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Introduction 

Pollution that degrades water quality has been a longstanding challenge in the United 

States. Environmental legislation in the 1970s, especially the Clean Water Act, substantially 

improved water quality. However, much of the success has come from restricting pollution that 

occurs at a fixed location, defined under the Clean Water Act as a point source. Pollution 

occurring from dispersed, or nonpoint source (NPS), locations has become a central concern 

because agriculture NPS pollution—surface runoff from excess fertilizers, pesticides, and 

sediments—is “the primary source of water quality impairment in the United States” (Prokopy et 

al., 2008, p 300; EPA, 2012). The U.S. Environmental Protection Agency (EPA) lists “some 

40,000 water bodies as impaired” (Arbuckle, 2013). While NPS pollution comes from both urban 

and rural areas, this paper will focus on efforts to deal with the agricultural context.  

 

NPS Pollution As Collective-Action Puzzle 

Addressing NPS pollution in agricultural contexts is challenging for multiple reasons. 

First, “the absorptive capacity of water bodies is a common pool resource for which exclusion of 

access is prohibitively costly if not impossible” (Smith & Porter, 2010, p. 315).  Related to the 

challenge of exclusion is that many farmers employing conventional agricultural practices may 

view the consequence of NPS pollution as a necessary or tolerable consequence of production. If 

reducing NPS pollution also harms farming livelihoods, then there are potentially challenging 

tradeoffs involved. Second, there is a great degree of uncertainty about the severity and source of 

NPS pollution and outcomes for aquatic ecosystem and human health because of the complexity 

of understanding problems across multiple scales (Cash et al., 2006). At the farm level, 

individuals may not be able to see easily the contribution of pollutants, where at a watershed 
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scale the degradation becomes more apparent through testing and visual indicators, such as algal 

blooms (Smith & Porter, 2010). Third, the uncertainty that a given action by a farmer will reduce 

NPS pollution increases the costliness of providing high water quality, which introduces free-

rider problems where not all participants will contribute to collective action (Ostrom, 1998; 

Lubell & Fulton, 2008). The scale problem compounds this dynamics because the beneficiaries 

of high water quality, such as fishers far downstream, suffer from reduced fish to catch and sell, 

while the upstream farmers suffer no specific consequences to their operations from degraded 

water quality. Further, the large scale also means that administrative boundaries or authorities 

typically used by government agencies to address environmental problems often are mismatched 

to the biophysical extent of the NPS pollution problem (Cash et al., 2006; Sabatier et al., 2005a). 

 

Adoption of Best Management Practices to Address NPS Pollution 

Among the substantial literature addressing NPS pollution, best management practices 

(BMPs) are widely recommended as the principal tool to improve water quality and research has 

shown that BMPs can be very effective at reducing phosphorus, nitrogen and other NPS 

pollutants (Cox & Hug, 2012). BMP is a broad terms that includes a wide range of specific 

actions. Some of the main categories include nutrient management, no-till production, water 

conservation, and precision agriculture (Baumgart-Getz et al., 2013). Much of the literature also 

explores the factors that are responsible for encouraging BMP adoption. Farmers often pick and 

choose one or a few BMPs to implement for reasons of cost, fit, and ability to implement, among 

others reasons (Pannell et al., 2006; Lubell, 2004). While only a portion of the literature on BMP 

adoption is reviewed in this paper, several important themes emerge. First, meta-analyses of 

statistical studies show that there are no universal predictors of BMP adoption. Some variables 
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are more often positively correlated with adoption, but widely varying magnitudes of positive 

relationships, conflicting findings of positive and negative correlations, and inconsistently 

significant variables demonstrate that BMP adoption is highly contextual. Second, the 

interactions between farmers, technical experts, and other government officials strongly mediate 

information, perceptions, and actions. Within these interactions, economic factors, such as 

financial incentives and their fit for a given farmer’s situation, are clearly important. How 

networks spread information, build social capital, and facilitate cultural interactions also 

influences adoption in important ways. What stands out from the literature reviewed here is that 

BMP adoption is a highly contextual learning process (Pannell et al., 2006). 

Three meta-analyses of adoption of BMPs and conservation practices did not find 

variables that universally explain behavior, but do highlight the contextual nature of adoption 

choices. Baumgart-Getz et al. (2013) conducted a meta-analysis of 46 studies spanning 25 years 

that focused on adoption of BMPs in the United States. Education and environmental values are 

widely researched in the literature as important adoption predictors. However, in this study the 

type of education variable matters; extension training is significant, while formal education does 

not improve BMP adoption. Similarly, for environmental awareness, more general awareness 

variables were insignificant while knowledge of specific on-farm environmental programs were 

significant. Prokopy et al. (2008) reviewed 55 studies from 1982-1997 to search for factors 

positively or negatively associated with BMP adoption. The review counted positive and 

negative correlations and found that “[e]ducation levels, capital, income, farm size, access to 

information, positive environmental attitudes, environmental awareness, and utilization of social 

networks” were more often positively related to adoption (p. 300). However, no variables were 

always positively related and significant across all of the studies. Knowler and Bradshaw (2007) 
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reviewed 23 studies and found no universal predictors for adoption of conservation agriculture. 

The authors concluded that multiple factors constrain adoption and suggest that social capital and 

other non-financial factors are likely important.  

Reimer et al. (2012) and Pannell et al. (2006) both highlight the complex array of factors 

that farmers consider in making adoption decisions. Reimer et al. (2012) found that 

environmental attitudes for conservation practices are highly mediated by the farm situation. 

“Farmers are making conservation decisions in a large context and face different financial, 

agronomic, and environmental contexts. Some practices are simply inappropriate in certain 

contexts; non-adoption in these cases is often a mixture of attitude towards conservation and 

local situation” (p. 37-38). Pannell et al. (2006) highlighted the substantial number of factors that 

can bear on the decision making process for Australian farmers based on a significant review of 

existing adoption literature. The study argued that “relative advantage” and “trialability” inform 

whether adoption improves farmers’ personal goals, based on personal, social, cultural, and 

economic factors, and whether BMPs are relatively easy to test out before committing to them.  

All of the studies reviewed here argue that economic factors bear on adoption behavior. 

Many BMPs emphasize cost-share elements to encourage participation and specific practices 

emphasize production efficiency by reducing inputs, such as fertilizer, pesticides, or water 

(Lubell, 2004). Napier et al. (1984) found that economic constraints were more important than 

information-diffusion strategies in the adoption of conservation tillage. A relationship between 

economic and social factors emerged in different ways. Lubell (2004) explored a collaborative 

watershed partnership and found “a somewhat bifurcated process” where farmers first buy-in to 

the collaborative process because of the value of social capital, but then focus on the “economics 

of BMP implementation” to find “the least costly form of cooperation available” (p. 22).  
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The social capital generated through repeated interactions within networks is another 

important mediator of adoption. Lubell (2004) found that “expectations of reciprocity are a 

driving force in farmer cooperation. Given the collective action problem associated with 

improving water quality through BMP implementation, there are no benefits from cooperation by 

a single farmer unless that farmer believes his behavior will affect others” (p. 21). Lubell & 

Fulton (2008) find that “there is a tight link between the frequency of BMP adoption and 

exposure to local policy network” (p. 19). “Our study demonstrates quantitatively that 

agricultural producers’ exposure to policy networks increases the probability of adopting 

environmental BMP” (p. 21). Baumgart-Getz et al. (2012) also found both agency and local 

network variables to be important statistical predictors of adoption. However, the influence of 

networks does not always result in greater adoption. Campbell et al. (2011) examined whether 

grassroots watershed-based collaboration enhanced BMPs adoption and found mixed results. In 

comparing two watersheds, one with and one without a partnership effort, BMP adoption rates 

are the same. However, partnership farmers adopt BMPs at higher rates than other farmers in the 

same watershed. This does not indicate causality, as farmers self-selected into the partnership 

may be more likely to adopt BMPs. 

Cultural norms and values offer a final set of mediating factors that appear to influence 

adoption behavior. Blackstock et al. (2010) argued that “farmers attach symbolic meaning to the 

choices they make and the behaviours they exhibit” (p. 5634). Thus, BMPs that “undermine the 

visible symbols of good farming (e.g. overgrown buffers strips etc) may be less popular than 

those that contribute to signs of a successful productive enterprise (e.g new fences)” (ibid.). 

McGuire et al. (2013) explores Iowa farmers identities as “good farmers” when confronted with 

information about NPS pollution that challenged their perceptions. “Because the pollutants found 
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in the water could not be traced back to any one farm operation, it could be assumed that any 

and/or all farmer residents in this watershed had in some way contributed to the pollution” (p. 

63). This meant that “even farmers who used soil and water conservation farm management 

practices were considered part of the polluter group” (ibid.). The study highlighted a learning 

process that began with initial disbelief and self-initiated efforts to retest water pollution levels. 

Farmers began testing BMPs and engaged in peer learning to iteratively increase BMP adoption. 

 

Current BMP Approaches and Collective Action 

Broadly, efforts to address agricultural NPS pollution runoff into one of three main 

branches: economic incentives to encourage voluntary implementation of BMPs; regulatory 

efforts that attempt to require BMPs, or potentially penalize NPS polluters; or collaborative 

management approaches that attempt partnerships with more bottom-up participation. While 

improving water quality is the common impetus for action in each approach, collective action 

appears to be explored primarily in the literature on collaborative management. 

The economic incentives approach is incorporated in federal farm policy, which focuses 

primarily on subsidies to encourage production, but also provides incentives for conservation 

practices, such as cost-share arrangements for implementing BMPs (Lubell, 2004) or contracts to 

implement conservation practices (Cattaneo et al., 2005). An environmental restriction, known as 

conservation compliance, has been a part of federal farm policy since 1985. While not an actual 

penalty, legislation has linked subsidy eligibility to not planting crops on highly erodible lands or 

draining wetlands (Schnepf, 2012). Because subsidies have been viewed as highly desirable, this 

has been treated more as a stick than the loss of a carrot (ibid.). Arbuckle (2013) describes the 

process for targeting farmland where BMPs would be beneficial at reducing environmental harm 
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and notes that conservation programs have been far more successful at reducing soil erosion than 

NPS pollution. Efforts, referred to as conservation precision, attempt to better match incentives 

to lands but remain a relatively small component of federal conservation programs (ibid.). While 

collective action is not discussed explicitly within the economic incentives literature, an implied 

element of collective action might be the importance of connecting economic incentives to 

BMPs to ensure long-term sustainability of farming, which in turn can enable participation. 

The regulatory approach is more complicated because NPS pollution monitoring and 

enforcement is difficult to implement and there is no penalty that EPA can enforce directly on 

NPS polluters under the Clean Water Act (Houck, 2011). The EPA has authority under Section 

303(d) to require states to list impaired waters (water bodies failing to meet specific numeric 

limits for different pollutants) and can then establish a total maximum daily load (TMDL), which 

creates a pollution diet to which states must adhere or face penalties (ibid.). In turn, state 

governments must decide whether to use their legislative authority over state waters to require 

BMPs of agricultural producers. One example, which stands out as a new effort, is the TMDL for 

the Chesapeake Bay watershed. The EPA has required the six Bay states to submit watershed 

implementation plans and to meet benchmarks or face the loss of some funding and potentially 

tighter restrictions on point-source pollution discharges, for which the EPA can impose fines 

directly (ibid.). It is too early in the process to determine if the approach is having the intended 

result, but the potential loss of funding for state government under this approach is significantly 

less than similar efforts to reduce air pollution, which are linked to more substantial highway 

funds (ibid.). Collective action is not discussed much in conjunction with the regulatory 

approach, likely due to assumptions that centralized approaches are an important way to respond 
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to problems for underproviding public goods (Ostrom, 1990). However, this tends to ignore the 

many mediating factors that impact BMP selection and adoption highlighted in the literature. 

The collaborative management approach has developed out of frustration over the real 

and perceived lack of success with both purely voluntary efforts and failed regulatory ones 

(Sabatier et al., 2005a). This has received various names, such as Collaborative Watershed 

Management, Integrated Water Resources Management, and Collaborative Environmental 

Management. The collaborative management approach differs in important ways from the 

previous two approaches. While still voluntary, boundaries are focused at a relevant water 

drainage scale, such as a watershed or catchment, which help organize key stakeholders for 

collective action. Participation is not organized around a single government agency directing 

others to achieve its legislative mandate, but grassroots stakeholders are engaged in more face-

to-face discussion with all of the relevant federal, state, and local government agencies and 

strategies develop around mutually acceptable goals (ibid.). Implementation of BMPs in this 

context requires that farmers and farm groups are engaged as stakeholders and contribute to 

addressing the problem. The collaborative management literature explicitly researches collective 

action, testing the importance of social capital, trust and reciprocity, institutional arrangements, 

and norms, among other factors, as key components that explain participation behavior (Sabatier 

et al., 2005b). 

All three approaches have serious weaknesses. Given the persistence of NPS pollution, 

voluntary, economic incentives alone appear insufficient to generate the level of participation 

needed to reverse water quality declines (Arbuckle, 2013). The regulatory approach can, 

potentially, generate substantially greater participation through penalties, but current authority to 

level penalties against polluters is very limited. The complexity of selecting the right BMP for 
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the right position in the landscape and measuring pollution contributions from individual farms 

also presents significant challenges in linking participation to successful outcomes at a larger 

scale. The collaborative management approach may look better on paper than on the ground, 

since it suffers from the same shortcomings of self-selection—and participants may not be NPS 

polluters—and often occurs only at a small scale (Blomquist & Schlager, 2005). Given that BMP 

adoption appears to be better explained as a learning process with many highly contextual and 

mediating factors across multiple scales, the Institutional Analysis and Development (IAD) 

framework may offer a useful lens for exploring the NPS pollution puzzle. 

 

The Institutional Analysis and Development Framework 

The IAD framework developed by Vincent and Elinor Ostrom and their colleagues at 

Indiana University offers a valuable approach for exploring how institutions, through 

combinations of rules, allow individuals to interact and coordinate decisions to address 

collective-action challenges. One element of the IAD framework that may yield insights into 

NPS pollution puzzle is the different levels of analysis for how rules get designed. In the IAD 

framework, these are denoted as operational-choice, collective-choice, and constitutional-choice 

rules. The operational-choice rules affect day-to-day implementation of permitted and restricted 

uses of a common resource, how actions will be monitored, and what penalties can and will be 

enforced for violations of acceptable uses. Collective-choice rules function similarly to 

establishing policy, establishing who can be involved in formulating the constraints for 

operational rules and how disputes can be resolved. Constitutional-choice rules establish 

eligibility criteria for participation and the framework within which the collective-choice rules 

can be constructed and changed (Ostrom, 1990). The reason exploring these different levels of 
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analysis may be useful is that among the different NPS approaches there does not appear to be 

any specific research directed at whether these different arenas for rulemaking support or 

undermine BMP adoption as a learning process. The IAD presumes that individuals are 

boundedly rational and learn over time, but are fallible and face both imperfect information and 

limited information-processing capabilities (Ostrom, 2005). The literature on BMP adoption 

would indicate that these are important assumptions to consider in evaluating adoption efforts. 

Here, I will highlight some of the existing institutional rules at different levels, which will lead 

into considerations for future research about how these different levels can either support or 

undermine the learning process that is important to generating greater collective action. 

Constitutional-Choice Rules 

Addressing NPS pollution at the “constitutional choice level of decision making 

establishes the institutional context for collective problem solving” (Schlager, 2006, p. 3). 

Whether a common understanding exists among citizens of the problem and who is legitimately 

responsible for participating is strongly influenced by constitutional-choice rules (ibid.). Thus, 

existing NPS approaches should offer some cause for concern over these institutional rules. 

Blackstock et al. (2010) highlights multiple studies that have illustrated the difficulty in 

convincing farmers that an NPS pollution problem exists or, if it does, that farmers are 

responsible for doing something about it. The regulatory approach indicates that anyone 

contributing NPS pollution should be considered responsible for participating in reduction 

efforts. The Chesapeake Bay TMDL has developed both because of and despite constant 

litigation over this eligibility question (Houck, 2011). By contrast, the dominant farm policy 

approach of conservation incentives suggests that participation is exclusively voluntary. The 

collaborative management approach might be viewed as offering a third constitutional-choice set 
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of rules. While participation is still voluntary, bottom-up and collaborative efforts offer a local 

venue, in contrast to national policy, for shaping understandings of the problem and determining 

within an agreed-upon boundary which individuals should be involved in establishing collective-

choice rules. More research into how farmers perceive legitimacy of the NPS pollution problem 

might help establish stronger footing for generating BMP adoption. Lubell (2004) notes the 

importance of the land stewardship ethic within farming communities, which implies a moral 

responsibility to take care of the land. If this view is widespread, then perhaps constitutional-

choice understandings between voluntary and regulatory approaches are not greatly divergent 

and greater effort at the collective-choice level might be central to BMP adoption.  

Collective-Choice Rules 

Collective-choice rules under the economic-incentives approach for establishing when 

and what BMPs are applied occurs principally at the federal level, through programs 

administered by the U.S. Department of Agriculture (USDA) (Arbuckle, 2013; Cattaneo et al., 

2005). Decisions often revolve around how to allocate conservation funds. Efforts to match 

BMPs with reductions in soil erosion have been more successful than efforts to reduce NPS 

pollution from phosphorus, for example (Arbuckle, 2013). The USDA uses environmental 

benefit indices in combination with farmer-submitted bids to allocate funds (Cattaneo et al., 

2005). Similarly, the EPA funds NPS pollution reduction efforts through Clean Water Act 

Section 319 grants (Hardy & Koontz, 2008). Within the regulatory approach of listing impaired 

waters and setting TMDLs, collective-choice is shared between EPA and the state governments 

for deciding how to implement water quality improvement efforts (Houck, 2011). The regulatory 

process has been criticized for failing to offer little more than notice-and-comment opportunity 

for the public and strong command-and-control efforts from the national level (Sabatier et al., 
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2005a). More dynamic collective-choice rulemaking takes place within the collaborative 

management approach, where partnerships must generate a high degree of agreement before 

implementing a policy. Lubell et al. (2005) notes that “collaborative [watershed] institutions 

consist of both collective choice and operational rules” (p. 262). The threat of litigation heightens 

the importance of the collective-choice rulemaking process, where the focus is frequently on 

“mutually acceptable solutions. Instead of penalties and enforcement, collaborative institutions 

are more likely to rely on voluntary cooperation to implement policies resulting from the 

collective choice process” (ibid.). In significant contrast to the regulatory approach, federal 

agencies function as technical advisers and stakeholders, rather than as the lone director setting 

the policy (Sabatier et al., 2005a). 

Operational-Choice Rules 

The operational-choice rules establish the permitted and restricted uses to reduce NPS 

pollution. Typically, this has focused on the selection of particular BMPs to achieve participation 

or compliance. In the Everglades Agricultural Area, for example, farmers must earn 25 points of 

BMP credits to be deemed in compliance, but the choice of BMPs to earn the needed credits rests 

with the farmer (Light, 2010). Under the Conservation Reserve Program, a farmer submits a bid 

on the types of activities that will be implemented and the cost to the federal agency for agreeing 

to the bid. The choice of what activities to offer and whether to accept the bid rests with the 

farmer and the agency respectively (Arbuckle, 2013). Within collaborative approaches, 

operational choice can involve collective activities rather than be limited exclusively to 

individual farmer decisions, such as a coordinated effort to establish buffers within a watershed 

(Campbell et al., 2011). Both Blackstock et al. (2010) and McGuire et al. (2013) show that 
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cultural and personal values can impact operational-choice decisions as well. Farmers are 

reluctant and discouraged from choosing actions that will be viewed negatively by their peers. 

 

Considerations for Future Research 

The ability of some organizations to generate meaningful collective action with farmers 

when the problem of NPS pollution is made evident through information and is coupled with the 

availability of practical, affordable measures suggests that improving water quality is attainable 

(McGuire et al., 2013; Carey 2013). The BMP adoption literature reviewed in this paper suggests 

that treating adoption as a highly contextual learning process may be yield better insights for 

achieving higher levels of participation than only matching BMPs to specific characteristics of 

farmers or farm situations. The centrality of strategy and interactions as the unit of analysis in the 

IAD makes the framework well suited to help researchers explore the learning process that can 

help contextualize BMP efforts at local and watershed scales. The different levels of analysis for 

institutional rules offer one way to explore whether a learning process for BMP adoption is 

supported or undermined by different institutional signals at local and national scales. 

The long history of litigation over national constitutional-choice rules seems to oddly 

contrast the presence of strong environmental attitudes among the farming community. While the 

fault lines clearly involve the role of government, the apparent agreement on stewardship 

indicates that efforts might focus on providing clearer information about the severity of the NPS 

pollution problem at different scales and tie it specifically to on-farm practices that can be 

changed (Baumgart-Getz et al., 2012). Carey (2013) explores a precision conservation approach 

of how visible changes in river turbidity helped farmers see the importance of the BMPs that 

they implemented. Related, a shift from knowledge transfer to knowledge exchange, where 
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expert scientific opinion is one of several sources of information, might better engage farmers in 

problem solving to establish credibility that a water quality problem exists (Blockstock et al., 

2010). Heightening the visibility of the problem may be central in securing constitutional-choice-

level agreement about who should legitimately participate in addressing the problem. Ostrom 

(2005) highlights the challenges that individuals face in having imperfect information and 

fallible information-processing capacities. Thus, simplifying and clarifying the NPS pollution 

challenge, especially by building peer-focused collaboration, can help to legitimize NPS 

pollution as a problem. Even without a specific enforcement tool under the Clean Water Act, the 

legal authority to require information and establish TMDLs offers a meaningful way to heighten 

awareness of the problem at a larger scale if the process for learning in incorporated into the 

distribution of that information. Simply establishing a TMDL seems unlikely to be impactful. 

Connecting the specifics at smaller scales seems critical in generating better understanding of 

relevant constitutional-choice responsibility. 

While constitutional-choice rules may not necessarily determine the success of collective-

choice and operational-choice rules, exploring the relationships would appear to offer an 

important linkage of legitimacy that could then be enhanced by greater collective-choice 

participation, as demonstrated by the collaborative management approach. The bifurcated 

process of social capital and economic factors highlighted by Lubell (2004) suggests that 

involving farmers in the process of shaping policy goals to find a good fit for BMPs that work 

with current and diverse farm types and situations is probably essential. Economic factors are 

clearly central elements in farmer choice and the literature suggests that this has been a point of 

emphasis in encouraging adoption. Arbuckle (2013) finds that Iowa farmers mostly supported 

targeted conservation approaches, where distribution of funding would be allocated to the most 
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vulnerable areas in a given landscape. This suggests more could be done to engage farmers in 

allocating resources for BMP implementation. For example, it would be interesting to see how 

farmers in the same catchment might allocate limited funds for BMP implementation among 

themselves in contrast to the distribution of CRP contracts in that same catchment.   

Success at the operational-choice level may depend on two basic factors: a BMPs 

goodness of fit and how farmers perceive good versus bad BMPs. Adoptability, as articulated in 

Pannell et al. (2006) essentially comes down to whether a BMP is a good fit for a given farmer 

for reasons informed by learning capability, social nestedness, and the farm situation. Thus, this 

is a critical step where pushing a BMP that is not a good fit “will simply confirm a landholder’s 

decision not to adopt, as well as degrade the social standing of the field agents of the 

organization” (p. 1421). Collective-choice rules have focused on feasibility, especially economic 

factors, but incorporating more opportunities for trial-and-error learning for farmers at the 

operational-choice level may aid implementation and shape adoption behavior as learning about 

BMPs can alter personal goodness of fit criteria (ibid.). Similarly, understanding whether farmers 

perceive a BMP positively or negatively as a symbol of good farming offers another critical 

variable for operational-choice level success (Blackstock et al., 2010; McGuire et al., 2013). This 

can allow to strategizing around promoting positively perceived BMPs or countering negative 

perceptions by helping farmers to understand how perceptions are shaping choices. 

There are no easy answers in generating NPS pollution reductions. In the agricultural 

context, treating BMP adoption as a highly contextual learning process, where interactions 

between farmers, technical experts, and government officials occur at multiple levels of 

institutional rulemaking, can help to shed light on how institutional rules can work to support or 

undermine greater collective action. 
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