private sector in the development
of decision-making tools and equipment for data collection and analytics.

3.2. Mid Future

Mid Future topics see a transition to improved farming practices with clear, quantitative influences on and
responses to water use, distribution, and conservation. Example topics include shifts in crop selection based on
both water needs and income generation (e.g., commodity diversification, new planting locations) and improved
access to centralized data-driven decision-making and support tools. These activities employ the Near Future
outcomes to empower farmers to maximize profit through lower-risk adaptations in water use during growing
practices. Likewise, this period captures a time when the use of data integration will no longer be novel but rather
commonplace in a new culture for water management. As a result, we envision that smallholder farmers will gain
opportunities for water resources success (e.g., reduced watershed burden) in ways that are simultaneously inno-
vative, individualized, and lower in risk both economically and environmentally. Success at this stage will rely on
the integration of water management with many other aspects of farming and ranching and their larger sociohy-
drological systems, including government programs such as crop insurance, equipment suppliers, and commodity
buyers who have a vested interest in a sustainable and transparent supply chain. These facets of production have
historically been treated as the domain of different disciplines except in formal life cycle analyses, but agrohy-
drology holds the promise of unification into a single field.

3.3. Far Future

Far Future topics encompass a holistic reimagining of the global agrohydrologic cycle at many nested spatial
scales. Regenerative agriculture is a targeted avenue for meeting increased global food demands through improved
soil structure, infiltration, water-holding capacity, and other measurable soil health outcomes. Livestock or aqua-
culture integration into cropping systems can further unlock valuable long-term soil health and water conserva-
tion benefits. Agricultural waste may be minimized through the optimization of growing practices or put to use
in novel ways, and managing for resilience to water-related extreme events will be normalized throughout all of
agriculture. Infrastructure for local water resources conservation and storage will allow growers to become more
resilient to hydrological extremes, including the improved utilization of soil-water transport models. Decades of
agrohydrological progress will permeate all regions of the world, and agricultural water use and management in
developing countries will progress in a way that will help tackle global challenges related to poverty, hunger, and
overall human well-being. Realizing this vision relies on advances in the physical sciences, such as sub-seasonal
forecasting and mechanistic understanding of extreme hydrological events and irrigation-induced climate change.
It also relies on fields including human geography and political science in order to explicate and level the rela-
tionship between power dynamics and access to water. Much of this will require large-scale investments from
governments at the local, regional, and national levels. By establishing the field of agrohydrology, researchers
have the potential to contribute to global well-being by maximizing the efficacy of state and private interventions.

3.4. Gaps and Opportunities

We believe that future water demands and hydrological impacts of agriculture can be balanced in a way that is
more integrated, holistic, and meets the needs of an ever-evolving global demand for water to produce food, feed,
fiber, and fuel. Specifically, there remains a growing need for frequent and direct interactions with farmers, ranch-
ers, and other representatives of the agricultural supply chain, which further justifies the support and demand
for cooperative extension scientists (Nocco et al., 2020), social science integration (Sanderson et al., 2017), and
the demand for an updated discipline that spans beyond traditional water processes (Davidson, 2016; Grafton
et al., 2018; McDermid et al., 2023). Better connecting disparate agrohydrological data across both space and
time will further allow for united research and application efforts across the physical and social sciences; this
notion is further echoed by other interdisciplinary hydrologists (Pande et al., 2022). For example, such efforts
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and improve the hydrological outcomes for both human and natural systems. Over time, these activities can be
implemented more broadly so that positive agrohydrological impacts can be realized worldwide over the near,
mid-, and long-term. Agrohydrology demands a meeting of minds across established disciplines, and the histori-
cal agrohydrological framework does not fully capture the evolution of the subdiscipline.
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