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Abstract

This study considers how and why agricultural groundwater users would limit their

own water consumption. We find that voluntary governance arrangements are based

on a form of legitimacy that stems from informal social processes. Agricultural irriga-

tion reform in Nebraska, U.S. took place after decades of collaboration in informal

social settings; this background of decentralized rulemaking contributed to legitimiz-

ing extraction limits in times of water stress. The dimensions of social legitimacy are

assessed through triangulation of interview data, integrated management plans,

workshop facilitation, and recordings of legal proceedings related to the Natural

Resources Districts in the state of Nebraska. These districts initially placed voluntary

limits on extraction but evolved to sanction violators for over-consumption. Ground-

water rules are accepted because they are set by publicly elected boards, leaders

participate in a state-wide leadership training network, and the districts are granted

rule-making authority by the state. Our results show that voluntary self-limiting

behavior can form the basis for binding legal requirements. The legitimacy of poly-

centric governance stems from social acceptance, inclusive membership, a prior his-

tory of collaboration, and an understanding of rules. The rules themselves are

context-specific and self-made. We summarize these elements in an evaluation

framework to test whether and how authority in other polycentric groundwater gov-

ernance arrangements is justified and accepted.

K E YWORD S

groundwater, integrated water resources management, polycentric environmental governance,
social legitimacy

1 | INTRODUCTION

Groundwater is critical for food security. Most irrigation in North

America (59%) is with groundwater (UN, 2022). In the 20th century,

groundwater irrigation was associated with industrialization and eco-

nomic growth, because it reduced reliance on rainfall and seasonal

stream flows and increased crop yields (Rodella et al., 2023). Coun-

tries that exploited groundwater resources have grown richer: access

to energy required for pumping is seen as a pathway to economic

development (UN, 2022). At the same time, global groundwater

reserves are declining because they are withdrawn at a higher rate

than they are being replaced (Famiglietti, 2014). Groundwater con-

sumption has surpassed a “planetary boundary,” with more water

being withdrawn than is naturally replenished in 47% of the world's

land area (Richardson et al., 2023), unjustly affecting portions of

the population that have not been significant users of groundwater
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(Neal et al., 2016). This is troubling because, without groundwater,

future generations around the world will struggle to find drinking

water or grow food during droughts. In the agricultural sector, a prom-

ising path to protect groundwater is to involve irrigators directly in

setting rules about its use.

Theories of democratic environmental governance and self-rule

emphasize the benefits of local input, including a range of stake-

holders, and ways of negotiating disagreement about dwindling water

resources (Koebele & Crow, 2023). Groundwater governance is an

encompassing set of arrangements “that enable decisions to be made,

actions taken, and policies enforced” (Roberts et al., 2021, p. 42). It

includes “laws, regulations, and customs, as well as the processes of

engaging the public sector, the private sector and civil society”
(Megdal et al., 2017, p. 719). Multi-stakeholder, multi-level gover-

nance arrangements are needed to stop groundwater overextraction

because they build a basis for individuals to trust that rules will be col-

lectively followed (Ostrom, 1988; Ostrom, 2010). Unlike surface water

delivered from diversions or canal systems, made possible through

large publicly owned, state-operated projects, groundwater with-

drawal happens largely in the private sector, driven by individual

household or farm-level decisions (Shah, 2014). Groundwater extrac-

tion developed with minimal government oversight until crises

emerged such as in 2014 when California underwent extensive

reform of its groundwater governance as a result of extended

droughts (Roberts et al., 2021). California's Sustainable Groundwater

Management Act has been hailed as a milestone in rulemaking, but

less formal rules about groundwater use have longstanding histories

in the U.S. These groundwater governance arrangements included

measures to reduce demand and consumption, and thus avoid

disastrous declines in water availability that lead to conflict and

litigation (Megdal et al., 2017). Many of these informal rules about

groundwater use directly involved farmers and their irrigation choices

(Ostrom, 2011).

In the U.S., irrigation is shifting eastward (see Figure 1). Farm irri-

gation decreased in California from 8.8 to 7.8 million acres while

increasing from 7 to 8.6 million acres in Nebraska in the decade from

1997 to 20171 (USDA ERS, 2023).

Nebraska, like other states in the central portion of the U.S., is

becoming a more prominent user of groundwater. Eastward expansion

of groundwater withdrawal is due to conversion of rainfed to irrigated

cropland; over the High Plains Aquifer, irrigation of wheat, corn, and

soybeans is used as a risk reduction strategy against the impacts of cli-

mate change (Obembe et al., 2023). At the same time, the additional

stressors of heat and changes in rainfall could exacerbate groundwa-

ter decline, putting the High Plains Aquifer in peril. Thus, this expan-

sion of groundwater consumption could reduce Nebraska's future

drought resilience, making irrigation water less available during

extremely dry years.

More is known about where irrigation takes place, but less is

known about how it is governed. Regulations about groundwater

usage are uneven across the U.S. (Megdal et al., 2015), and it is diffi-

cult to implement rules because of the lack of information on con-

sumption rates (Kroepsch, 2024). The variation between states makes

it difficult to generalize what makes for “ideal” groundwater gover-

nance. Instead, there is a trend of place-based groundwater

governance, especially in areas where agriculture is threatened by

F IGURE 1 The amount of
irrigated agriculture in the U.S. is
increasing overall, while there is an
eastward expansion (Source:
U.S. Department of Agriculture
Economic Research Service, 2023).

1https://www.ers.usda.gov/topics/farm-practices-management/irrigation-water-use/.
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drought such as Arizona, Colorado, California, or in states over the

High Plains Aquifer of the United States (Blomquist et al., 2010;

Burbach et al., 2022; Sixt, McCarthy, et al., 2019; Skurray, 2015;

Wiechman et al., 2023).

1.1 | Legitimacy is a key feature of polycentric
water governance

Groundwater governance in the U.S. is fragmented, and the authority

is shared between states and local agencies (Megdal et al., 2015). This

mix of public and private rulemaking across scales is understood as

“polycentricity,” in reference to the multiple centers of authority

(Ostrom, 1988). Polycentric governance, through its combination of

self-made rules and the authority of elections and taxation held by

the government, could be key to preventing the collapse of freshwa-

ter supplies (Schipanski et al., 2023). Polycentric governance provides

a buffer against resource degradation through the installation of rules

across scales (Bennett & Satterfield, 2018) especially in places

affected by long-term aridity or short-term drought (Petersen-Perlman

et al., 2022). It is thought to reduce conflict by increasing negotiation

in places like Colorado, USA where water decisions can be highly con-

tentious (Koebele & Crow, 2023). So, beyond highlighting the

nuanced nature of fragmented authority, polycentric water gover-

nance research considers the quality of interactions, the modes of

sharing information and making decisions, and ways to mediate dis-

agreements (Neef, 2009).

Participatory processes potentially reduce conflicts because

water users are involved in designing programs and policies. Yet,

without background mechanisms for enforcement, which may come

from centralized top-down agencies, local control can fall apart

(e.g., Gibson et al., 2005). If voluntary, citizen-led arrangements are

to be effective, they need to build a credible reputation and be

viewed by water users as a legitimate mode of governance. Legiti-

macy, in a nutshell, means that authority is justified and accepted

(Bernstein, 2011). This authority can come from government, society,

or a combination of public and private actors (Bernstein, 2011). Legit-

imacy can be granted by participants when appropriate avenues for

deliberation are provided, and local community members have access

rights and can also influence rules about water use (e.g., Kuzdas et al.

2015 for Costa Rica).

Polycentric systems of governance rely on a blend of public and

private authority to enforce their rules. This authority is not based

solely on the state or its implementation of the law. It is granted from

the state (traditionally a top-down authority) to societal actors who

have a bottom-up social awareness of acceptable behavior. This con-

stellation of authority does not rely solely on the state, or any other

single actor for that matter, to make and enforce rules (Carlisle &

Gruby, 2017). Polycentric authority is drawn from self-monitoring and

collective oversight through multiple institutions simultaneously. It

draws upon a threshold of social acceptance, or norms, that prompt

group members to consider their actions in relation to others'

(Grannovetter in Sikkink, 2024).

1.2 | Polycentric groundwater governance in the
U.S.: A system of self-rule

Polycentric water governance has been purported to be more adap-

tive to water-related crises (Pahl-Wostl & Knieper, 2023). Reed et al.

(2018) suggest that this is because environmental management is

improved when decision-making authority is shared with the actors

who are responsible for implementation. Polycentric water gover-

nance arrangements are more capable of adapting to climate change

than fragmented or centralized regimes which are comparatively less

flexible (Pahl-Wostl & Knieper, 2014). There are connections between

climate change and more rapid onset of droughts (Pendergrass

et al., 2020), increased anthropogenic demand for water (van Loon

et al., 2016), and worsening drought impacts (Wilhite, 2016). As a

result, uncertainty in water availability and climatic pressures related

to drought can strain groundwater governance institutions because

difficult choices need to be made when not all water users' needs can

be met (Petersen-Perlman et al., 2022). These prioritizations are set at

the state level through water rights appropriation systems. The

U.S. does not have a national drought plan, instead addressing water

allocation at the state and local levels. There is wide variation in how

states plan for drought, with some focusing more on the science of

hydrological monitoring and others setting policy guidelines for water

conservation (Jedd and Smith, 2023). The feedback effects of increas-

ing temperatures and droughts pose novel challenges including

increased demand for groundwater and simultaneous degrading water

quality (Petersen-Perlman et al., 2022). Therefore, it is important to

ask whether and how polycentric water governance arrangements can

hold up to stress.

Polycentric environmental governance is suited to address chang-

ing conditions because its redundancy ensures that rules and institu-

tions do not fail during crises (Bennett & Satterfield, 2018). An

understanding of how agricultural producers could collectively reduce

their consumption would be a leverage point in addressing groundwa-

ter overdrafts (Martínez-Valderrama et al., 2023). Elinor Ostrom

(2011) suggested that self-governing systems comprised of local users

can reduce the strain on water resources from intensified agricultural

production.

1.3 | Research question: Can self-rule be self-
restricting?

Polycentric governance has a mix of public and private authority

which can include flexible and competitively allocated funding from

tax revenue (Ostrom, 1988). This multi-dimensional basis for authority

can lend the social legitimacy needed to make rules about groundwa-

ter extraction (Pahl-Wostl & Knieper, 2014). We focus on how poly-

centric groundwater governance is legitimated. In other words, we

wanted to know why it is accepted. In Nebraska, an agricultural state

with a relatively high dependence on irrigation, why would agricultural

producers (farmers) set limits on their water use? The taxpayer-

funded Nebraska Natural Resources Districts (NRDs) have an

JEDD ET AL. 189



Integrated Management Planning process (NDNR, 2016) which pro-

vides a testing ground because of its emphasis on stakeholder involve-

ment. Given the growing dependence of industrialized agriculture on

groundwater irrigation, answers to this question could help reduce

groundwater depletion in other places.

We begin from the polycentric water governance literature and

hone our focus on groundwater with a deeper consideration of the

social dimensions that make polycentric governance tick. This study

assesses the dimensions of social legitimacy found in collaborative

voluntary governance arrangements in Nebraska, U.S., which has a

history of local, collaborative water management (Bleed &

Babbitt, 2015; Jedd et al., 2022; Sixt, Klerkx, et al., 2019). This study

contributes to the call within environmental governance research to

better understand the spread of voluntary practices (e.g., a ‘norm cas-

cade’ in Sikkink, 2024), elaborating on the framework conditions that

enable self-governance.

2 | METHODS

We use a ‘critical case’ approach centered on the processes within

the bounds of a single system that has broader significance

(Flyvbjerg, 2017; George & Bennett, 2005); Nebraska's agriculture is

reliant on groundwater to the extent that allows for logical deductions

about other polycentric governance systems for irrigated agriculture.

The study was conducted by an interdisciplinary team of researchers

in social sciences and natural resource law and management working

across disciplinary divides with diverse data sources (similar to

Burbach et al., 2022 or Megdal et al., 2017). Data sources include

Integrated Management Plan documents, semi-structured interviews,

workshop facilitation experience in Nebraska's Natural Resources Dis-

tricts, and recordings of legal proceedings from the Nebraska Supreme

Court. We used the range of data to triangulate the features of this

governance system. Triangulation, or the use of more than one

method of collecting and analyzing data, is often necessary in studying

complex, interdisciplinary topics in environmental governance (O'Neill

et al., 2013). The court cases and Integrated Management Plans were

helpful in establishing the ability to set limits on groundwater extrac-

tion and to sanction overconsumption, and the interviews as to why

and how these rules are socially accepted. In all phases of the analysis,

we focus on generating thick description that includes actors' percep-

tions and understandings (Geertz, 1973).

Qualitative studies are capable of generating causal claims about

a phenomenon when they pay attention to the “relevant facts” (King

et al., 2021) or observations that have a demonstrated connection to

the outcome of interest. Throughout the analysis we ground our

claims, or present the direct evidence that was used to make

our assessment (Knott et al., 2022). The interview quotations pre-

sented in Section 4 demonstrate how the data fit into the features of

our framework. This is in alignment with Gerring (2012) who shows

that qualitative research–when it progresses from generalizing, to rec-

ognizing multiple dimensions, to grouping and categorizing–is capable

of synthesizing information in a way that makes it possible to build a

framework that shows how phenomena are organized.

Interview data were collected in 34 semi-structured, in-person

interviews with 35 decision-makers directly involved in running, over-

seeing (Nebraska Department of Natural Resources and the Depart-

ment of Environmental Quality), or supporting (University of

Nebraska, Lincoln, the Nebraska Association of Resource Districts)

five of Nebraska's NRDs in June 2017 (Table 1, note that one of the

interviews was with two decision-makers). Representatives from

the following NRDs were interviewed: Central Platte, Lewis and Clark,

Little Blue, Lower Niobrara, and Elkhorn. The interview identities are

protected with assigned numbers between 100 and 134.

The interview protocol was designed to address water quality and

water quantity governance, but in this study, we focus solely on the

results that pertain to water quantity.2 The interviews were transcribed

verbatim. Using open and axial coding, two of the authors devised a

schematic to capture the major themes. We created deductive a priori

codes from Ostrom's notion of polycentricity, which is congruent with

March and Olsen's (1996) “logic of appropriateness” and assumes that

social behavior is more than the sum of individuals acting in economi-

cally rational terms. The primary codes derived from the literature were:

social legitimacy, inclusionary membership, connection to board mem-

bers, history of collaboration, rewards, self-made rules, and understand-

ing of rules. From these, the data were coded secondarily using these

emergent themes as codes. They form the basis for the components of

the social legitimacy framework (provided in the results, Table 2).

The Integrated Management Plan documents, and legal proceed-

ings on the implementation of the integrated management plans, were

used to check the validity of the results. Additionally, two of the

authors have professional experience with NRDs through facilitating

leadership workshops and conducting legal scholarship, and one

author is an elected member of an NRD board of directors. Several

Nebraska Supreme Court cases were reviewed that arose due to con-

flict between surface water and groundwater users. The cases

TABLE 1 Number of interviewees based on their affiliation.

Number of

interviews Type of organization and position

13 Natural Resource District (NRD) managers, staff,

and board members

2 Nebraska Association of Resource Districts (NARD)

5 Nebraska Department of Environmental Quality

(DEQ)

1 Nebraska Department of Natural Resources

1 Groundwater Foundation (nonprofit organization)

5 University of Nebraska—Lincoln water experts,

researchers, and extension agents

1 City of Hastings Utilities

4 Agricultural producers

Note: Some interviewees had more than one (but no more than two)

affiliations. In these instances, both affiliations were listed. In total, 35

individuals were interviewed, in 34 interviews (one interview was with

two individuals).

2The analysis of the water quality governance results can be found in Sixt et al. (2019a).
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reviewed were Hill v. State (296 Neb. 10, 2017) and Spear T. Ranch

v. Knaub (271 Neb. 578, 2006). When examining these sources, we

looked for evidence about how access is granted to water.

We wanted to know if there were differences between surface water

rights holders and groundwater access. We also wanted to know who

was included in the governing boards. Were decisions made in a

majority or a consensus model? We expected to see that there is

a way to address associated problems with surface water depletions,

given the conflicts between surface water and groundwater users dur-

ing the 2012 drought.

3 | GROUNDWATER GOVERNANCE IN
NEBRASKA

Groundwater is an important component of Nebraska's economy, and

agriculture is the highest consuming sector (U.S.G.S., 2021a).

Nebraska has the most irrigated cropland and pasture in the

United States (U.S) (Bleed & Babbitt, 2015). Slightly more than

9 million acres of farmland—about 32% of the state's land—are irri-

gated, mostly from groundwater (Nebraska Association of Resources

Districts, 2021; U.S. Department of Agriculture, 2019). Irrigation is a

major dimension of agriculture in Nebraska and has led to increased

yields and an increase in property value (Ulrich, 2018).

As a result of agricultural demand, groundwater from the High

Plains (Ogallala) aquifer is being withdrawn faster than it is being

recharged (Figure 2).3 In Nebraska, a large portion of the loss (almost

half) was in the Republican River Basin from 2000 to 2009, which it

shares with Colorado and Kansas. These losses are due to irrigation

withdrawal used to replace decreased rainfall and to compensate for

TABLE 2 Framework conditions for legitimacy in polycentric groundwater governance.

Core elements General components

Main codes Description of supporting features

Social acceptance The informal, voluntary, community-oriented practices driven by a sense of obligation to others, including:

pressure from peers

Influence/wanting to preserve reputation; learning by observing others; and the desire to comply with local

norms and customs

Cooperative personalities, participants who get along with each other, common values, shared culture

Involvement of elders, desire to seek their approval

Locally elected voluntary board creates rules, but paid staff implements programs

The absence of laws and/or regulations from the state is viewed as a reason for local rule making

Inclusionary membership Board membership is open to anyone in the district: all willing stakeholders are invited to participate

Minimal, or no, separating line between those within the governing process and those outside of it

Individuals who would be impacted by new rules are identified and invited to participate in public meetings

Prior history of collaboration Participants have already collaboratively governed other issues

Longevity in natural resource management positions

Having faced past droughts together

Long-term processes that are seen as stable

Context-specific rules with economic

incentive

Avoiding top-down mandates and regulation

Using specific rules that are based on particularized local challenges

Best management practices (BMPs) are economically feasible

Collective cooperation as a demonstration to “outsiders” that water users can identify and share common

burdens

Stricter rules ramp up when problems exist (e.g. nitrate levels are too high)

Self-made rules Adaptive management, or flexible rule-making

The standards are seen as achievable because they are chosen by the residents of a local area

Board of directors are producers themselves

Balancing a preference for local rulemaking with the directive to have an Integrated Management Plan

Publicly elected board members are part of their communities and regularly interact with water users

Agricultural business representatives participate and are viewed as credible sources of information

Cost-sharing for equipment, for example, gravity to pivot conversion

Understanding and acceptance of rules Awareness of the scientific principles behind management practices

BMPs become “self-evident” and convincing for action

Technically transparent basis for rulemaking

No yield benefit from applying excess fertilizer or excess irrigation water

Realization that groundwater is drinking water

Rules are connected to monitoring

Groundwater withdrawal rules change in drought years

Stricter rules ramp up when problems exist (e.g. when nitrate levels are too high)

Staff are employed for extension services

3https://www.climate.gov/news-features/featured-images/national-climate-assessment-

great-plains%E2%80%99-ogallala-aquifer-drying-out Retrieved 3 April 2023.
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increased surface water evaporation (Peterson et al., 2020;

U.S. Geological Survey, 2021b).

Withdrawal has led to higher levels of groundwater depletion in the

western and southern portions of the state, in parts of the state that

either tend to be more settled (the Interstate-80 corridor) or receive less

rain. The yearly statewide average rainfall is between 13.36 inches in

2012 and 35.50 inches in 1915 (Frankson et al., 2017). The eastern por-

tion of the state tends to be wetter: it receives about twice as much rain

(35 inches) as the western part (15 inches) (Shulski, 2018). Droughts pla-

gued the state from February 2002 to September 2008 and again at a

peak in the first week of October 2012 with more than 77% of the state

in severe drought (National Drought Mitigation Center, 2021). Without

groundwater irrigation, the state's agriculture-heavy economy would

suffer more than it already does during droughts (Jedd et al., 2022).

Despite its reliance on groundwater, Nebraska, in comparison to the

other states of the High Plains Aquifer, has experienced less aquifer

decline (Sixt, McCarthy, et al., 2019; see also Figure 2).

3.1 | Integrated surface water and groundwater
governance

In Nebraska, groundwater and surface water are managed in a some-

what coordinated model, which offers needed flexibility given the

growing demand for irrigation coupled with cyclical changes in water

availability. The NRDs use an integrated management planning pro-

cess to coordinate the use of surface water, which is managed by the

state, and groundwater, which is managed by NRDs (Peck, 2007). The

integrated planning process has resulted in stricter controls for

groundwater users, due to conflicts between surface water and

groundwater irrigators that were intensified by drought stress. This

process was initially required for over-appropriated basins but is now

implemented in all NRDs voluntarily (Reed & Abdel-Monem, 2015).

Figure 3 shows the status of planning, with required planning in areas

that roughly correspond to areas with groundwater decline shown in

Figure 2.

F IGURE 2 Extent of the High Plains
Aquifer and water-level change from pre-
extraction to 2015 (National Climate
Assessment NCA4, 2019).
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The localized model, which works in tandem with state and fed-

eral planning and legal mechanisms, is designed to reduce the strain

on individual farmers during droughts by collectively setting rules for

water use. Like other polycentric forms of governance, it involves

public and private stakeholders across levels. Nebraska places respon-

sibility for governing groundwater with the NRDs. They are the “pre-
ferred regulators of activities which may contribute to groundwater

depletion” (Neb. Rev. Stat. § 46–702 in Nebraska Association of Nat-

ural Resources Districts, 2021). NRDs are public-private quasi-

governmental entities with an elected Board of Directors. NRDs earn

revenue from property and occupation taxes based on irrigation sta-

tus. While the publicly elected Boards of Directors govern the dis-

trict's operations, NRD tasks are carried out by professional staff,

including a General Manager who has general administrative over-

sight. The directors, management, staff, and members of the public

make decisions about water allocation (Nebraska Association of Natu-

ral Resources Districts, 2019).

Some NRDs have more extensive water planning than others.

The priorities and approaches to management vary by location. Addi-

tionally, the history of cooperation varies between NRDs. The NRD

groundwater governance activities are an overlay on the common-law

right to withdraw water from beneath one's property. These so-called

correlative rights were automatically conferred with property, regard-

less of how much groundwater was available. This was relatively

uncontentious at the beginning. As scarcity problems emerged,

though, NRDs were given statutory authority to regulate withdrawals.

As depletion of groundwater began to affect limited surface waters in

a multiyear drought in the early 2000s, the NRDs became involved

with the state in integrated surface-groundwater governance (State of

Nebraska Department of Natural Resources, 2004).

When water users receive (and trust) weather and climate moni-

toring information, they can adjust their irrigation practices based on

a shared understanding of how much atmospheric water is available—

for example, rainfall (te Wierik et al., 2020). Monitoring withdrawal

amounts can also inform a network of irrigators of the challenges they

may collectively face during the growing season. This information can

be provided, for example, with data from well flow meters (North

Platte Natural Resources District, 2016). Including climate researchers

(who have rainfall data) and extension officers (who can oversee

water consumption in the field) in the NRD rulemaking process con-

tributes to “input legitimacy,” which Juerges et al. (2018) define as

including multiple types of actors in the rule-making process.

The NRDs make mid-level rules that sit between federal statutes

and local-level ordinances. They use collaborative procedures to make

rules about groundwater extraction, among rule-making in other areas

such as groundwater quality. The boundaries for these local govern-

ments were drawn from a combination of watersheds and county-line

administrative units. As monitoring technology and capacity have

improved, so has rule enforcement. There are directives that include

enforceable sanctioning for violations of extraction limits. These sanc-

tions and penalties include mandatory education, cease-and-desist

orders, revoking irrigation permits, revoking permission for

F IGURE 3 Natural Resources Districts with integrated management plans as of May 18, 2022. Source: Nebraska Department of Natural
Resources. Reprinted with permission.
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groundwater transfers, monetary fines, and eventually a civil misde-

meanor for non-compliance [compiled from document review of

Upper Republican Order No. 34 Adopting Groundwater Controls

(2018), Upper Big Blue NRD Groundwater Management Rules and

Regulations (2020), Lower Platte South NRD Groundwater Manage-

ment Rules and Regulations (2020), and North Platte NRD Rules &

Regulations for Enforcement of the Nebraska Ground Water Manage-

ment and Protection Act and the Nebraska Chemigation Act of

2019)]. Well-head meters that are connected to a monitoring network

give the NRD Boards information about when to enforce extraction

limits.

4 | RESULTS: GROUNDWATER
GOVERNANCE FRAMEWORK CONDITIONS

There is an adage in water governance that you cannot manage what

you do not measure (World Meteorological Organization, 2024),

which means that information about water availability is required for

making rules about water use. We expand upon this adage to say that

you cannot implement rules that are not socially accepted. All interview

participants, to some extent, named elements of social acceptance as

a feature of the way that groundwater is governed. There is a sense

of obligation to protect water availability for others and for the future.

We argue that these dimensions of social acceptance are why the

NRDs can claim to legitimately govern groundwater. Our findings,

elaborated below, are in line with previous work showing the need for

multilevel interactions between states, water suppliers, and water

users, especially when state regulators hesitate to unilaterally enforce

water restrictions (Kirchhoff & Dilling, 2016). The layering of the abil-

ity to sanction overconsumption on top of voluntary compliance pro-

cedures is a fundamental feature of polycentric governance.

4.1 | Features of legitimacy in polycentric
groundwater governance

In this section, we identify the critical features for establishing the

legitimacy of polycentric groundwater governance (See Table 2).

The secondary codes contribute to our ability to answer the funda-

mental question of why farmers would voluntarily agree to reduce

their groundwater consumption, even during droughts. These features

of polycentric governance arrangements are likely interacting with

and influencing each other, but for the sake of analytical clarity, they

are presented in a condensed, linear fashion.

First, there must be an overall social acceptance stemming from a

sense of obligation to others and the community. As one interviewee

stated, “It is hard to look your neighbor in the eye and say ‘that's your
problem, not mine’ (120). This obligation arises because the agricul-

tural water users see themselves as embedded within the NRDs: they

are made up of neighbors, peers, competitors, and community mem-

bers. This social acceptance is the foundation of legitimacy, as it

involves peer influence, learning by observing others, and a desire to

comply with local norms and customs.

Second, membership needs to be open and inclusive, so that all

stakeholders can participate. In essence, this means that there is no

clear division between those who are outside the decision-making

process and those who are within it. We observed a dissolution of an

“us vs. them” distinction because the membership base of NRDs is

broad. As an interviewee stated, “I think you have got more people

involved so you get more people that are OK with it and less that are

… viewing themselves on the outside looking in” (112).
Third, we found it important that a prior history of collaboration

exists when participants have already collaboratively governed other

issues. There is longevity in natural resource management positions,

and the group has faced past challenges – such as drought – together.

The NRDs seek to employ staff who have been working in the region

for decades, with strong local ties: “When you go to work conferences

here, if you've been around for 20 years there is definitely some

respect” (122).
Fourth, the rules themselves are context-specific and pertain to

very specific areas where problems are located. Their solutions are

economically incentivizing, such as improved efficiency with new

types of irrigation equipment. Agricultural production was character-

ized by participants as a challenging endeavor in which profits can be

elusive, and “the profits are at the margins” (112). Therefore, the use

of farming practices that increase profits, even if they require cooper-

ation, send a signal to state and federal regulators that local water

users are capable of setting their own rules. In this setting, the costs

incurred are social rather than financial.

Fifth, that the rules are self-made is important in and of itself. This

dimension enhances voluntary compliance and increases a sense of

self-sufficiency. As one NRD operator put it: “I can't make anybody do

anything. But it is a good thing that I can't do that because my whole

program is based on getting people to do it on their own” (125).
Finally, there is a high level of understanding of the science or

rationale behind the rules. University extension services cooperate

with the supplier companies to provide information about inputs and

water usage, and there is a perception that “the science is getting bet-

ter” and participants trust that the requirements are effective (for

example, that restrictions can reduce the damages to groundwater

supplies caused by multi-year droughts). Table 2 contains the key ele-

ments we identified in these six dimensions. Detailed notations of

each of these framework conditions can be found in Supplementary

Material S1, which lists illustrative quotations and summary state-

ments from interviewees.

The results of this research are organized in a way that is consis-

tent with existing frameworks for water and natural resources man-

agement (e.g., Eaton et al., 2021; Kliskey et al., 2021). Additionally,

these results bring in the history of collaboration and the motivation

(sometimes as strong as an economic incentive) to avoid top-down

regulation from the state. Studies of polycentric water governance

generally portray this separated, overlapping, and socially constructed

form of authority in a positive light. These arrangements tend to result

in more adaptive governance (Pahl-Wostl & Knieper, 2023), reduced

water consumption in order to meet downstream users' needs

(Baldwin et al., 2018), and novel collaboration or information-sharing

(Baltutis & Moore, 2019).
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4.2 | Scalar and procedural pressures on legitimacy

We note two categories of challenges and the first is scalar. The scale

of the governance unit matters; ideally participation should match the

scale of the problem (Moss & Newig, 2010). There is interplay

between scales, and some problems can emerge from changing the

boundaries of a governance program. The higher the scale, the lower

the level of possibilities for participation (input legitimacy), which can

in turn threaten the output legitimacy (the ability to effectively tackle

problems, or simply the rules' effectiveness). In Nebraska, this mis-

match can occur within and between the NRDs, the state, the state-

defined Basins, Public Power and Irrigation Districts, and management

units within the NRDs, among others. It could also occur across state

borders, which is particularly notable with Kansas. An overdraft of

groundwater can affect neighboring units. If this happens, then one's

own reduction in consumption will do little to alleviate the overdraft

unless all surrounding water users also reduce their consumption. One

way of dealing with the free-rider problem is to rely upon higher rules,

yet this is easier said than done.

In basin-wide water governance, top-down initiatives have been

criticized for ignoring situational factors and relying on command-

and-control rulemaking (e.g. Skurray, 2015 for Australia) and for being

less flexible when rapid action is needed, such as during droughts

(Western Governor's Association, 2018). Top-down, centralized gov-

ernance might work in some issue areas with shared problem defini-

tions such as air quality or education (Thiel, 2023) but groundwater is

unique and eludes an overarching, national set of rules (Megdal

et al., 2015), let alone statewide rules. For example, Nebraska farmers

who are relatively less reliant on groundwater irrigation in the eastern

part of the state have expressed hesitation to adopt allocation rules

because they perceive overdraft to be a problem that happens in the

western parts of the state that receive less rainfall (Schutz, 2015).

The second type of challenge is procedural, and it is found in

other polycentric environmental governance processes, such as inter-

national climate negotiations. For example, not all NGO groups feel

that full inclusion is happening (e.g. overrepresentation of some

groups such as business and industry and underrepresentation of

other groups, including indigenous peoples, women, and people of

non-binary gender identities). In these instances, procedural legitimacy

is lacking. It is therefore problematic the way that input is taken on

board from various groups, or there are no mechanisms to hear differ-

ent ideas about how to solve a problem (Bäckstrand et al., 2021).

Organizations and institutions that do not engage relevant stake-

holders and fully understand the power imbalances between them will

likely fail to properly incorporate their input (Lukasiewicz &

Baldwin, 2017; Morrison et al., 2019).

Integrated planning brings new set of stakeholders in, namely sur-

face water users. The relationship between surface water irrigation

districts and the state, or surface water users and groundwater users

can become contentious, when groundwater pumping during

droughts affects surface water flows (e.g. Spear T. Ranch v. Knaub,

271 Neb. 578, 2006). These tensions create the justification for inte-

grated planning. We observed procedural challenges in the state's

Supreme Court (e.g. Hill v. State, 2017, 296 Neb. 10). Legal challenges

tend to occur based on actions taken during droughts or drier parts of

the year (i.e., closer to the end of the hydrological year which is

September 30th). Conflicts also tend to be located in fully- or over-

appropropriated hydrologically connected areas, especially near the

western and southern state borders where groundwater pumping can

impact surface water availability, including for neighboring states

(Schutz, 2015; State of Nebraska Department of Natural Resources,

2021). Integrated management planning is beginning to address these

challenges but as the lawsuits show, there is still conflict between

these types of water users.

Court cases have been inadequate for proactively preventing

water decline. In order for a case to be heard by the Nebraska

Supreme Court, a plaintiff must first experience harm (e.g. economic

loss from water reduction). By the time these losses are incurred, it

may be too late to salvage crops, and there can be ecosystem damage

such as habitat or species loss. In a Supreme Court case, Kansas

vs. Nebraska and Colorado (2015), Nebraska had to compensate Kan-

sas for over-pumping hydrologically connected groundwater under

the Republican River Compact, designed to protect surface water

flows (Jedd et al., 2022). By the time the court case was settled, the

ecosystem damage from a drought in 2012 had already led to forest

loss due to wildfire, zoonotic diseases in the deer population, and a

loss in pheasant and quail bird habitat due to range grasses being cut

for emergency cattle feed (Smith, 2012). This is a shortcoming of

using the court system to remedy water shortages, as it is an inherent

feature of courts to account for loss after damage.

Legislation from the state is also a difficult route to prevent

drought damages. Elected officials might hesitate to place limits on

water usage because it could be unpopular with voters. Hess et al.

(2016) state that demand management can be politically controversial

and locally elected officials may avoid putting limits on water con-

sumption for the fear of losing re-election bids. (Hess et al., 2016).

Therefore, judicial and legislative procedures leave enforcement gaps

in the eyes of agricultural water users.

5 | DISCUSSION AND CONCLUSION

The Integrated Management Planning process in Nebraska overcomes

the challenges associated with top-down governance by placing

responsibility in the hands of local decision-makers, for example, the

boards of the NRDs, who have a vested interest in preventing drought

losses before they occur. Polycentric groundwater governance

requires a high level of stakeholder participation and the active over-

sight of elected leaders (Burbach et al., 2020). This is the Board of

Directors in each NRD, and the statewide Nebraska Association

of Resources Districts. Local resource districts can overcome some of

the shortcomings of legislative and court-based approaches.

The results show that voluntary, user-driven rules could evolve to

include enforceable (non-voluntary) rules. In other words, the Natural

Resources District model shows that when a self-driven rule-making

process is legitimate, it has rulemaking authority. The governance
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system evolved over time to adjust to water availability, irrigation

needs, water quality, and user recognition of the threat posed by

drought. In this section, we present the ways in which our results

expand upon polycentric governance, the relationship between rural

water users and groundwater, the limitations of polycentric gover-

nance, and future directions.

5.1 | Expanding dimensions of polycentric
groundwater governance

These findings elaborate on what is known about polycentric ground-

water governance. Schipanski et al. (2023) suggest that successful

polycentric governance, that is, capable of reducing groundwater

overdraft, has a shared understanding of problems, creates commit-

ment to conservation through engagement rather than voluntary

action, has strong leadership, and supportive governmental policies.

Theoretical explanations following Ostrom's lineage suggest that poly-

centric systems function when civil society and the state “co-pro-
duce” scientific knowledge and the rules about the use of natural

resources (Miller & Wyborn, 2020). Our results add other dimensions:

social acceptance, inclusion, a prior history of collaboration, and eco-

nomic incentives. These additional characteristics may prevent stake-

holders from opting out and choosing other decision-making venues

for resolving problems, which others identify as a potential challenge

(Morrison et al., 2023).

Social legitimacy includes informal, voluntary, community-

oriented practices driven by a sense of obligation to others. Earlier

work on which this research builds shows these conditions are pre-

sent in Nebraska (Bleed & Babbitt, 2015; Jedd et al., 2022; Sixt,

Klerkx, et al., 2019). Our results delineate the specific dimensions, or

framework conditions, that may apply to other areas experiencing an

increase in irrigation. Framework conditions for successful polycentric

water governance were identified in this study. They include social

legitimacy, inclusive membership, prior history of collaboration,

context-specific rules with economic incentives, self-made rules, and

an understanding and acceptance of the rules.

A legitimate process has rulemaking authority in the eyes of

participants. This form of ‘political commitment,’ or long-term

engagement, is identified as a solution to the challenges that climate

change poses to groundwater governance (Petersen-Perlman

et al., 2022). Actors with long-term engagement in a governance pro-

cess may be more likely to adopt a cap on extractions, which Grafton

et al. (2018) claim is necessary to address declining groundwater sup-

plies. According to Zwickle et al. (2021), rule structures that allow for

water use restrictions, though less politically popular, are more effec-

tive at reducing groundwater depletion than technological innovation

alone. These claims are part of a movement toward improving ground-

water governance by setting limits on its use (Rouillard et al., 2021).

State-backed caps on consumption go hand-in-hand with voluntary

commitments in polycentric groundwater governance (Baldwin

et al., 2018).

When paired with technological innovations, polycentric gover-

nance arrangements in the agricultural sector push farmers to reduce

their irrigation amounts and innovate techniques based on changes in

water availability. As mechanized irrigation is prevalent (57% are cen-

ter pivot systems), it is possible to schedule irrigation based on sen-

sors that detect plant stress, having the potential to make irrigation

more efficient, only pumping groundwater when it is critically needed

(Bhatti et al., 2022). If water users trust the information about water

supply, find that the recommended best practices will save them

money (Grafton et al., 2018), and know that there is buy-in among

other water users in the district, they may be willing to invest in new

equipment, such as timers and perhaps more importantly, to partici-

pate in governance arrangements that consider the collective avail-

ability of water.

5.2 | Learning at the rural–urban interface

Cities engaging in supply-driven groundwater governance might serve

as models for rural areas. Managed groundwater recharge may reduce

the need for demand-based restrictions (see Megdal et al., 2017 for

the example of Orange County Water District which has used supply-

side management to address increasing groundwater consumption and

a growing population). Local planners are becoming more inventive in

addressing challenges to water supplies. Here, rural water users could

learn from urban areas. In other studies of local groundwater manage-

ment, Hess et al. (2016) found that municipal areas tend to see more

coherence in methods to achieve supply increases (additional storage

and delivery infrastructure) than demand reduction. This could be done

through a range of education, information-sharing, rate re-structuring,

and/or metering (Hess et al., 2016). As a result of the variation in

demand management implementation (e.g., with caps and/or fees on

consumption), localities are bound to see conflict between production,

economic growth, and conservation logics. Therefore, it may be more

strategic for urban water suppliers to leverage income and profits from

water provision toward recharging groundwater supplies.

Following this to a logical analogue in the rural setting, aquifer

recharge programs may be a more politically appealing way to keep

the focus on boosting supply without having to address more chal-

lenging reductions in demand. However, there is a difference in the

distance between users and the resource itself. Residents in cities

may feel substantively more removed from groundwater resources,

while farmers may benefit from groundwater pumping in a way that

they perceive more directly. Because rural water users perceive them-

selves to be closer to groundwater, it may be easier to achieve reduc-

tions in water consumption. Therefore, it is worth considering

whether the technological “fix” of groundwater recharge is warranted

in the agricultural context. This means that the high degree of social

legitimacy that we observed may be an inherent feature of successful

governance settings that rely on low-technology measures to protect

groundwater (i.e. approaches that focus on reducing demand rather

than increasing the overall supply).
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5.3 | Limitations of polycentric governance and
future directions

The Nebraska case leaves some questions that point to shortcomings

of a polycentric model. In particular, it is difficult to address cross-

border conflicts. When rules are established at the local level, there

will inherently be a boundary past which these rules no longer apply.

The U.S. Supreme Court cases involving Kansas show that legal con-

flict has at times been unavoidable. Polycentric governance requires

cross-scalar coordination in order to realize gains across district

boundaries and jurisdictions. A set of national guidelines for ground-

water governance could reduce interstate conflicts.

This study has identified the dimensions of social legitimacy in

Nebraska.4 Prior research has questioned whether the Nebraska

model has been or could be reproduced in another setting: Sixt,

Klerkx, et al., 2019 (743) state that “further research is warranted in

order to determine whether the NRD system is replicable elsewhere

in the U.S. or internationally.” In the absence of national groundwater

guidelines, comparison with other states is warranted. States with

established groundwater governance systems that rely upon conser-

vation districts include Arizona, California, and Florida (Megdal

et al., 2015; Megdal et al., 2017). Testing the framework in these

places would strengthen our ability to make general statements about

how legitimacy is conferred on polycentric governance arrangements.

There also needs to be more research on the ability to prevent

groundwater decline. The literature on environmental governance

highlights the importance of establishing institutions that are capable

of preventing natural resource degradation (Pickering et al., 2020).

Investigation is needed to determine whether moratoria on irrigation

well permits can protect groundwater in fully appropriated NRDs

(Muñoz-Arriola et al., 2021). Though the National Climate Assessment

shows the area of the High Plains Aquifer under Nebraska still has sig-

nificant saturated thickness compared to the part governed by other

states, it is still possible that groundwater decline may be a reality for

Nebraska under future climate conditions given the expansion of wells

and pumping on the eastern side of the state. Further research is

needed to assess whether self-made extraction limits could reduce

user conflicts under future droughts, seasonal variations, or decline in

water availability due to competing use in a changing climate.

As a note of caution, the framework should be used with caution

beyond the agricultural sector. The energy and mining industries are

also major users of groundwater. Future research should look outside

of the agricultural sector for ways to achieve legitimate groundwater

governance. The European Environment Agency, for example, states

that industrial production poses a threat to groundwater (EEA, 2022).

It is not clear whether multi-national industrial actors are incentivized

by the same socially derived values as farmers in a place-based

governance process. Moreover, governance of groundwater in a non-

agricultural context may involve additional features that defy the logic

of governing through social legitimacy. Despite these caveats, the

Nebraska model may offer lessons for other basins where groundwa-

ter has historically been plentiful but is now facing drought stresses,

intensive irrigated agricultural production, and competing demands

for water. Future studies motivated by the need to reduce groundwa-

ter overdrafts may start by asking whether the preconditions are

present.

5.4 | Conclusion

Nebraska's ease of access to groundwater contributes to agricultural

productivity. It has the most irrigated croplands and pastures of all

U.S. states, with nearly one-third of its total area under irrigation.

Most irrigation is supplied by groundwater from the Northern High

Plains (Ogallala) Aquifer. Under rational-economic assumptions,

farmers who rely on irrigation would resist rules that affect their use

of this aquifer. Yet since the Natural Resources Districts (NRDs) were

established in 1972, these local structures have evolved. In addition

to voluntary, collaborative rule-making, they have statutory authority

to regulate withdrawals and thus, they can proactively prevent aquifer

decline during droughts. This research explains why NRDs are an

instance of polycentric governance and provides a deeper consider-

ation of why this approach has the ability to reduce groundwater

overextraction.

This study supports the claim that polycentric governance of

groundwater governance has distinct and identifiable features that

could be used in other studies. Using the framework conditions would

be a first step to identifying whether socially-legitimated models of

polycentric governance can be used to effectively govern groundwa-

ter overdraft under future drought conditions. In other words,

research should take social values and priorities seriously, asking how

should groundwater be governed. This speaks to the need to build out

normative strains of the institutionalist understanding of polycentric

systems (Thiel, 2023).

In Nebraska, regulatory authorities depend upon civil society's

willingness to abide by norms and socially accepted rules about using

groundwater. Access is often locally determined, and decisions about

extraction are also often made by private landowners. Therefore,

polycentric arrangements that prompt civil society actors to voluntar-

ily reduce their demand are a promising avenue for reducing unsus-

tainable levels of groundwater consumption. Our results show that

social legitimacy is an underpinning feature of polycentric groundwa-

ter governance and should not be ignored when setting groundwater

rules. The polycentric model of NRDs is a form of self-rule that priori-

tizes sustainable water use in a state with a majority agricultural econ-

omy. This case shows how voluntary water governance can evolve

over time to include monitoring, restriction, and enforcement mecha-

nisms when a history of democratic rule, public participation, and self-

governance is present. NRDs exercise control by using their authority

to make institutional changes and sanction violators for overuse. This

4The natural, social, and political circumstances in which the Nebraska system was created

may have been exceptionally favorable for cooperation: relatively abundant groundwater

supplies, social cohesion, and a unicameral (single-body) state legislature. It is also possible

that there are features of the aquifer that lend themselves to stability, and it is coincidental

that the polycentric governance system exists in Nebraska. We do not think this is the case

but nonetheless needs to be more rigorously tested.
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authority is granted and legitimized by publicly elected boards, an

ongoing leadership training network, and a history of locally driven

rulemaking.

There are shortcomings to the model: in particular, it is difficult to

address cross-border issues or legal conflicts between types of water

users (surface water and groundwater). In spite of its limitations, the

Nebraska model of polycentric groundwater governance may offer

lessons for other basins where water resources have historically been

relatively plentiful but are now facing drought stresses and the grow-

ing demands of intensive irrigated agricultural production. There is no

substitute for collective considerations of resource availability. In set-

tings where irrigators cannot innovate their way out of the global

groundwater crisis, it is worthwhile to investigate whether and how

rules about groundwater overdraft come to be accepted and whether

and how that acceptance is maintained over time.
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