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Abstract
Water is essential for wetland function and sustaining migratory networks for wetland wildlife across broad landscapes.
Groundwater declines and surface flow reductions that impact aquatic and wetland organisms are common in the western U.S.
and increasingly in the eastern U.S. Agriculture is the largest consumptive water use in the U.S. and understanding economic
incentives of water-use practices and the legal context of water rights is foundational to identifying meaningful water solutions
that benefit all sectors of society. In this paper, we provide a brief overview of water rights in the U.S. and synthesize the literature
to provide a broad overview of how federal farm policy influences water-use decisions. We conclude that the ultimate cause of
many water-use conflicts is an inefficient farm economy that is driven by several proximate factors, of which outdated water laws
and subsidies that encourage increased water use are among the most important. Development of multi-scale water budgets to
assess project impacts and by working more intensively at local watershed and aquifer scales may improve conservation efforts.
Finally, detailed analyses to understand the impacts of specific federal policies on agricultural water use may enhance water
conservation efforts, facilitate long-term food and water security, and provide greater protection for wetland and aquatic
resources.
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Introduction

Wetlands are among the most valuable ecosystems with re-
spect to the provision of ecosystem services (Costanza et al.
2014; Mitsch et al. 2015) and encompass the full range of
categories (provisioning, regulating, cultural, and supporting)

identified in the Millennium Ecosystem Assessment (Reid
et al. 2005). Recognition of the value of wetlands to wildlife
was a primary consideration in the original development of
organized conservation efforts. Federal conservation of wet-
lands began as early as 1903 with the establishment of Pelican
Island National Wildlife Refuge (Reed and Drabelle 1984).
Since that time, the Duck Stamp Act, North American
Waterfowl Conservation Act, Swampbuster Act, Wetland
Reserve Program, Clean Water Act and other federal legisla-
tion have resulted in the acquisition, management, and/or pro-
tection of wetlands to sustain wildlife habitat and other eco-
system services associated with wetlands. Similarly, many
state game and fish agencies and non-governmental organiza-
tions have purchased wetlands or protected them with conser-
vation easements for wildlife and biodiversity benefits with
many state governments also protecting wetlands through reg-
ulatory programs.

The U.S. has expended considerable resources in the pro-
tection, conservation, andmanagement of wetlands. However,
the unsustainable use of water resources, particularly by agri-
culture, threatens these efforts and has contributed to wetland
loss and disruption of wetland functions by altering the
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volume and timing of surface and/or groundwater inputs
(Donnelly et al. 2020; Richter et al. 2020a). Importantly, the
impacts of unsustainable water use are not limited to conser-
vation goals. Food, water, energy and climate security are the
four resource pillars of global security, prosperity, and equity
(Hague 2010). These pillars are clearly interdependent, with
availability of water affecting the others. More recently, ex-
panded utilization of water for production of food and energy
and to mitigate the direct impacts of a changing climate (Rosa
et al. 2017; D’Odorico et al. 2018; Warziniack and Brown
2019) increasingly threaten the availability of water. For ex-
ample, as of 2014, energy development accounted for about
10% of consumptive water use in the U.S. and 40% of water
withdrawals; irrigation for corn-based ethanol accounted for
about 30% of all energy withdrawals (Grubert and Sanders
2018). In addition, agriculture accounts for more than 75%
of consumptive water use in the entire U.S. and 85% in the
17 western states (Richter et al. 2020a) and these estimates do
not include green water consumption (Schyns et al. 2019).

Identifying and understanding the root causes of water
shortages and conflict are foundational to developing effective
conservation measures and ensuring food security, which is a
national security issue (Abbott et al. 2018). The U.S. National
Intelligence Community Assessment (2012) estimates that
global food demands will increase 70% by 2050 and within
10 years, “the depletion of groundwater supplies in some ag-
ricultural areas—due to poor water management—will pose a
risk to both national and global food markets.” This assess-
ment further noted that improved water management and in-
vestments in water-related sectors afford the best solutions for
water problems and the greatest benefits would come through
improved technology that reduces the amount of water needed
for agriculture. Although we agree that improved technology
can reduce water needed for agriculture, as explained later in
this document, these actions can have unintended negative
impacts on wetland conservation efforts and downstream wa-
ter users due to loss of return flow water to surface and shal-
low groundwater dependent ecosystems (Arnold 2011; Kendy
et al. 2018). Therefore, alternative solutions in addition to
technology are necessary to ensure resolution of emerging
and anticipated future water conflicts.

Human use is now the largest driver of the hydrologic cycle
(Abbott et al. 2019). Richter et al. (2016) noted that one half of
all western rivers in the U.S. have greater than 50% of their
flow removed for human uses and one quarter of western
rivers havemore than 75% of their flow diverted for consump-
tion, mostly for irrigation. Irrigated cropland in the U.S. has
increased by about 3.5 million ha since 1992 (U.S.
Department of Agriculture, National Agricultural Statistics
Service 2004, 2019a) and the impacts on river and wetland
resources are not limited to the arid Western U.S. For exam-
ple, since 1992 irrigated cropland inMississippi and Arkansas
has increased by 105% and 80%, respectively (U.S.

Department of Agriculture National Agricultural Statistics
Service 2004, 2019a) and has led to over drafting of aquifers
and reduced stream flow (Clark et al. 2011; Konikow 2013).
Similarly, intensive irrigation and increased urban growth in
the Apalachicola-Chattahoochee-Flint River Basins has re-
sulted in interstate water conflicts that have been heard by
the U.S. Supreme Court (Rugell and Jackson 2012; Leitman
et al. 2017). Declines in the Ogallala aquifer of the High Plains
are well documented with aquifer depletion in some areas
expected within the next few decades (Scanlon et al. 2012).
These declines strongly affect wetland (Wurtsbaugh et al.
2017; Donnelly et al. 2020; Starr and McIntyre 2020) and
aquatic systems (Perkin et al. 2017) as well as the farming
communities that rely on this water source (Warziniack and
Brown 2019).

A high proportion of freshwater aquatic and wetland sys-
tems are embedded in landscapes dominated by agriculture
and the production of commodities represent the greatest use
of water. As a result, achieving a sustainable wetland future,
which requires properly functioning hydrology, is intricately
linked to agricultural decisions. Therefore, we argue that ho-
listic policy directives that recognize the importance and in-
terconnectedness of agricultural economies and wetland eco-
system services rival technological advancements in achiev-
ing a viable, long-term solution to sustainable water use.
Developing such directives requires a basic understanding of
water law, farm economies, and water use to identify conser-
vation inefficiencies and opportunities. Our objectives are to:
1) Provide a brief overview of agricultural water use and water
rights; 2) Discuss factors affecting agricultural decisions and
the roles farm policy and global agriculture play in influencing
water-use decisions; and 3) Discuss implications of these re-
views to conservation efforts. Although allocation of water
use to all four resource pillars of global security are important,
we focus our review and discussion on agriculture and farm
policy since this is the immediate area of most consequential
impacts. Our intention is to provide an overview of agricul-
tural water use issues to facilitate thought regarding policy
changes that can improve water use behaviors and the conser-
vation of wetland and water resources.

Results

The Water Management Landscape

Humans have altered, directly and indirectly, the hydrology of
most remaining wetlands in the conterminous U.S. Such alter-
ations have disrupted the ability to reliably provide the suite of
desired ecosystem services; therefore, an assortment of infra-
structure (e.g., pumps, surface diversions, levees, ditches/ca-
nals, water-control structures) is often constructed in various
designs to manage hydrology (e.g., timing, depth, and
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duration of flooding) to achieve management objectives. In
many cases, surface water infrastructure is shared among di-
verse user groups (e.g., private farms, public lands). In con-
trast, the manipulation of groundwater is often isolated to in-
dividual entities (e.g., center-pivot irrigation systems, munic-
ipal supply, tile drainage); however, impacts of isolated
groundwater management activities can affect water available
to other users at local and regional scales via multiple mech-
anisms (e.g., disruption of groundwater flows, aquifer
depletion; Scanlon et al. 2012; de Graaf et al. 2019). As a
result, regardless of the water source, agricultural production
and wetland management are interdependent and water supply
shortfalls affect both concurrently. The severity of the impact
typically increases as the magnitude of the shortfall increases.
Water law bounds the viable resolution of water shortages,
which can constrain or enhance conservation opportunities
(Richter et al. 2020b). Thus, a basic understanding is founda-
tional for conservationists interested in solving water issues.

Water Law

In this section we provide a brief summary of issues we con-
sider important to farm policy; water law continues to evolve,
and this section does not address the full complexities of water
law in the U.S. Throughout the U.S., water is a public resource
and, most commonly, states govern the rights to use the re-
source. Three broad models (summarized below fromGetches
et al. 2015), enforced variably among states, describe surface
water rights in the U.S.: 1) Riparian; 2) Prior appropriation;
and 3) a hybrid between the two (Dellapenna 2002). The ri-
parian model is common in states east of theMississippi River
and landowners adjacent to streams are granted water rights
for “reasonable” use so long as their use does not impair the
rights of downstream users. In contrast, the prior-
appropriation model is common in states west of Kansas
City and originated in response to mining interests. Miners
often needed to divert water long distances from streams and
riparian areas were of little value to them. This model desig-
nates seniority based on the filing date for a water right and the
requirement that water be put to “beneficial use”, which ini-
tially was narrowly interpreted to include primarily agricultur-
al, municipal, and industrial uses. Only in the past few decades
have states started to recognize environmental uses as benefi-
cial. Seniority of the water right is particularly important be-
cause, in the strictest sense, during periods of shortage, fulfill-
ment of senior water rights occurs prior to any junior water
rights. Consequently, even though environmental uses may be
deemed beneficial, these rights are often junior to traditional
uses and often are not implemented on over-allocated streams,
particularly in watersheds dominated by intensive agriculture
(Smith 2019; Richter et al. 2020b). Hybrid models of water
rights take components of the riparian and prior-appropriation

models, but which components are incorporated varies among
the states using a hybrid approach.

Although states manage water rights, the federal govern-
ment does have some direct control of water (Gannon 2014;
Getches et al. 2015). TheWinters Doctrine established that the
federal government has the authority to reserve all unappro-
priated waters necessary to meet the purpose of lands reserved
for federal purposes (Winters vs the United States 1908). This
doctrine protects water for Native American reservations, na-
tional wildlife refuges, and national parks, with the priority
date based on the date the reservation or refuge was
established and the water quantity based on current and future
needs (Cappaert vs United States 1976; Gannon 2014). The
federal government also plays a role in ratifying interstate
agreements, or compacts, on shared water resources among
states, which require adjudication in a judicial proceeding
followed by Congressional approval (Getches et al. 2015). A
state’s legal mandate to fulfill interstate water compacts can
result in variable enforcement of existing state water laws or
the development of new water laws (e.g., Griggs 2017;
Perramond 2020). On the Lower Colorado River, the federal
government administers all water rights as the result of the
Colorado River Compact (Robison et al. 2014). Numerous
federal policies, such as the Clean Water Act and the
Endangered Species Act, also can supersede state water rights
(i.e., Supremacy Clause).

Groundwater law varies depending on the state (Gannon
2014; Bryan 2015) and according to the National Agricultural
Law Center (https://nationalaglawcenter.org/overview/water-
law/; accessed 01/19/2021 and summarized below) falls
within five broad models: Absolute Dominion Rule,
Correlative Rights Doctrine, Prior Appropriation Doctrine,
Reasonable Use Doctrine, and Restatement (second) of Torts
Rule. The Absolute Dominion Rule allows landowners to cap-
ture as much groundwater as possible without incurring liability
to affected groundwater or surface water users, regardless of the
seniority of surface water rights. In addition, groundwater can
be sold for off-site use. The Correlative Rights Doctrine appor-
tions water equitably among landowners overlying the aquifer.
This doctrine also allows off-site uses, but these uses are a lower
priority than on-site uses. Many western states use the Prior-
Appropriation Doctrine, which gives priority to the first users
that divert groundwater for beneficial use; the amount is limited
to that which can be put to beneficial use and many states have
now replaced this systemwith a permit system. The Reasonable
Use Doctrine allows water to be used for reasonable purposes
on the overlying land. It does not allow for off-site use but does
interpret “reasonable purpose” broadly. Finally, the
Restatement (second) of Torts Rule is essentially a merger of
the Absolute Dominion Rule and the Reasonable Use Rule and
gives landowners rights of beneficial use of groundwater pro-
vided it meets certain restrictions of liability to other ground-
water users.
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The diversity of groundwater laws and the limits within
each result in some states treating groundwater and surface
water as a single resource and others treating them separately
(Gannon 2014; Griggs 2017; Owen et al. 2019; https://
nationalaglawcenter.org/overview/water-law/ accessed 01/
19/2021). The latter approach is in spite of the fact that
surface water and groundwater are often, but not always, an
interconnected resource (Winter et al. 1998). As such, ground-
water pumping can result in reduced river flows as river water
recharges the aquifer (de Graaf et al. 2019). In the San Luis
Valley of Colorado, the state reduced groundwater pumping
due to reduced streamflows, declining groundwater levels,
and an inability to fulfill senior surface water rights and meet
state obligations set forth in the Rio Grande Interstate
Compact (Rio Grande Basin Roundtable 2015). Conversely,
the state of Nebraska released water stored in reservoirs used
to fulfill senior surface water rights in the Republican River
Watershed so the state could meet interstate water compact
obligations; they have continued to prioritize groundwater
rights over surface water rights (Griggs 2017).

As noted above, owning a water right does not guarantee
water delivery. Importantly, water rights are often based on an
annual volume, but water shortages often occur because mul-
tiple users exercise their water rights during the same time,
which creates a demand that is temporally greater than avail-
ability. In fact, a large number of streams are over allocated
(Richter et al. 2016; but see Owen 2014) and the volume of
diverted water consumed is unknown. Furthermore, ground-
water pumping, which will generally peak at the same time as
surface water irrigation, is unaccounted for and can reduce
streamflow. In short, many states do not know how much
water their state has, or the volume of water used and/or con-
sumed, which hinders their ability to manage the resource
locally and to meet interstate compact requirements
(Perramond 2020). This not only negatively affects environ-
mental sustainability, but also affects individual farmers. In
2018, 20,214 farms encompassing 868,860 million ha of
farmland reported interruptions in irrigation supplies with
>50% of the area interrupted by shortages in surface water
supplies (U. S. Department of Agriculture National
Agricultural Statistics Service 2019a). Although surface water
shortages are responsible for most irrigation interruptions,
groundwater shortages can also affect irrigation. Texas report-
ed the most land interrupted by groundwater shortages
(59,770 ha). In emergencies, states can reduce or eliminate
water rights with priority generally given to urban demands,
followed by agriculture.

In summary, water rights are state rights, with little direct
federal control and high variability among states.
Furthermore, the basic laws are largely the result of antiquated
water management laws and structures developed at a time
when ground and surface water resources were considered
independent and, for surface water resources, often based on

overly optimistic estimates of water availability (Owen et al.
2019; Perramond 2020). Over the past two decades, water law
and associated management strategies have been evolving to
accommodate our new understanding of water. However, le-
gal frameworks based on dated scientific information still
present significant financial and legal challenges (Owen
et al. 2019; Perramond 2020) and the evolution of water law
has not kept pace with the rapid expansion of irrigation de-
mands, newer societal demands for healthy rivers and region-
ally diminished water supplies due to climate change. Thus, in
spite of long-established water law, water shortages are com-
monplace in the west and increasingly common in the east.

Factors Affecting Farmers’ Decisions

Water rights legally define the allowable quantity of water use
that can occur annually; however, numerous additional factors
influence decisions made by farmers regarding the actual
quantity used. Potential economic returns, and the risk as-
sumed in pursuing those returns, are major drivers of farming
decisions (Blank 2008). In general, the total amount of com-
modity produced and price per unit for that commodity deter-
mine the magnitude of agricultural returns. Assessing these
primary drivers requires consideration of numerous other fac-
tors operating at multiple, interrelated scales ranging from
local to global. Local factors include input costs (e.g., seed,
fertilizer, pesticides, fuel, water, transportation, labor) and fac-
tors affecting crop choice and productivity such as weather
(e.g., temperature, precipitation) and local site conditions
(e.g., soils) (Blank 2008). Input costs can vary regionally for
the same crop type due to such factors as transportation infra-
structure and differences in soils and climate. Other state and
federal policies, such as environmental and immigration pol-
icy, also can affect input costs. Global factors include the
price, demand, and total production of individual commodities
(Blank 2008). For example, global diets have shifted to con-
suming more meat as global economic conditions have im-
proved (Keyzer et al. 2005; Tilman et al. 2011). Meat requires
substantially more water than vegetables and grains and these
dietary shifts have put tremendous pressure onwater resources
globally (D’Odorico et al. 2018; Richter et al. 2020a). Richter
et al. (2020a) noted that irrigation for cattle feeds is the prima-
ry driver of flow depletion in 1/3 of all western watersheds.

A primary method to mitigate production risk is crop irri-
gation, which has continued to increase and facilitate the tran-
sition to more water-intensive crops (Smidt et al. 2019). In
2017, there were 23.5 million ha of irrigated land in the U.S.
(U.S. Department of Agriculture National Agricultural
Statistics Service 2019b; Fig. 1). Of this area, farms
>404.7 ha (1000 ac) accounted for 74.7% (17,547,068 ha)
of irrigated area and 13.5% of total harvested cropland. In
2012, irrigated farmland totaled 22.6 million ha and com-
prised about 17.7% of total harvested cropland. In 2012,
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however, irrigated farms accounted for about 50% of all farm
sales (U.S. Department of Agriculture Economic Research
Service https://www.ers.usda.gov/topics/farm-practices-
management/irrigation-water-use.aspx accessed 09/14/2020).
The predominant irrigated crops in the 17 western states
during 2012 were hay and forage crops (24.5%) and grain
corn (24.5%), whereas soybeans (29.6%) and grain corn (24.
3%) predominated in the east. Weather accounts for 85% of
crop losses (Olen and Auld 2018) and irrigation capabilities
can reduce impacts related to drought and increase production
per unit area, as well as increase land value (Zhang et al. 2015;
Sampson et al. 2019). For example, the average yield of irri-
gated and non-irrigated corn in 2017 was 78.1 and 69.9
bushels/ha, respectively (U.S. Department of Agriculture,
National Agricultural Statistics Service 2019b). At an average
2017 price of $3.30/bushel (U.S. Department of Agriculture
National Agricultural Statistics Service 2018), this would
equate to a difference of $27.06/ha although this price does

not reflect additional input costs of irrigation. Similarly, pro-
duction of irrigated and non-irrigated alfalfa was 1.7 and 0.9
metric tons/ha dry weight, respectively. Based on an average
2018 price of $152/metric ton, this would reflect a difference
of $121.60/ha not considering input costs.

The profitability of different crop types also influences
farmers’ decisions, and increased use of groundwater, subsi-
dized irrigation infrastructure and water costs, and crop insur-
ance have allowed farmers to shift to more profitable crops
regardless of their water use requirements (Wichelns 2010;
Smidt et al. 2019). Technological advancements (e.g., crop
varieties, irrigation) now facilitate the production of many
crops across a broader geographic range. As a result, econom-
ic conditions, commodity prices, and government policies can
result in rapid changes in crop types, as evidenced by the rapid
expansion of corn following the ethanol mandate (Welch et al.
2010; Lark et al. 2015) and a more recent increase in hemp
(Smith 2018; Sterns 2019). Vegetables and perennial nut
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crops are high value crops, but diseases and climatic require-
ments can limit where they are grown. In spite of higher water
requirements than many other crops, perennial crops often are
grown in arid and semi-arid areas and can be highly profitable
annually and increase land values (Beene 2019). For example,
California produces 80% of the world’s almonds (Almond
Board of California 2016) generating $5.6 billion in 2017
(U.S. Department of Agriculture National Agricultural
Statistics Service 2019c), although the high water-use require-
ments generated widespread criticism during the recent
California droughts (Reisman 2019). New Mexico leads the
nation in pecan production (37% of total production) with
over 95% of the acreage in the water-contentious Rio
Grande and Pecos River Valleys (O’Leary 1980; Coleman
2018; U.S. Department of Agriculture National Agricultural
Statistics Service https://www.nass.usda.gov/Statistics_by_
State/New_Mexico/Publications/Special_Interest_Reports/
2018-Pecan-CE.pdf; accessed 09/08/2020). A total of 7.2
million ha of alfalfa was grown in the U.S. in 2017,
producing 49.3 million metric tons (U. S. Department of
Agriculture National Agricultural Statistics Service 2019c)
with a value of $7.5 billion based on a value of $152 per
metric ton (prices derived from U.S. Department of
Agriculture National Agricultural Statistics Service 2018).
Alfalfa also is a high water-use crop and accounts for 20%
of all water used for irrigated crops in the Western U.S. and
37% of water used for irrigated crops in the Colorado River
Basin (Richter et al. 2020a). In general, the more arid regions
have higher water use per hectare of cropland, which is both a
function of the environment and the choice of crops grown
(Fig. 2).

For most crops, farmers are now producing dramatically
higher yields per unit area than several decades ago
(Andersen et al. 2018) but they are competing in a global
market where there is little to no differentiation between prod-
ucts produced in different countries (Blank 2008).
Historically, superior technological advantages strongly
assisted American farmers in leading the world in agricultural
production. Global competitors now, however, rapidly adopt
advances in technology. Consequently, economic returns as-
sociated with investments in technological advancements
have declined dramatically and increased production related
to the technology acts to reduce global food prices, which
negatively affects individual farm income. For example, corn
production is expected to be at record levels in 2020 and
soybeans will be at the fourth highest level ever recorded
(Abbott 2020). At a regional and national scale, these
changes can have dramatic effects on farm income.
Sanderson and Frey (2015) noted that corn production in
southwest Kansas increased 200-fold from 1958 to 2011 but
aggregate personal income in the region remained relatively
flat from 1969 to 2011. The latter result contrasted sharply
with rapid growth in aggregate personal income in urban areas

of Kansas, which rose over 100% during the same time. At a
national scale, farm income, or overall farm economic condi-
tions, show sharply divergent trends. U.S. farm bankruptcies
in 2019 were up 20% from 2018 (595 total filings out of
2,000,000 farms), although still far below record levels
(American Farm Bureau Federation 2020; https://www.fb.
org/market-intel/the-verdict-is-in-farm-bankruptcies-up-in-
2019; accessed 02/24/2020). In spite of these bankruptcies,
net farm income was slightly higher than the 20-year average,
although this was largely a result of government payments to
minimize the effects of tariffs on farmers (American Farm
Bureau Federation 2020).

Current Economic Condition of U.S. Farms

Understanding the economic status of farming has important
implications for conservation groups working within farming
communities. Although there are multiple methods tomeasure
farm economics, it is difficult to accurately describe the na-
tional status because conditions vary regionally and locally
and even among farmers at a local level. Regardless, the
U.S. Department of Agriculture defines farms as “any place
from which $1,000 or more of agricultural products were pro-
duced and sold, or normally would have been sold, during the
census year” (U.S. Department of Agriculture National
Agricultural Statistics Service 2019b). Thus, farm income
(i.e., income derived solely from the farm business) usually
is defined in terms of commodity sales. Based on this metric,
low agricultural returns from production are commonplace.
From 1960 to 2002, farmers in 8 of 10 U.S. regions had an
18.9–30.1% chance of not breaking even (Blank 2008) and
low returns are a continuing trend (Blank 2018). There is also
great disparity in farm income relative to farm size with larger
farms having the capacity for greater production and, hence,
greater income (Table 1). In 2017, for example, 3431 farms
with an average size of 1692.8 ha (4183 ac) generated 25% of
all revenue generated from farm products (U.S. Department of
Agriculture National Agricultural Statistical Service 2019).
However, average farm income can be misleading because
government subsidies account for a portion of this income.

On average, government subsidies, largely provided
through the Farm Bill, comprise 13.7–46.7% ($91,704/yr -
$3581/yr) of farm-derived income for farms between 4.0–
809.4 ha (10–2000 ac) and 16.6% ($54,343/yr) of farm-
derived income on farms >809.4 ha (2000 ac) (U.S.
Department of Agriculture Agricultural Statistics Service
2019b). Subsidies can take many forms, including direct pay-
ments, loans, and crop insurance. Most direct payments go to
a few commodity types, including cotton, rice, soybeans,
corn, and wheat. Conservation programs, including the
Conservation Reserve Program and Wetland Reserve
Program, are a form of direct payment and make up about
7% of the budget for the Agricultural Improvement Act of
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2018 (https://www.ers.usda.gov/agriculture-improvement-
act-of-2018-highlights-and-implications/ accessed 2/11/
2020). Farms with receipts <$50,000 accounted for 54% of
all conservation program dollars and accounted for 93.4% of
farms receiving conservation subsidies (United States
Department of Agriculture, National Agricultural Statistics
Service 2019b). Only 5.1% of farms that had any land in
irrigation participated in conservation programs; the acreage
enrolled in these farms accounted for only 10.8% of lands
enrolled in conservation programs (977,948 ha out of
9,009,039 ha enrolled total; United States Department of
Agriculture, National Agricultural Statistics Service 2019b).

Farm equity, which is the difference between total assets
and total debt, influences loan amounts and interest rates. In
2020, land values accounted for 82.8% of farm sector assets
(U.S. Department of Agriculture Economic Research Service
2020), thus the impacts of changes in land values on capital
assets of farms are easily recognized.

Farming is inherently risky and requires substantial up-
front investment; thus, the crop insurance program has been
popular. Although the program originated in the 1930s, the
importance of crop insurance has increased dramatically in the
last few Farm Bills. The federal crop insurance program in-
sures more than 117.4 million ha, including more than 80% of
the major field crops area planted in the U.S. (https://www.ers.
usda.gov/topics/farm-pract ices-management/r isk-
management/government-programs-risk.aspx accessed 2/11/
2020). The latest farm bill also directed the Federal Crop
Insurance Corporation to develop options for a variety of
other crop insurance coverages including crops on batture
lands (i.e., lands inside the levees on the Mississippi River)
(https://www.ers.usda.gov/agriculture-improvement-act-of-
2018-highlights-and-implications/crop-insurance/ accessed
2/11/2020 10:16 am). Crop insurance can take the form of
crop yield insurance that addresses yield loss or crop
revenue insurance that addresses situations when gross
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revenue (yield times price) falls below a specified level. The
government pays approximately 60% of the crop insurance
premium for farmers and crop insurance companies are paid
administrative and operating costs of around 22–24% of total
premiums (https://farm.ewg.org/crop_insurance_analysis.php
accessed 01/22/2021) with a targeted return to the companies
of 14.5% annually (Congressional Budget Office; https://
www.cbo.gov/budget-options/56815 accessed 01/22/2021).
From 1995 to 2018, the Environmental Working Group
reported that principal and interest from farmer crop
insurance premiums totaled $60.5 billion, but overall
government program expenses were $151.0 billion (https://
farm.ewg.org/cropinsurance.php accessed 3/27/2020).

An evaluation of farm operator income (i.e., farm and non-
farm income combined) instead of solely farm income creates
a more accurate picture. Median annual farm operator income
has exceeded median annual U.S. household income every
year since 1998, and was 15% greater ($72,481 vs $63,179,
respectively) than median annual U.S. household income in
2018 (https://www.ers.usda.gov/topics/farm-economy/farm-
household-well-being/income-and-wealth-in-context/). A
total of 40.5% of farms indicated that the occupation of the
primary operator of the farm was not farm related (U.S.
Department of Agriculture Economic Research Service
2019). This indicates non-farm income makes up a significant
portion of farm operator income, particularly those that oper-
ate smaller farms (Blank 2008). It is unknown how many of
the farms that show negative returns on farm-derived income
(Table 1) actually have net profits if non-farm income is con-
sidered, but non-farm income likely allows many farmers to
sustain wealth by protecting their capital assets, particularly
land. However, farmers near urban areas tend to have a com-
petitive advantage in earning non-farm income because the

availability of non-farm jobs tends to be lower in isolated rural
areas (Blank 2008; Goetz et al. 2018).

Farm wealth also provides a stark contrast to annual farm-
derived income. In 2016, the most recent data available, the
average net worth of an American household was $692,100
and the median net worth was $97,300 (Bricker et al. 2017). In
contrast, in 2018, the average net worth of a U.S. farm house-
hold was $862,000 and commercial farms with greater than
$350,000 in sales had a median wealth of $2.8 million (U. S.
Department of Agriculture Economic Research Service
2020; https://www.ers.usda.gov/topics/farm-economy/farm-
household-well-being/income-and-wealth-in-context/
accessed 08/24/2020). In 2018, only 3.2% of farm households
had total wealth less than the median U.S. household wealth
and only 2.2% were considered combined low-income (< me-
dian U.S. income for 2018 of $63,179) and low wealth
(< median U.S. household wealth for 2016 of $97,300). A
total of 40.4% of farms were considered combined low in-
come and high wealth whereas 56.4% were considered com-
bined high income and high wealth.

Discussion

In this paper, we have outlined some of the major constructs
that underlie challenges of creating sustainable water use in
agriculture including the scientific shortcomings and legal
constraints of water rights, underlying economic factors that
affect farmers’ decisions, and the basic economic realities of
farming returns. In spite of these challenges, the volume of
recent literature documenting the decline of wetlands and
aquatic resources, the need to increase agricultural production
in the next 30 years, and the plight of small farms indicates

Table 1 Selected economic
characteristics of U.S. farms by
size class for 2017. Discontinuity
among classes is due to
conversion errors. Data is
compiled from United States
Department of Agriculture,
National Agricultural Statistics
Service (2019b)

U.S. Farms Average net cash from farm income Receive government payments

Size (ha) Number (%) Average Net Cash
Farm Income of
Operators ($)

Farms With
Net loss (%)

% Average annual ($)

0.4–3.6 273,325 13.4 1164 76.4 4.9 3625

4.0–19.8 583,001 28.5 6715 71.9 13.5 3139

20.2–27.9 135,126 6.6 15,532 61.9 22.8 3699

28.3–40.1 163,251 8.0 17,227 56.9 28.9 3963

40.5–56.3 149,478 7.3 20,833 53.4 31.5 4709

56.7–72.4 116,908 5.7 24,807 48.6 40.0 5500

72.8–88.6 74,086 3.6 33,232 45.5 41.9 6192

89.0–104.8 57,096 2.8 40,134 41.2 47.3 6648

105.2–201.9 183,835 9.0 54,257 36.8 54.7 8610

202.3–404.3 133,321 6.5 106,307 30.3 67.2 14,603

404.6–809.0 87,666 4.3 182,410 26.4 76.3 27,296

> 809.4 85,127 4.2 327,432 25.3 75.6 54,343
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humans are at a crossroads regarding the use of water to meet
societal demands (Perkin et al. 2017; Wurtsbaugh et al. 2017;
D’Odorico et al. 2018; Abbott et al. 2019; de Graaf et al.
2019). As the American farm economy continues to adapt to
challenges imposed by the globalization of agriculture, Blank
(2008) argued that government intervention in this process has
slowed progress. Multinational agribusiness firms have
thrived under globalized agriculture (Robinson 2018) but con-
tinued low commodity prices and subsidy structures have im-
pinged on the ability of small producers, which account for the
vast majority of farms, to meet financial obligations (Blank
2008; Bruckner 2016) while simultaneously increasing envi-
ronmental costs. As a result, farm bankruptcies and consoli-
dation of farmland are inevitable and, ultimately, the agricul-
tural sector of the U.S. economy likely will shrink as invest-
ments move to areas of higher potential returns and lower risk
(Blank 2008). Blank’s (2008) conclusion is based on data
indicating all developed countries naturally progress from
agricultural-based economies to more advanced economic
sectors that eventually produce higher returns than agriculture.

The causes of water-use conflicts often are characterized as
differing values between environmentalists and farmers.
However, based on our review of the information, we contend
that the ultimate cause of many conflicts is an inefficient farm
economy that has become overly dependent on unsustainable
water use that is facilitated and amplified by outdated water
law and over allocation of available water resources (Fig. 3).
Historic water law, combined with over allocation of water
resources, constrains efforts to control water use whereas fed-
eral subsidies provide an economic stimulus to intensify and
expand water use. We argue resource conservation and the
economic viability of farms are not a dichotomous choice, as
both are necessary to sustain our nations’ water and food se-
curity. Rather, our nation may benefit from a new approach
that embraces the combined reality of globalized agriculture,
the need for food and water security, and the value of

environmental benefits provided by wetland and aquatic sys-
tems (Lant et al. 2008). Significant progress in resolving
water-use conflicts and the economic well-being of farmers
in the U.S. can be achieved through collaborative efforts to
revise existing policies that have contributed to the current
situation. Success will require individuals comprising all so-
cietal sectors to be active participants in developing policy
solutions based on factual information and open, honest
political discourse. Bosso (2017) noted that the latter can be
lacking in some farm policy discussions.

The general argument to improve subsidy structures to re-
duce water use and environmental impacts also has strong
economic arguments that can benefit both farmers and
society in general. Blank (2018) argued that the profit problem
in American agriculture is related strongly to the structure of
agricultural subsidies, which largely are provided to specific
commodity groups that are politically connected and lead to
over production of certain crops. This results in a high propor-
tion of farmers growing the same crop, regardless of local
environmental conditions (e.g., soils, water availability, cli-
mate), which drives prices down and limits profits. Weber
et al. (2015) argued that the current subsidy structure nega-
tively affects huge sections of rural communities as these sub-
sidies provide little benefit to anyone other than the direct
benefits to the farmers. Similarly, Reimer and Weerasooriya
(2019) found that the Farm Bill has an overall positive effect
on agricultural prices, but the entire effect is due to the nutri-
tion component (i.e., Supplemental Nutrition Assistance
Program; SNAP) as farm subsidies actually depress agricul-
tural prices and have an overall net negative impact on U.S.
economic output. Furthermore, crop insurance specifically,
but also subsidized water and other government subsidies,
can lead to irrational but profitable decisions at the farm level
that significantly affect water use (Deryugina and Konar
2017) by eliminating or significantly reducing the risk of poor
financial decisions and increasing risks taken by producers

Low

High

Farm subsidies

Water availability

Agricultural globaliza�on

Historic
flexibility

Current
flexibility

Time

Fig. 3 Conceptual diagram illustrating how the globalization of
agriculture and changes in water availability and farm policy combined
have constrained flexibility to achieve food and water security, ecosystem
services, and farm profits. Solutions will require diverse groups and

disciplines working across multiple spatial scales to address local
socioeconomic and hydrologic conditions to restore flexibility and
ensure a sustainable water future
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(Goodwin and Smith 2013). The crop insurance program has
grown exponentially since the 1990s as government subsidy
of crop insurance premiums has increased from 26% in 1990
to about 60% today (Goodwin and Smith 2013).

Under the current agroeconomic system, small, isolated rural
communities, often with little economic diversification, are vul-
nerable to collapse and their economic revival may require pol-
icies other than the Farm Bill (Blank 2008). Crabtree (2016)
argued that while the decline of rural America is generally
overstated, the Farm Bill through its crop insurance program
has facilitated the decline of rural communities by providing
financial advantages to large producers and facilitating farm con-
solidation, an argument also echoed by Bruckner (2016). The
roles of globalization and Farm Bill policies on farm consolida-
tion trends are difficult to separate, but both the positive and
negative impacts of federal farm programs on rural economies
are worthy of further investigation.

A holistic policy approach that directly considers water
conservation at multiple spatial scales as a primary outcome
may help secure long-term food and water security. A com-
prehensive assessment of how current farm policy and federal
programs related to farm policy affect water use would be
highly beneficial (Congressional Budget Office 2006).
Several programs directly or indirectly, either purposely or
inadvertently, incentivize non-sustainable water use (Mount
et al. 2016) including water-use efficiency improvements
(Batchelor et al. 2014). Current farm policy also has numerous
hidden costs that are substantial, including the maintenance of
water infrastructure (Wahl 1989; Holland and Moore 2003;
Gardner 1997), mitigation of pervasive nutrient (e.g., nitro-
gen) and pesticide pollution (Moore et al. 2011; Goulson
2013; Hansen et al. 2019), and healthcare costs associated
with pollution impacts (Stayner et al. 2017; Temken et al.
2019). These costs (i.e., negative externalities) often are the
assumed responsibility of taxpayers, but rarely mentioned in
farm policy literature. Thus, the retail cost of food in the U.S.
is not representative of the total costs of production.

Most farm policies to date have focused on farm production
income but as noted above, increased production only results in
incremental returns. Further, farming contributes only a small
percentage to the gross domestic product (GDP) of most states
(University of Arkansas Research and Extension, Economic
Impact of Agriculture available at: https://economic-impact-of-
ag.uark.edu/arkansas/ accessed 09/08/2020), even though it
accounts for 68–97% of consumptive water use in western
states (Mount et al. 2016; Richter et al. 2020a) (Fig. 4).
Obviously, the direct contribution of agriculture to state-level
GDP is not a full measure of the value of agriculture to the
country. Clearly, however, some of the associated policies tend
to facilitate increased agricultural water use but only marginally
improve the economic status of small farms and can harm rural
communities (Crabtree 2016). Identifying and correcting these
issues will be critical to improving water conservation at

meaningful scales (e.g., watershed, aquifer) necessary to ensure
the collective sustainability of agriculture, natural resources, and
communities.

The federal government does not control water rights, but it
does affect water use directly and indirectly through a variety
of federal policies and incentives. Currently, farm bill pro-
grams designed to stabilize or improve farm income largely
focus on field-scale practices and conservation programs often
focus on biotic components (e.g., grassland and forest plant-
ings) that increase field-scale water savings. However, achiev-
ing sustainable water use for all sectors of society will require
developing policies that positively influence the effects of
farm practices on broader hydrologic processes, including
temporal and spatial availability and sustainability of ground-
water and surface water resources at multiple scales.
Therefore, development of watershed or aquifer water bud-
gets, in addition to field-scale analysis of water use, will be
foundational to water conservation approaches (Kendy et al.
2018). A multi-scale evaluation of water budgets could be
used to assess potential impacts of all farm policies on the
sustainable yield of water and improve existing water use
efficiency programs. For example, as noted before, improved
efficiency at the field scale often does not result in water
savings but actually leads to greater water use as farmers often
increase acreage or switch to more water intensive crops
(Ward and Pulido-Velazquez 2008; Batchelor et al. 2014;
Pfeiffer and Lin 2014). Reducing the development of water
infrastructure that enables planting of more water-intensive
crops in regions (east or west) where available water currently
is, or is projected to be, over allocated could benefit water
resources. Similarly, the return to aquifer or river systems of
water savings from efficiency improvements could help solid-
ify water conservation gains (Kendy et al. 2018).
Interestingly, while this idea has proven effective (Kendy
et al. 2018), it would require state governments to adjust water
rights and enforce new allocations following efficiency im-
provements. With such a strategy, coordination among state
and federal entities would be required when federal programs
are the source of funds used to implement such improvements,
as states regulate water rights. This multi-scale understanding
of howmuchwater is used and available locally and at broader
scales is also necessary to facilitate improved water law
(Perramond 2020).

Ultimately, a reduction in water demand, rather than just
improved efficiency, is needed to address water shortages.
Because water requirements vary dramatically by crop type,
the choice of crop planted is one potentially fruitful avenue to
explore in reducing water use. Corn, hay (including but not
limited to alfalfa), soybeans, cotton, rice and wheat dominate
water use of crops in the U.S. (Marston et al. 2018), but locally
pecans, almonds, alfalfa, or other crops can dominate local
and regional water consumption, which emphasizes the need
to develop local solutions to water shortages. For example,
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annual water requirements of perennial nut crops can put more
stress on water resources than annual crops (Mall and Herman
2019) and limit drought management options (Johnson and
Cody 2015; Mall and Herman 2019). As noted by Richter
et al. (2020a), alfalfa accounts for a disproportionate amount
of water use in the west and a reduction in this crop can be a
key component of water savings strategies. For example, in
the Walker River Basin in Nevada, in-stream flows have im-
proved while preserving local economies following a targeted
transition of irrigated hay to vegetable crops (Kendy et al.
2018). A greater understanding of the economic incentives
created by federal subsidies for the planting of water-
intensive crops could also be beneficial in policy refinement.
For example, access to subsidized and/or below cost water
and/or crop insurance (available after nut bearing age) can
reduce the risk of planting perennial nut crops and, in general,
crop insurance has contributed to the expanded acreage of
more water intensive crops, including some in water-starved
regions (Lustgarten and Sadasivam 2015; Smidt et al. 2019).

Water costs, often an important component of farm input
costs, vary locally and regionally based on the source and
infrastructure required to secure adequate amounts to produce
products. Government subsidies can greatly alter direct water
costs to farmers, but subsidies also can distort water use in-
centives and provide significant economic advantages to spe-
cific regions and economic sectors (Wahl 1989; Holland and
Moore 2003). However, we are unaware of studies that quan-
tify water costs and the role of subsidies in affecting those
costs across the United States. Similarly, the actual economic

value of water is difficult to determine because of the paucity
of water markets (D’odorico et al. 2020), although water mar-
kets can facilitate water rights trade (i.e., water markets)
among users and can be beneficial for conservation efforts
(Kendy et al. 2018; Richter et al. 2020b). Richter et al.
(2020b) and Szeptycki et al. (2015) provide excellent synthe-
ses of the financial costs and administrative and legal chal-
lenges of purchasing environmental flow rights. Some prog-
ress in securing environmental flows has been made (Kendy
et al. 2018), and the ability to lease or purchase water rights
can improve water use and provide important environmental
benefits (Richter et al. 2020b). Conservation may have a dif-
ficult time, however, competing in water markets as long as
non-market economic incentives distort the true market value
of agriculture.

Amore concerted effort to implement farm bill programs in
targeted locations also may contribute to substantially in-
creased water savings at meaningful scales. Programs that
only seek to improve water-use efficiency are likely too sim-
plistic to meet both water sustainability and wetland/wildlife
conservation goals and can lead to greater water use. Rather,
approaches necessary to meet sustainable water use goals and
simultaneously protect natural wetlands and wetland-
dependent wildlife likely will require consideration of numer-
ous water conservation strategies (e.g., alternative crop types,
fallowing, improved water-use efficiency) across multiple
spatial scales. Currently, government payments on average
comprise 20–46% of farm-related income on farms 4–
404 ha in size and 311% of farm related income on farms
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0.4 to 3.6 ha in size (U.S. Department of Agriculture National
Agricultural Statistics Service 2019). Although large farms (>
404 ha) tend to be the most profitable, more than 15% of farm
income is derived from government payments, > 75% of these
farms receive government subsidies (U.S. Department of
Agriculture National Agricultural Statistical Service 2019)
and these farms control proportionally more irrigated area
and presumably use the most water. Therefore, intentionally
involving owners of large farms in the delivery of conserva-
tion programs may represent the most efficient return of gov-
ernment funds on water savings, although smaller farms may
be important users of water in certain watersheds/aquifers.
Currently, however, more profitable farms and those with
any irrigated land show relatively little interest in conservation
programs. It is plausible that the ability to irrigate results in
conversion of many marginal farmlands into productive farm-
lands with greater economic benefit than that provided by
existing conservation programs, particularly when combined
with the crop insurance safety net.

Although relatively few farms with irrigated acreage receive
conservation payments, due to large-scale conversion of wet-
lands to agriculture in the west, wetlands created or maintained
by inefficient use (e.g., flood irrigation) of agricultural water
resources are now the most available wetland type for
wetland-dependent wildlife (Donnelly et al. 2020). Increased
return flows from inefficient flood irrigation also have help
sustain aquatic systems in many areas and provide irrigation
water for downstream users. Wetland habitat provided by irri-
gation accounts for 61% of wetlands in snowmelt watersheds in
the western U.S. (Donnelly et al. 2020). This indicates a strong
connection between irrigated agriculture and wetland availabil-
ity, but the same study also indicated that there has been a 47%
reduction in wetlands in these watersheds and only 6% of land
in these watersheds provides wetland benefits.

Temporal patterns of wetland availability in the west often
follows regional irrigation schedules driven by requirements
of shared crop types, leading to the elimination or reduction of
some wetland types and associated resources (Donnelly et al.
2020) thus reducing system resiliency and functional diversi-
ty. In the east, reduced flooding associated largely with flood
control, but also with drainage and irrigation practices to ben-
efit agriculture (Clark et al. 2011; Konikow 2013), are altering
tree species composition in southern forested wetlands (King
and Keim 2019) and the temporal availability of the habitat
resources provided in these systems (Heitmeyer 2006). While
agricultural and managed wetlands are heavily used by migra-
tory birds across the country and they are an important con-
tributor to conservation of wetland wildlife they do not fully
replace all the system functions or habitat values of historic
wetlands and an over representation of agricultural wetlands
reduces system variability and the availability of resources.
For example, saline lakes throughout the west provide critical
stopover and molting habitat for a diverse assemblage of

waterbirds (Jehl 1994; Senner et al. 2018), but the structure
and function of these habitats differ dramatically from agricul-
tural wetlands and agricultural water use threatens their future
viability. Similarly, large-scale agriculture and urban develop-
ment drove the loss of vernal pools in California (AECOM
2009) and moist-soil management and flooded agricultural
fields fail to replace the values of these pools (King 1998).
While many agricultural landscapes may meet the bioenerget-
ic needs of waterfowl, this is a narrow view of wetland land-
scapes as other critical habitat needs of waterfowl (e.g., ther-
mal cover, refuge, nutrition) and the habitat needs of other
wetland-dependent species may not be met in the same land-
scape. Similarly, intensive agricultural landscapes often dis-
rupt natural hydrologic cycles (Richter et al. 2020a) and as-
similation of sediments (Kleiss 1996; Bowen and Johnson
2019) and nutrients (Smith 2019), thereby affecting other eco-
system functions and services. Furthermore, an over reliance
on agricultural wetlands at the expense of protection and man-
agement of natural wetlands can exert significant negative
impacts on many wetland-dependent species, including those
that regularly use agricultural sites, to changes in agricultural
policy or technological developments, which can occur rapid-
ly and impact wetland density and function at large spatial
scales (e.g., Lark et al. 2015).

Farming andwildlife are compatible in certain situations, but
it is simply false that status quo farming is (a) necessary to meet
global food demands (Blank 2008) (b) is universally beneficial
to wetland and wildlife resources (Andrade et al. 2019, Rudel
2020) or (c) that all farmers are struggling to survive financially
(Blank 2008). There are obvious environmental and health is-
sues related to our current farming system as well as numerous
food production inefficiencies. As of 2013, ethanol production
uses about 40% of corn produced in the U.S., animal foods
about 36%, and exports account for most of the rest.
Although many animals fed corn eventually will become food,
the conversion efficiency for corn is only 3% to 40% (Foley
2013). In comparison, growing food exclusively for direct hu-
man consumption with the current mix of crops could increase
available food calories by as much as 70% and feed an addi-
tional 4 billion people (Cassidy et al. 2013). Current groundwa-
ter issues in the High Plains, California, Mississippi Alluvial
Valley and elsewhere are cause for concern. Irrigated lands are
less susceptible to production losses due to high temperatures
(Schauberger et al. 2017); thus, irrigation with groundwater
could be an adaptation strategy for future increases in drought
frequency and heat waves. However, due to widespread
groundwater depletion (Perrone and Jasechko 2017), this strat-
egy will not be a viable future alternative in many agricultural
regions. Warziniack and Brown (2019) estimated that in the
absence of groundwater mining more than 45.8 million people,
primarily in the Southwest, central Great Plains, and southern
California, would already be experiencing regular water
shortages and the number of people potentially experiencing
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these shortages will grow to 136.2 million people by 2060. In
the Central Valley of California, Pauloo et al. (2020) noted that
over 2000 domestic wells failed during the 2012–2016 drought
and two to four times that many wells would have failed if the
drought had extended another 2–4 years.

Thus, opportunities exist for the conservation community
to broaden collaborations with others to develop sustainable
water use policies and programs for the benefit of people and
wildlife, which must include transparent assessments of long-
term systemic impacts on water availability. Purported solu-
tions, such as groundwater mining, interbasin transfers and
building irrigation storage reservoirs in remaining wetlands
(e.g., Reba et al. 2017), have long-term irreversible conse-
quences for natural resource conservation and often only delay
the end of unsustainable water practices rather than solving
the problem. Alternatively, reduced consumptive water use
with no loss of economic activity is within reach for both the
agricultural and non-agricultural sectors (Marston et al. 2020).
A refined understanding of how federal policies influence
water use at national, regional and local scales and regional
water budgets for both surface and groundwater are needed to
fully understand macroeconomic farm and water policy ef-
fects on local hydrologic and socioeconomic conditions.
Subsidy structures and the lack of consumptive water use data
at the state scale challenge these efforts. Furthermore, in our
experience, discussion of changes in farm or water policy
creates angst among farmers and conservationists alike, be-
cause livelihoods of both are affected. However, the current
approach is not hydrologically sustainable, thereby affecting
the long-term, and in some cases, short-term (Scanlon et al.
2012), economic security of farming and the future of wetland
and water resources.

Conclusions

We do not purport to have the single solution to agriculture and
water conflicts, nor does one likely exist considering the variabil-
ity and complexity of water law and socioeconomics. However,
current water use patterns are not sustainable in thewestern and at
least parts of the eastern U.S. Existing conservation programs,
such as the Conservation Reserve Program and the Wetland
Reserve Program, help by removingmarginal lands fromproduc-
tion, but may be ineffective in affecting water conservation be-
cause these programs receive little participation from larger, more
profitable farms that have irrigation capabilities. Furthermore,
many water conservation strategies improve water use efficiency
but reduce water availability at the watershed scale.

Much of this article has focused on the Western U.S. but
groundwater declines and increased emphasis on irrigation are
also common in the east and impacts to groundwater, surface
water, and wetlands are emerging in eastern systems such as
the Mississippi River Alluvial Valley and the Flint River

Basin in Georgia (Clark et al. 2011; Rugel et al. 2012;
Konikow 2013; Caccese and Fowler 2015; King and Keim
2019). Water law constrains solutions within the current
subsidy-driven model, but federal incentives through farm
policy (including but not exclusive to the farm bill), develop-
ment and maintenance of water storage and delivery mecha-
nisms, and other federal programs provide the economic in-
centive underlying non-sustainable irrigation practices.
Therefore, we argue that the greatest opportunity to achieve
meaningful water conservationmay lie within strategic reform
of policy initiatives that distort agricultural economies and
encourage unsustainable water use. While potential impacts
to the agricultural community are unavoidable with changes in
federal programs, many agricultural producers are struggling
under the current model (42% are low income), impacts to
water resources are pervasive and, in many cases, irreversible
and irrigated agricultural production will be significantly
curtailed in many areas as water levels decline. Thus, changes
in agricultural practices are coming regardless of whether
modifications of federal interventions occur. However, insti-
tuting targeted change, rather than following status quo, pro-
vides a fleeting opportunity to minimize the collective impacts
to wetland and aquatic resources and local agricultural com-
munities. We urge conservationists to consider the full im-
pacts of Farm Bill Programs on wetland and aquatic resources
and not just limit their views to the values provided by affil-
iated conservation programs. Furthermore, we urge a compre-
hensive interdisciplinary review of federal policy impacts on
water, wetland, and aquatic resources to help guide policy
discussions.
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