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Local policy networks can aid federal agencies, but they can also coopt federal resources for unintended purposes. Our
empirical study finds that effective local networks increase both enforcement and compliance rates for the Clean Water
Act. We discuss the circumstances under which effective networks can transform political culture, enhancing enforcement
and compliance even in conservative areas generally opposed to regulation. The modified detection-controlled estimation
procedure enables us to utilize official enforcement records from 1994 to 2000 to study both enforcement and compliance.

Decentralized governance has recaptured the at-
tention of policy scholars and practitioners alike
in a form that challenges the philosophy of cur-

rent federal regulatory policies in the United States. Lo-
cal collaboration among government agencies (Bardach
1998; Provan and Milward 1995), local watershed part-
nerships (John 1994; Leach and Pelkey 2001; Lubell 1999),
ecosystem management (Cortner and Moote 1999), “new
governance” (Salamon 2002), and local policy networks
(O’Toole 1997; Rhodes 1997; Schneider et al. 2003) have
expanded rapidly over the past decade, encouraged by
state and federal laws.

Proponents argue that cooperative, voluntary, locally
inclusive decision-making processes can transform local
policy arenas to complement the centralized command-
and-control approach of regulatory policies (John 1994).
Critics, on the other hand, note that these decentralized
processes create autonomous policy networks that can re-
sist central guidance (Rhodes 1997) and coopt authorita-
tive institutions of governance (Pressman and Wildavsky
1984; Selznick 1966).

In this article we analyze the impact of the currently
popular decentralized collaborative approach on the es-
tablished but somewhat tarnished centralized command-
and-control agencies. Can the development of local policy
networks succeed in fostering cooperation between lo-
cal interests and federal regulatory agencies in pursuit of
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federal goals, or do these networks simply increase the
ability of local interests to coopt federal agencies?

Our empirical analysis focuses on water pollution
policies in which centralized regulation and local water-
shed partnerships both play an important role. Using en-
forcement and compliance data for all major private per-
mit holders in the National Pollutant Discharge Elimina-
tion System (NPDES) from 1994 to 2000, we examine the
impact of watershed partnerships on government outputs
(enforcement activities of the EPA) as well as on com-
pliance outcomes by permit holders. We extend existing
regulatory models not only by incorporating local part-
nerships, but also by modifying Feinstein’s (1990, 1999)
detection-controlled estimation (DCE) procedure in or-
der to use observed compliance behavior among inspected
firms to estimate unbiased impacts on true compliance
rates in the full population of firms.

We begin with a brief overview of the permit sys-
tem and watershed partnerships to provide the back-
ground for our theoretical discussion. We then discuss
the problem of cooperation versus cooptation associated
with the decentralized approach, combine the regula-
tory enforcement model with the institutional approach
to local decisions (Lubell et al. 2002; Ostrom 1990),
and use this model to analyze whether local water pol-
icy networks enhance or diminish EPA enforcement and
compliance.
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Policy Context: The NPDES Permit
System and Watershed Partnerships

The two divergent policy approaches of centralized
regulation and decentralized collaboration both con-
tinue to play critical roles in water pollution policies.
In particular, one office in the Division of Water at
the EPA oversees the centralized, command-and-control-
oriented National Pollutant Discharge Elimination Sys-
tem (NPDES: http://cfpub.epa.gov/npdes/), while other
offices at the EPA pursue the decentralized, collaborative
approach by developing local watershed partnerships such
as Community-Based Environmental Protection Projects
(CBEP: http://www.epa.gov/ecocommunity/) and the
National Estuary Program (NEP: http://www.epa.gov//
owow/estuaries/).

The NPDES permit system was authorized by Sec-
tion 402 of the Federal Water Pollution Control Act of
1972 (known as the Clean Water Act or CWA) and pro-
vided the first major national program to control indus-
trial and municipal discharge of effluents into the na-
tion’s waterways. The national regulatory strategy initially
offered several advantages (Kraft and Vig 2000). A cen-
tralized agency could regulate pollution problems that
generally spilled over municipal, county, and even state ju-
risdictions. A single federal agency had resources required
to develop scientific knowledge and sufficient regulatory
clout to take on large industrial and municipal plants that
were responsible for a large proportion of the pollution
existing at the time. The NPDES required all discharg-
ers to obtain permits limiting allowable discharges. Like
most regulatory policies associated with the command-
and-control model, these limits are enforced through a
regime of inspections carried out by the EPA and by des-
ignated State agencies to monitor compliance and impose
sanctions for violations on permit conditions.

The decentralized, collaborative approach to water
pollution, on the other hand, has expanded rapidly in the
past decade, partly in response to observed shortcomings
of NPDES, for tackling the remaining nonpoint pollu-
tion problems and related water management issues (John
1994; Lubell et al. 2002; Rosenbaum 1998). Furthermore,
stress on water resources caused by population growth
and development has created multiple federal, state, and
local agencies that deal independently with competing
water users concerned with water supply, water qual-
ity, navigation, drainage and runoff, recreational uses,
and habitat conservation requirements (Scholz and Stiftel
2005). This plethora of independent agencies, combined
with the confrontational relationship among compet-
ing water interests fostered by the command-and-control

permit system, produced an uncoordinated, unstable set
of regulations and projects that satisfied none of the stake-
holders competing in a local watershed. The diversity and
complexity of the natural ecosystem and of interactions
among users within watersheds provide considerable op-
portunity to create locally devised standards and modi-
fications to national regulations that will be preferred by
all stakeholders to even the most optimally coordinated
national standards.

As a consequence, many policy analysts (John 1994;
Wheeler et al. 1996) and federal programs (USEPA
1997) alike have encouraged the development of local,
watershed-based plans for coordinating the actions of
existing authorities to resolve remaining pollution and
other water-use issues. By 1994 the EPA had joined 17
other federal agencies in adopting policies to encourage
local ecosystem management (Cortner and Moote 1999;
USEPA 1997). In response to the perceived need and to
federal and state incentives, informal coordinating insti-
tutions of all sorts have flourished in local watershed ar-
eas (Imperiam 1999; NAPA 1997; Yaffee et al. 1996). By
1997, the Conservation Technology Information Center
(CTIC, http://www.ctic.purdue.edu) identified 958 wa-
tershed partnerships across the United States operating
to coordinate local water policies, using the definition
that partnerships must play a neutral coordinating role
involving multiple stakeholders in developing and imple-
menting strategies for voluntary actions to enhance water
usage and quality in the local watershed. Three quarters of
those partnerships with known starting dates were formed
after 1990, as were 60% of the 105 partnerships studied
by Yaffee et al. (1996).

Initial information suggests that these partnerships
are poised to play two potential roles discussed in pol-
icy network literature—the local coordination of gov-
ernment policy in federalist systems and interest group
representation in governmental decisions affecting them
(Dowding 1995; Marsh and Rhodes 1992). Partnerships
tend to develop where the mounting environmental prob-
lems in watersheds and the weakness of existing institu-
tions to manage those problems increase the potential
benefits from watershed partnerships, and where greater
stocks of human, social, and financial capital are available
to resolve the problems (Lubell et al. 2002, 159). They
include a broad base of participation by commercial re-
source users and environmentalists alike, with a predom-
inant role played by government agencies. (Leach, Pelkey,
and Sabatier 2002; Schneider et. al. 2003; Woolley and
McGinnis 2002)

Preliminary assessments have found that partner-
ships at least tend to increase satisfaction with water man-
agement policies in the watershed (Schneider et al. 2003),
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but little is known about the effectiveness of these local
institutions in controlling pollution (Leach, Pelkey, and
Sabatier 2002) and even less is known about their impact
on the NPDES and other regulatory programs. Yet in 2004
the EPA was developing guidelines to allow direct but lim-
ited participation of partnerships in the NPDES program.
Are partnerships likely to invigorate the program by co-
ordinating with local stakeholders, as the EPA contends,
or are they likely to coopt federal programs for local pur-
poses, as critics of local participation in other programs
have charged (Cortner and Moote 1999; Meyer 2001)?

Decentralized Policy Networks:
Cooptation or Transformation?

Although supporters of partnerships and similar local col-
laborations emphasize the potential gains to participat-
ing federal agencies, classic studies in the implementa-
tion tradition emphasize the costs involved in coopting
well-organized local interests. Agency decisions reflect
local interests at some cost to the agency’s federal
mandate when implementing agencies depend on local
resources (Pressman and Wildavsky 1984; Selznick 1966),
when field officers interact routinely with local residents
(Sabatier, Loomi, and McCarthy 1995) and particularly
when regulatory enforcement officials continuously con-
front local regulatees (Blau 1963; Russell, Harrington, and
Vaughan 1986; Scholz, Twombly, and Headrick 1991).

From this perspective, the development of water part-
nerships and effective local policy networks would appear
to facilitate cooptation. The cooptation hypothesis argues
that partnerships will magnify the effectiveness of local
political cultures in influencing agencies and the firms
they regulate, further reducing compliance and enforce-
ment actions in conservative areas but further increasing
compliance and enforcement actions in liberal ones. If
this is true, partnerships might provide no net gain or
loss to federal regulatory goals, but would exacerbate ex-
isting politically induced variations in enforcement.

Policy Networks and the Transformation
Hypothesis

Proponents of partnerships argue that the voluntary na-
ture of these new local institutions encourages a trans-
formation of local and federal interests that alleviates the
potential problem of cooptation by local elites. Specifi-
cally, the transformation hypothesis argues that the devel-
opment of local policy networks and local institutions

transforms the strategic choices of local interests and
government agencies by increasing the likelihood of mu-
tually advantageous outcomes (Scholz and Stiftel 2005),
which in turn enhances their strategic preferences for
stringent enforcement and compliance. Since this hypoth-
esis is less familiar and more complex than the cooptation
hypothesis, it requires greater elaboration.

The argument is based on the extensive local con-
flicts over water usage and the potential for mutually ad-
vantageous water policy agreements among fragmented
authorities. By reducing the transaction costs for reach-
ing agreements, local institutions and the policy networks
they nurture expand the options available to government
agencies and local interests alike ranging from simple
agreements between a few government agencies and/or
stakeholders to more complex multiparty plans for larger
projects (Hindmoor 1998; Schneider et al. 2003; Scholz
and Stiftel 2005). Partnerships are just the most visi-
ble part of a continuum of local policy networks, which
range from very rudimentary contact systems based on
email and rolodex lists, to casual contacts incidental to
policies, to purposeful networks or alliances, to common
participation in projects, to formal planning authorities
(Bardach 1998; Dowding 1995). Specifically, water policy
networks range from completely unorganized watersheds
through those with informal but regular contacts among
some stakeholders to those with more formalized part-
nerships and more inclusive memberships that begin to
resemble policy communities (Marsh and Rhodes 1992).

But how does the development of local policy net-
works affect enforcement and compliance, particularly
since regulatory officials are seldom directly involved in
local partnerships? We contend that the search for con-
sensus within water policy networks transforms conflicts
over the NPDES program in two ways that support en-
forcement and compliance goals.

First, compliance with existing laws provides a pow-
erful focal point in the search for broader collective solu-
tions: to the extent that NPDES standards are met, other
competing water users gain cleaner water or face fewer de-
mands for reducing their own effluents. Debates within
partnerships focus on finding additional methods of al-
leviating stresses on water resources, and all stakehold-
ers are concerned with avoiding costly new commitments
without some compensating gain (Imperiam 1999). Since
most network participants are not permit holders, they
would generally prefer to maximize the gain from strin-
gent enforcement and compliance of existing permits.

Effective networks are likely to translate support for
NPDES standards into effective demands for enforce-
ment. Well-organized local users possess considerable ad-
vantages over centralized enforcement agencies in their
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ability to detect violations and their stronger motiva-
tion to impose meaningful punishments (Ostrom 1990).
Of course, legal barriers and agency control mechanisms
limit direct intervention by local stakeholders in enforce-
ment matters. Nonetheless, well-organized networks can
publicize allegations in the press and complain to the
agency’s political overseers. Local enforcement officials
would ignore such allegations at their peril.

Second, effective networks not only ensure that per-
mit holders face a greater threat of sanctions from the
NPDES enforcement agency, but also increase the impact
of observed NPDES violations on the permit holder’s gen-
eral reputation. The large plants that need NPDES permits
inevitably interact with a broad spectrum of regulators
and local groups. A reputation for abiding by agreements
is particularly valuable in gaining the benefits of cooper-
ative relationships with regulators and their constituency
groups (Lewis and Henkels 1996; Scholz 1984), and repu-
tation has been demonstrated to affect compliance and the
effectiveness of enforcement in other regulatory settings
(Scholz and Gray 1997). An effective network not only in-
creases the probability that violations will be detected and
punished, but also ensures that allegations and detected
violations will be widely publicized among stakeholders
of interest to the plant.

In sum, contrary to the cooptation hypothesis, the
transformation hypothesis implies that effective local wa-
ter policy networks will increase both NPDES enforce-
ment and compliance rates, even in conservative commu-
nities that would otherwise be expected to favor reduced
rates. By providing a focal point around which concerned
agencies and groups can organize, partnerships both align
interests in support of the NPDES program goals and cre-
ate effective pressures on the enforcement agency and firm
alike. The more organized the network, the greater the ex-
pected impact on compliance and enforcement.

The Empirical Study

Our empirical study extends the political model of reg-
ulatory behavior in two directions. First and foremost,
we incorporate local policy network variables to test the
cooptation and transformation hypotheses. Second, we
utilize the detection-controlled estimation procedure that
overcomes one of the biggest problems facing regulatory
analysis—the problem of analyzing true compliance in
the full population using the potentially biased data of
observed compliance in the subpopulation of inspected
entities. This procedure encourages the healthy trend in
regulatory analysis of simultaneously analyzing policy

outputs (enforcement decisions by regulatory agencies)
and outcomes (compliance decisions by regulated firms
or individuals) (Helland 1998a, 1998b; Mete 2002; Olsen
1995, 1999).

The political model generally relies on deterrence
theory to link the behavior of regulatory agencies and
regulated entities—enforcement actions by the agency de-
termine optimal levels of compliance by regulated enti-
ties. Since policy supporters expect regulatory agencies to
ensure compliance within their area of authority, max-
imizing political support requires the agency to allocate
resources in order to optimally deter not all violations,
but rather optimally deter the kinds of violations that will
cause the most trouble (Scholz and Wood 1998, 1999).
Thus, Scholz and Wood argue that agencies respond “effi-
ciently” to task-related factors by increasing enforcement
activities in areas where marginal returns produce greater
deterrence, but that this allocation is biased to produce
greater enforcement activities in times and geographic
areas dominated by policy supporters than in compa-
rable times and areas dominated by policy opponents.
Since liberal, Democratic areas are likely to respond more
negatively to compliance failures and to provide greater
support for aggressive enforcement efforts in the case of
environmental policies like the NPDES program, we ex-
pect agency preference functions to weigh liberal Demo-
cratic areas most heavily in allocating enforcement re-
sources to deter violations.

Deterrence theory assumes that regulated entities
choose compliance levels based on factors affecting the
costs of compliance and the likelihood that violations
would be detected by the enforcement authority. The po-
litical model adds the assumption that the same politi-
cal influences affecting agency activities also affect reg-
ulated entities. That is, firms (Olson 1995, 1999) and
taxpayers (Mete 2002) increase compliance levels when
pro-regulation forces (usually Democrats) are dominant
and decrease compliance when antiregulation forces (usu-
ally Republicans) win. Deterrence signaling theory (Olson
1995, 1999) explains this surprising political responsive-
ness of firms in terms of imperfect information; given
the uncertainty facing firms in predicting agency behav-
ior, they rely on political signals to estimate likely changes
in enforcement efforts, and they adjust their compliance
investments accordingly. We add that an effective local
policy network favoring regulatory compliance may also
create direct incentives for firms to comply that are inde-
pendent of anticipated regulatory agency sanctions (Mete
2002), as discussed previously.

The analysis focuses on two dichotomous depen-
dent variables, inspections and violations. The first vari-
able reflects the agency’s decision to inspect the plant
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in a given quarter, while the second dependent variable
reflects whether or not the regulated plant’s compliance
decision led to a violation during that quarter. We use the
same definitions of inspections and violations developed
by EPA for their annual reports, which exclude minor
reportable noncompliance from violations. For both de-
pendent variables, our regression models are based on
quarterly plant-level observations. The equations for both
dependent variables include the standard political vari-
ables as well as the local network variables to test the coop-
tation and transformation hypotheses. In addition, the
inspection equation contains task-related variables and
the violation equation contains deterrence-related vari-
ables as well as other control variables described below.
Thus, we can compare the relative impacts of network,
political, task, and deterrence factors on the enforcement
and compliance measures.

Unobserved Violations and
Detection-Controlled Estimation

Perhaps the greatest difficulty in studying regulatory sys-
tems is due to the difficulty in observing violations with
accuracy. As in most enforcement studies, we use reported
violations detected by inspections as the basic measure.
In addition, we also use violations reported by the au-
tomated reporting system, which we will refer to as self-
reported violations. The permit compliance system (PCS)
requires permit holders to report total effluent discharges
every month, and automatically flags reports that exceed
permitted amounts. Even with these two measures of vi-
olations, the problem of undetected violations remains
as a potential source of bias in our analysis. A subset of
permittees with no reported violations may actually be
in violation if these violators have neither been inspected
nor self-reported their violations.

To minimize potential biases in using data based on
observed violations, Feinstein (1990, 1999) developed the
detection-controlled estimation (DCE) method in or-
der to estimate true compliance rates based on violation
rates observed from enforcement actions. In our mod-
ification, information about violations observed for in-
spected plants is used to partition the set of uninspected
plants into likely violators and compliant plants. This pro-
cess also controls for the potential selection bias among
inspected firms, since this selection is not random. We
use Helland’s (1998b) modification of Feinstein’s DCE
which incorporates data from the self-reported viola-
tions as well, as summarized pictorially in Figure 1. The
far-left path refers to the observed category of detected
violations—violators who were inspected and violations

FIGURE 1 Modified Detection Controlled
Estimation
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were observed. The next path to the right refers to the
uninspected violators with self-reported violations. The
third path leads to compliant permit holders who were in-
spected and no violation was found. The final set of mul-
tiple paths leads to the problematic far-right category. The
previous three categories are directly identifiable from the
data, but this final category contains not only the unin-
spected compliers, but also the violators who were not
inspected and also failed to report violations.1

The DCE estimator utilizes information from all cat-
egories in a maximum-likelihood procedure that simul-
taneously estimates the inspection, violation, and self-
reporting equations. Since this technique is relatively new
and unfamiliar in political science, the appendix describes
the procedure in detail. Our remaining discussion de-
scribes the variables used in the inspection and violation
equations, as listed with our results in Table 1.

Data

Data for this estimation is based on quarterly observa-
tions for the period FY 1994–2000 of enforcement and
compliance for all 1,648 major private NPDES permit-
holders with full data in EPA’s Permit Compliance Sys-
tem. We exclude government permit holders because pub-
lic ownership creates different constraints that alter their

1The modified DCE assumes (1) an inspection discovers the true
compliance status of a permit holder, (2) inspections preempt self-
reporting, and (3) compliant plants do not falsely self-report vio-
lations (Helland 1998b). Although inspections do not always ac-
curately observe compliance status, these assumptions resolve the
more serious problem of violations among the uninspected.
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TABLE 1 Maximum-Likelihood Estimation for Inspections and Violations

Independent Variables Inspection Violation

Local Network Context
Local institutions 0.055∗∗∗ (0.003) −0.060∗∗ (0.019)

Voter turnout in the 1996 election 2.028∗∗∗ (0.736) −1.19102 (1.498)

Census response rate in the 2000 Census 1.216 (0.847) −1.444∗∗ (0.678)

Per capita income 0.028∗∗∗ (0.006) −0.040∗∗ (0.017)

Percent college graduate 0.608 (0.414) −1.00131 (0.981)

Percent black residents −0.757 (0.676) 0.410∗∗∗ (0.122)

Percent Hispanic residents −1.612∗∗∗ (0.129) 0.912∗∗∗ (0.152)

agricultural runoff 0.092∗∗∗ (0.014) −0.173∗∗∗ (0.029)

urban runoff 0.005∗∗∗ (0.001) −0.006∗∗ (0.003)

Political Context
Federal legislative preference 0.144∗∗∗ (0.029) −0.409∗∗∗ (0.052)

State government (elite) ideology 0.089∗∗ (0.044) −0.062∗∗∗ (0.161)

State citizen ideology 0.640∗∗∗ (0.103) 0.067 (0.077)

Local Democratic strength 0.073∗∗∗ (0.025) −0.190∗∗∗ (0.045)

Political Interations
Institution × federal legislative preference 0.092∗∗∗ (0.014) −0.039∗∗∗ (0.013)

Institution × state government ideology 0.039 (0.024) −0.023∗ (0.013)

Institution × local Democratic strength — −0.028∗∗∗ (0.010)

Task Variables
State government has primacy on NPDES 0.269∗∗∗ (0.024) —

Percent state budget from federal aid −0.430∗∗∗ (0.058) —

Number of private major permits in the watershed −0.010 (0.013) —

The permittee was in violation last quarter 0.184∗∗∗ (0.026) —

Number of quarters since last inspection 0.034∗∗∗ (0.003) —

Deterrence Variables
Inspected six months ago — −0.070∗∗ (0.033)

Inspected one year ago — −0.058∗ (0.031)

Inspected one and half years ago — −0.017 (0.030)

Inspection rate in the watershed — −0.140∗ (0.081)

Notice of violation six months ago — 0.272∗∗∗ (0.034)

Notice of violation one year ago — 0.134∗∗∗ (0.043)

Selective (sampling) inspection last year — −0.048∗ (0.026)

Fined during last year — −0.328∗∗∗ (0.119)

Control Variables
Compliance cost 0.024∗∗∗ (0.004) −0.110∗∗∗ (0.035)

Compliance cost (squared) — 0.007∗∗∗ (0.002)

In violation one quarter ago — 1.305∗∗∗ (0.048)

In violation two quarters ago — 0.635∗∗∗ (0.048)

In violation three quarters ago — 0.410∗∗∗ (0.053)

Quarter (1) 0.022∗∗∗ (0.020) 0.024 (0.035)

Quarter (2) 0.183∗∗∗ (0.020) −0.029 (0.036)

Quarter (3) 0.377∗∗∗ (0.020) −0.206∗∗∗ (0.046)

Pulp and Paper Industry −0.066∗∗∗ (0.021) −0.262∗∗∗ (0.041)

Steel and Metal Industry 0.068∗∗ (0.031) −0.153∗∗∗ (0.051)

Petroleum Refining Industry 0.109∗∗∗ (0.035) 0.244∗∗∗ (0.049)

Violation rate in the watershed −0.171∗ (0.090) —

Southeastern states −0.046∗ (0.025) —

Constant −1.820∗∗∗ (0.457) −1.449∗∗∗ (0.548)

N 37688 37688

LL −29617.3 −29617.3

Correct prediction 77.49% 78.25%

Note: ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.10. Standard errors in parentheses.



LOCAL POLICY NETWORKS 87

responses to enforcement, and we exclude minor permit
holders because of inconsistencies in data and because
the majors account for the lion’s share of permitted ef-
fluents. We will refer to these nongovernmental permit
holders as plants. Given our primary concern with policy
networks within natural ecosystems that shape the policy
coordination problem, community-related data affecting
a given permit holder in a given quarter are measured at
the watershed level using the eight-digit hydrological unit
codes (HUC) developed by the U.S. Geological Survey.
We use the HUC geographic location data in the PCS to
combine enforcement, violation, and permit characteris-
tics from the PCS with data from census and other sources
for the 611 watersheds in 48 states in which the sampled
permit-holders are located.

Local Network Context

To test the transformation hypothesis that effective local
networks increase inspection and decrease violation rates,
we include two types of network measures. The most di-
rect measure focuses on the presence of local institutions
dealing with water issues, since these institutions provide
visible evidence of a relatively advanced level of policy net-
work development. The Local institutions variable sums
the number of watershed partnerships identified in the
CTIC survey for the relevant watersheds. Since these part-
nerships tend to be underrepresented in rural districts, we
also add the number of Soil and Water Conservation Dis-
tricts (SWCD) in the watershed. The first of these insti-
tutions reflects the kind of voluntary institution building
described above and the second reflects one of the oldest
attempts by the federal government to develop local ca-
pabilities to govern water resources in rural communities.
The result is a variable that averages about two institutions
per watershed and equals zero for watersheds one stan-
dard deviation below the mean and 6.25 for watersheds
one deviation above the mean.

Obtaining direct survey-based measures of local pol-
icy networks in all watersheds would be prohibitive, so
we develop network proxy measures to represent the ex-
pected size and effectiveness of local networks. Lubell et al.
(2002) demonstrate that factors affecting the “transaction
costs” of developing and maintaining networks, insti-
tutions, and other forms of collective action provide
significant predictors of watershed partnerships. By in-
cluding measures both of observed institutions and of
the background variables associated with these insti-
tutions, the coefficient for the institution variable re-
flects the specific contribution of a more formalized
institution, while the coefficients for watershed charac-
teristics provide a proxy for the added contribution from

unobserved informal networks likely to evolve in the
watershed.

These background variables primarily reflect social
capital factors that reduce transaction costs. We include
two measures of citizen participation in government—
voter turnout in previous presidential election, and cen-
sus response rate in the 2000 Census—that are expected
to enhance social capital (Putnam 2000). We also include
income and the percentage of college graduates to re-
flect economic and educational conditions conducive to
more extensive networks.2 Watersheds with higher social
and economic capital are expected to have more effec-
tive networks that will demand more stringent enforce-
ment, so positive coefficients would confirm the hypoth-
esized transformation effect. We also include a measure
of heterogeneity—the proportion of black and Hispanic
residents—that creates a barrier to effective network or-
ganization (Lubell et al. 2002), so we expect negative co-
efficients for both measures. In addition to these social
capital indicators, we include two measures reflecting the
extent of the unregulated pollution problem that trans-
lates into greater potential benefits if local actions can
control the problem. Both urban and industrial runoff
are major contributors to nonpoint source pollution, and
therefore are particularly likely to motivate both greater
network action and greater pressure within the network
to control NPDES pollution.3

Political Context

Political context variables retest the general finding that
liberal political influences lead to greater probability of
inspection and lower rates of violation. On the federal
level, we use the League of Conservation Voter scores for
the House member representing the Congressional dis-
trict in which the permit holder is located. Since state
agencies enforce permit agreements under EPA super-
vision, both state and local officials have direct over-
sight links with enforcement agencies. On the state level,
we use the measures developed in Berry et al.’s (1998)
state government ideology studies to represent ideology

2Census data are all aggregated to watershed levels. Per capita in-
come was rescaled to $1,000,000 for faster maximum likelihood
convergence. Percentages of black and Hispanic residents and of
college graduates are squared to capture the indicated nonlinear
relationship.

3Measures of urban and agricultural runoff are taken from EPA’s
Index of Watershed Indicators (http://www.epa.gov/iwi/, October
1998 release). Agricultural runoff is a composite index that consists
of three components: nitrogen runoff potential, sediment delivery
to rivers and streams, and pesticide leaching/runoff. Urban runoff
indicates the % of land area per watershed that has greater than
25% imperviousness.



88 JOHN T. SCHOLZ AND CHENG-LUNG WANG

positions of state elites. On the local level, we use the pro-
portion of Democratic votes in the previous presidential
election to measure the local dominance of Democratic
voters. Note that preference scores of House representa-
tives and Democratic strength are both interpolated to
the watershed level on the basis of population propor-
tions common to watersheds and to the relevant political
jurisdictions.

By including political measures in both equations, the
coefficients for local institutions and networks estimate
the direct impact on inspections and violations, indepen-
dent of the partisan influences estimated by the political
variables. To provide a complete test of the cooptation ver-
sus transformation hypotheses, we include an interaction
term between local institutions and state/federal/local po-
litical variables (Political interactions) in both equations.4

Significant positive coefficients for the interaction terms
would indicate that local institutions magnify the strength
of local political cultures.

Task Variables in the Inspection Equation

The inspection equation includes task variables to test the
extent to which the agency allocates inspections to op-
timize deterrence effects. The most important variable
is past noncompliance by the permit holder, represented
as a dummy variable of violations in the previous quar-
ter. As Scholz and Wood (1998) noted, effective enforce-
ment agencies presumably target previously identified
noncompliers. In addition, we include measures of the
time since the last inspection, which should have a posi-
tive effect on inspections if the agency is monitoring firms
efficiently, and the number of permittees in the watershed,
which increases workload and would presumably have a
negative impact on inspections. Finally, we include two
measures reflecting the relative state-level support given
to enforcement efforts, one reflecting the successful ap-
plication by the state to take over enforcement functions
(primacy) and the other reflecting the dependence of the
state enforcement effort on federal funding—the former
should have a positive impact and the latter a negative
impact on inspections.

Deterrence Variables in the Violation
Equation

We test for the direct deterrence effects of enforcement
actions on violations by using a set of dummy variables

4The interaction including local Democratic strength was dropped
from the inspection equation due to potential multicollinearity
problems.

representing past enforcement actions against the spe-
cific permit holder in the previous year, including gen-
eral inspections, intensive sampling inspections,5 warning
of violations, and fines. Generally, enforcement actions
should impact compliance with decreasing magnitudes
as we go from fines (producing the greatest deterrence
threat) to warnings of violations and intensive inspec-
tions to more general inspections (producing the least
deterrence threat). We also test for general deterrence ef-
fects by including the aggregate number of inspections in
the watershed during the previous year. Note that we ex-
clude the task variables from the violation equation in part
to meet the identification requirement for the system of
equations, but also because the deterrence variables in the
equation measure agency capabilities that directly affect
the permit holder. Deterrence variables provide a more
direct estimation of the impact of actual administrative
outputs on violations than the more general task proxies
can provide.6

Control Variables

To control for other factors known to influence inspec-
tions and violations, we include dummy variables repre-
senting seasonal effects and important industry sectors in
both inspection and violation equations. A dummy vari-
able in the inspection equation accounts for the poten-
tially unique political environment in the 11 southeastern
states, where regulatory enforcement has generally lacked
vigor.7 Previous studies have found that compliance costs
and past violations have robust effects on a firm’s cur-
rent status of compliance, reflecting the lengthy and costly
process required to make the changes necessary to return
to compliance (Helland 1998a; Magat and Viscusi 1990).
To control for this path dependence, lagged dependent
variables representing noncompliance during the previ-
ous three quarters are included in the violation equation.
The cost of compliance is represented by natural log of
annual effluent discharges in tons. The lagged dependent
variables also control for other unmeasured effects on

5Compliance sampling inspections are the most resource intensive
of EPA’s general inspections, and may therefore be more likely to
detect violations.

6When task variables are added to the violation equation reported
in Table 1, primacy reduces violations (coefficient = .9) and de-
pendence on federal aid increases them (−.38), as expected. The
impact of the lagged inspection variables become more marginal
in significance when these proxies for administrative capacity are
included, but the larger deterrence effects from inspection rates,
citations, and fines and all other results are not affected.

7These eleven states are Alabama, Arkansas, Florida, Georgia,
Kentucky, Louisiana, Mississippi, North Carolina, South Carolina,
Tennessee, and Virginia
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violations. Violations are accounted for in the inspection
equation by the violation rate in the watershed as well as
specific violations of the plant in the third quarter. These
variables not only guard against spurious effects from
factors found to influence inspections in other research,
but the difference in controls between the equations also
mitigate the identification problem of estimating simulta-
neous equations with the overlapping set of theoretically
most interesting variables.

The Self-Reported Violation Equation

We include a self-reporting equation to take full advantage
of available information in the detection-controlled esti-
mation process. The results are reported only in appendix
Table A1, since our primary focus is on violations and not
on this self-reporting process. We follow Helland (1998b)
to model a violator’s probability of self-reporting viola-
tions as a function of past detected effluent violations and
past violations related to late- or nonfiling of the required
monthly discharge monitoring reports.

Results

The results of simultaneously estimating the probability
of inspection, violation, and self-reporting are reported
in Table 1 for inspections and violations and in Appendix
Table A1 for the self-reporting equation.8 Since the esti-
mated coefficients in probabilistic models are difficult to
interpret, we summarize in Table 2 the estimated percent-
age of firms that are in violation and that are inspected
when each variable of interest is set at low and high val-
ues (one standard deviation below and above the mean,
or zero and one for dichotomous variables) and all other
variables are held at their mean (or mode for dichotomous
variables). The third column under each dependent vari-
able indicates the change in percentage in moving from
low to high values, and the stars indicate the significance
level of the coefficient in the estimated equation. Since
we are interested in the relative magnitude of effects from
policy networks, political context, and deterrence (for vi-
olations) and task context (for inspections), we have also
calculated the overall change for each group when all vari-
ables in the group shift from low to high.

8Maximum likelihood estimates were obtained by using the BHHH
(Berndt, Hall, Hall, and Hausman) algorithm to calculate the
asymptotic covariance matrix of parameter estimates and standard
errors, with tolerance set to 10−4. Several sets of starting values have
been tried to verify the stability of global maximum.

The results provide a picture consistent with much
of the literature on regulatory behavior in which agencies
respond to political and task contexts and firms respond
to political and deterrence measures. We will first discuss
our focal issue of local networks and then consider more
briefly the other factors.

Local Network Context

Overall, the results confirm that local networks deserve
an equal place along with the already recognized influ-
ence of the political context and the task and deterrence
settings for the role they play in shaping both regulatory
outputs and compliance outcomes. The strongest case is
provided by the count of local institutions, which is sig-
nificant in both equations. Local institutions increase in-
spection rates from 24% to 45% and decrease violation
rates from 21% to 9% in moving from zero to 6.25 in-
stitutions (from the lowest value one standard deviation
below to one standard deviation above the mean count of
2.3). This difference is the highest for any single variable in
both equations, confirming that institutions strongly in-
fluence both agency and firm behavior. Since deterrence
measures included in the violation equation are them-
selves increased by local institutions, the drop in viola-
tions from 21% to less than half that rate (9%) estimates
only the direct impact of local institutions. The full effect
of local institutions on compliance would include some
proportion of the overall deterrence impact as well.

The indirect measures included to proxy for other
characteristics of local networks suggest that the informal
networks contribute additional motivation to enforce-
ment and compliance above and beyond the impact of
formal institutions. As a group, the local network vari-
ables account for a far greater difference in inspections
(42%) and violations (−36%) than either political, task,
or deterrence measures included in this study. As expected,
the transaction cost proxies for networks—voter turnout,
census response, college graduates, income, and urban
and rural runoff—all increase inspections and decrease
violations, although they differ in their significance across
the two equations. The heterogeneity indicators—percent
black and Hispanic—decrease inspections and increase
violations, consistent with the hypothesis that heterogene-
ity reduces the effectiveness of policy networks.

The inference from network proxies should be treated
cautiously for two reasons. First, alternative interpreta-
tions suggest that some of the social capital indicators
may reflect “post modern” preferences for clean water
and other environmental policies associated with higher
income and education, the runoff indicators may simply
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TABLE 2 Changes in the Predicted Probabilities of Inspection and Violation

Inspection Violation

Variable Low High Difference Sig Low High Difference Sig

Local Network Proxies
Overall 13.2% 54.7% 41.5% 38.6% 2.9% −35.7%
Local Institutions 23.8% 44.7% 20.9% ∗∗∗ 20.5% 9.1% −11.4% ∗∗

Voter Turnout 31.9% 36.9% 5.0% ∗∗∗ 17.1% 13.3% −3.8%
Census Response 31.9% 36.7% 4.8% 16.9% 12.7% −4.2% ∗∗

Percent Black 34.2% 27.9% −6.3% 13.5% 14.5% 1.0% ∗∗∗

Percent Hispanic 35.4% 29.8% −5.6% ∗∗∗ 12.3% 15.6% 3.3% ∗∗∗

College Graduate 30.5% 33.8% 3.3% 14.9% 11.8% −3.1%
Income 27.1% 36.9% 9.8% ∗∗∗ 18.1% 9.3% −8.8% ∗∗

Agricultural Runoff 28.2% 35.8% 7.6% ∗∗∗ 18.2% 9.2% −9.0% ∗∗∗

Urban Runoff 31.1% 31.9% 0.8% ∗∗∗ 13.5% 12.4% −1.1% ∗∗∗

Political Context
Overall 27.5% 46.9% 19.4% 25.2% 5.8% −19.4%
Federal Legislative Preference 31.6% 35.9% 4.3% ∗∗∗ 16.3% 10.5% −5.8% ∗∗∗

State Government Ideology 33.1% 35.5% 2.4% ∗∗ 18.8% 8.8% −10.0% ∗∗∗

State Citizen Ideology 31.6% 38.5% 6.9% ∗∗∗ 13.0% 13.4% 0.4%
Local Democratic Strength 34.1% 35.8% 1.7% ∗∗∗ 15.2% 11.4% −3.8% ∗∗∗

No(0)/Low Yes(1)/High Difference Sig No(0)/Low Yes(1)/High Difference Sig

Task Proxies
Overall 28.0% 56.1% 28.1% — — —
State primacy 33.6% 43.4% 9.8% ∗∗∗ — — —
Federal aid to state 35.9% 31.1% −4.8% ∗∗∗ — — —
Number of permits in watershed 34.0% 32.9% −1.1% — — —
Permittee in violation last quarter 33.4% 40.2% 6.8% ∗∗∗ — — —
Time since last inspection 30.7% 36.3% 5.6% ∗∗∗ — — —

Deterrence Measures
Overall — — — 13.2% 3.8% −9.4%
Inspected six months ago — — — 13.2% 11.7% −1.5% ∗∗

Inspected one year ago — — — 13.2% 12.0% −1.2% ∗

Inspected one and half years ago — — — 13.2% 12.8% −0.4%
Inspection rate in the watershed — — — 13.2% 10.4% −2.8% ∗

Ssampling inspection last year — — — 13.2% 12.2% −1.0% ∗

Fined during last year — — — 13.2% 7.3% −5.9% ∗∗∗

Mean Prediction 35.62% 14.24%

Note:
1. Predicted probabilities are computed with other variables held at their means (for continuous variables) or modes (for dummy variables)
2. Overall effects are calculated by letting independent variables of the same category (e.g., networks, political context, and task) have a
consistent direction of influence on the dependent variables. For instance, we calculate overall effect of increases in network proxies on
predicted probabilities by letting both black and Hispanic vary from high to low while allowing other proxy variables to move from low to
high at the mean time.
3. Significance of coefficients is indicated in column labeled Sig.: ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.10.

reflect motivating characteristics not related to post mod-
ern preferences, and the heterogeneity indicators are also
consistent with the social justice literature that emphasizes
minority status as causally connected to greater pollution
(Ringquist 2001). Although our research design cannot

distinguish whether the variables operate as preference
and resource indicators or network proxies, the impact
of preferences is likely to be mediated by networks in any
case, suggesting that both explanations are likely to play a
role in the observed effects.
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Second, network dynamics require more elaborate
longitudinal research design and better measures of net-
work characteristics to provide a fully conclusive test of
the causal linkage between effective networks and higher
enforcement and compliance rates. The positive impact
of local institutions is less in doubt, since Lubell et al.
(2002) find that the creation of partnerships is nega-
tively related to enforcement rates. This would suggest
that there were lower enforcement rates prior to the es-
tablishment of the partnerships in the watersheds where
partnerships formed, which would suggest that our es-
timates may underestimate the positive impact of part-
nerships, if anything. To firmly establish the reputational
and enforcement-supporting role of policy networks that
do not have a formal institutional presence, on the other
hand, both a stronger theory of network characteristics
associated with such capacities and better measures of
these characteristics will be required.

In sum, the local institution variable provides per-
suasive evidence that formalized local policy institutions
have significant impacts on enforcement and compliance.
The remaining variables at least suggest that informal net-
works may also be very important, perhaps even more
important than the presence of formal institutions. Al-
though we cannot in this analysis distinguish what part of
the large influence from these proxy variables truly rep-
resents local network development and what represents
other factors also connected with these variables, our find-
ing should encourage the ongoing search for a stronger
theory about specific characteristics that identify effec-
tive informal networks and a research design capable of
measuring and testing the impact of those characteristics
(Burt 2000).

Political Context

The impact of the political context on agencies offers little
surprise, with inspection rates falling from 47% in a pre-
dominantly liberal environment to 28% in a conservative
one. Federal, state, and local factors all contribute signif-
icantly to this change. State citizen ideology accounts for
the greatest difference, followed by federal and state gov-
ernment preferences and finally by local Democratic Party
strength. However, these measures are not sufficiently
precise to establish anything beyond an impressionistic
image of the relative impact of citizen versus elected offi-
cial ideology at each level. What is perhaps more surpris-
ing is that the local institutions variable alone accounts
for the same magnitude of change (21%) as the com-
bined impact of changes in all political context variables
(19%).

The strong political impact on violation rates is less
familiar in political science, although it is consistent with
prior research (Mete 2002; Olsen 1999). Expected viola-
tion rates increase from 6% in predominantly liberal com-
munities to 25% in conservative ones, a fourfold increase
over the liberal community. This difference is twice as
large as the expected difference in moving deterrence val-
ues from lax to stringent, which reduces violations from
13% to 4%. Some of the political effect is undoubtedly due
to signaling (Olsen 1999), in which firms use political sig-
nals as proxies for expected levels of enforcement. But the
magnitude of the political effect even after controlling for
observed levels of enforcement suggests that even a modi-
fied deterrence theory cannot explain this impact without
considering alternative ways in which the political context
and political culture influence the willingness to comply
with the laws of the state.

Deterrence and Task Context

Consistent with other compliance studies (Gray and
Scholz 1993), fines imposed on the firm in the past year
change expected current violation rates by the largest
amount, from 13% in firms with no fines to 7% when
the average firm was fined. The general and specific de-
terrence of inspections without fines is less consistent in
compliance studies (Gray and Scholz 1993), although we
find evidence here that both are significant in NPDES in-
spections. In particular, the general deterrence measure
of inspection rates within the watershed has substantial
impacts, changing violation rates by 3%. Controlling for
these factors, past inspections lead to a relatively small de-
crease in violations in the inspected firms, but nonetheless
have statistically significant impacts.

Turning to task impacts on agency behavior, all co-
efficients were in the expected direction and four were
significant. The overall impact of a two-deviation change
in task variables doubles inspection rates from 28% in
unfavorable task environments to 56% in more favor-
able ones. This difference of 28% in inspection rates
is greater than the 19% increase accounted for by the
political context variable, which is consistent with the
argument that task-related principles are at least as impor-
tant as political principals in explaining agency behavior
(Scholz and Wood 1998). Of course, this comparison
is by no means conclusive in weighing the relative im-
pact of political and task factors. State primacy and
dependence on federal aid are task factors that reflect
past political decisions, for example, suggesting the com-
plexity of the relationship between task and political
variables.
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Do Local Institutions Magnify or Transform
Political Culture?

The model reported in Table 1 includes interaction terms
between local institutions and political context variables
to test whether these institutions simply magnify political
effects of the existing political culture or transform that
culture for issues relevant to the institution. Since inter-
action coefficients are difficult and potentially misleading
to interpret directly for dichotomous dependent variables
(Berry 1999), they were not included in Table 2. Figure 2
portrays this interaction by presenting the estimated in-
spection and violation rates at low and high values of
local institutions for liberal and conservative communi-
ties, holding all other variables at their mean. Note that
the lower line represents conservative areas for inspec-
tions and liberal areas for violations, since conservatives
were found to depress inspection rates and increase vio-
lation rates in comparison with liberals. We have added
a dotted line to illustrate a hypothetical case with a pure
cooptation effect in which differences between liberal and
conservative communities diverge as institutions grow
stronger.

The bold lines in Figure 2 indicate stronger support
for the transformation than the cooptation hypothesis,
since an increase in local institutions increases inspection
rates and decreases violation rates in liberal and conser-
vative communities alike. These institutions transform
interests to such an extent that permit holders in con-
servative communities with well-developed local insti-
tutions have about the same probability of inspections
and violations as those in liberal communities with no
institutions.

There is a small cooptation effect for inspections,
however, since the difference between the conservative
and liberal communities increases from a difference of
14% with no local institutions to a difference of 18% with
more local institutions—a magnification of 4 percentage
points. On the other hand, the difference in violation rates
actually diminishes from a difference between conserva-
tive and liberal areas of 24% with no institutions to a
difference of only 9% with more institutions.9 Contrary
to the cooptation hypothesis, increasing the number of
institutions substantially decreases the difference in vio-
lation rates.

9The negative interaction among political and local institution vari-
ables in determining the probability of violation occurs despite
three significant positive interactions among variables in influenc-
ing the latent unbounded variable (Table 1). As Berry, Berkman and
Schneiderman (2000) note and Berry (1999) discusses at greater
length, statistical significance of the interaction term in such cases
is only of interest if the underlying latent variable rather than the
observed rate is of interest.

In sum, the major story is that local institutions trans-
form existing interests in a manner that is consistent
with the goals of the federal agency, effectively increasing
inspections and decreasing violations regardless of the
political characteristic of the area. The results are con-
sistent with our hypothesis that the development of a
coherent local policy network transforms interests as it
increases the likelihood of successful collaborative resolu-
tion of the underlying policy problem. Although compe-
tition over resources continues among members of local
water policy networks, the search for solutions provid-
ing greater joint gains includes as a prominent solution a
preference for compliance with existing regulations. The
greater the reduction in pollution from NPDES compli-
ance, the greater the degrees of freedom in policy choices
open to the network.

We note in passing that enhanced NPDES effective-
ness does not imply enhanced efficiency in the allocation
of enforcement resources. Since local networks enhance
compliance independently of agency resources, marginal
returns for agency enforcement resources may actually be
greater in less organized areas, suggesting that an efficient
agency would reallocate resources away from more orga-
nized areas. Yet we observe the opposite to be true. This
problem is most evident in the most liberal communi-
ties in Figure 2, where violation rates are already so low
that additional enforcement resources are unlikely to have
much impact at all. In this case, agency responsiveness to
local networks favors those communities most capable of
resolving problems on their own, not those communities
most in need of federal resources.

Conclusion

We find evidence that local institutions and the policy
networks that spawn them significantly alter both the be-
havior of federal and state agencies and their ability to
regulate firms. Instead of simply magnifying the effect
of local political cultures, however, local institutions al-
ter the strategic choices of actors in ways that transform
their relationship with federal and state regulators. In par-
ticular, local water policy networks complement federal
regulations, enhancing bureaucratic outputs and compli-
ance outcomes even in conservative areas that otherwise
tend to undermine enforcement efforts.

We argue that this observed complimentarily between
local and federal interests arises from the specific prob-
lem that drives the development of local water policy
networks—mitigating stress from competition over wa-
ter resources by coordinating the otherwise fragmented
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FIGURE 2 Local Institutions Increase Inspections and Decrease
Violations in both Liberal and Conservative Communities
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Liberal and conservative areas are calculated to be one standard deviation above (liberal) or below
(conservative) the mean for all political variables and the comparable range of institutions for
low and high values corresponds to the zero to 6.25 value range for local institutions that was
used in Table 2.

authorities governing those resources. Whether similar
complementarity will develop from local institutions in
other policy arenas, as proponents of community-based
consensual institutions argue, depends on the incentives
at play in local policy networks.

For regulatory analyses, the detection-controlled es-
timation procedure we utilize reduces one major imped-
iment to the simultaneous study of regulatory agencies
and regulated entities, for it allows the use of enforcement
records to analyze observed as well as unobserved viola-
tions. The broader picture that emerges from our analy-
sis is that of a highly interdependent regulatory arena in
which formal institutions of government provide only one
part of the picture. Formal, authoritative political controls
(including task variables that reflect the assigned statutory
goals of the agency) explain a good part of the variance
in how laws are enforced, and formal enforcement ac-
tions explain a good part of the variance in how regulated

facilities respond to the law. But equally important are
the informal political influences as transformed by local
policy networks on both enforcement and compliance.

For watershed partnership analyses, the significant
impact on enforcement and compliance rates supports
the general policy assumption that appropriately designed
local institutions can play an effective role in manag-
ing natural resources. The transformation effect sug-
gests that interactions within these local institutions not
only enhance the network’s effectiveness in dealing with
environmental problems, but might also transform local
preferences to enhance the breadth of support for such
policies. At the same time, the ability of local networks to
demand a greater share of federal resources highlights the
problem of dealing with local areas that are less organized
and less endowed with social capital.

Our results underscore the importance of devel-
oping a better understanding of local policy networks
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that appear destined to play an increasing role in public
policy. Empirically, we need more precise descriptions
of the informal and formal collaborative devises that we
have referred to loosely as networks, and studies linking
these networks and institutions directly to observed envi-
ronmental improvements and enhanced policy support.
Theoretically, we need clearer analyses of the character-
istics of networks that affect their capacities to enhance
collective decision mechanisms and improve the welfare
of network members. To validate resultant hypotheses in
empirical settings, we need to develop a consensus on
conceptually relevant network measures of these charac-
teristics. Pragmatically, we need to understand how fed-
eral policies can incorporate the potential advantages of
informal policy networks illustrated in this study while
avoiding the potential conflicts likely to appear in other
settings.

Appendix
Detection-Controlled Estimation

The detection-controlled estimation shown in Figure 1
consists of three equations—violation, inspection, and self-
reporting . The violation and self-reporting equations referQ1

to a permit holder’s compliance decision. The inspection
decision refers to the EPA’s inspection decision.

Violation Equation

We adopt a latent variable approach of a binary-choice
model to model the probability of violation. Let a latent
variable Violation (Y ∗

1i) denote the probability that the
ith permit holder is in noncompliance or violation. Y ∗

1i is
explained by a vector of independent variables X1i (e.g.,
local network proxies, political context, and deterrence
measures) and an error term ε. This gives:

Y ∗
1i = X1i �1 + ε1i

Y1i =
{

1 (in violation) if Y ∗
1i > 0

0 (in compliance)

where Y 1i is the observed binary compliance status of
the permittee; ε1i is the disturbance term assumed to be
normally distributed, ε1i ∼ N(0, 1); and �1 is the col-
umn vector of parameters to be estimated. (We omit the
subscript for time periods here for simplicity.) Under the
distributional assumption on the error term ε1i, the prob-
ability of violation equals P r (Y 1i = 1) = Pr(X1i�1 +
ε1i > 0) = V(X1i �1), where V (•) is the cumulative nor-
mal distribution function for the violation equation. Con-

sistent with the fact that 0 ≤ V(•) ≤ 1, the probability of
compliance is simply 1 − V(X1i �1) or V(− X1i �1).

Inspection Equation

We use the same approach to specify an agency’s decision
to inspect the ith permit holder. A latent variable Inspec-
tion (Y ∗

2i) denotes the probability that the ith permittee
was inspected. This latent variable is modeled by another
vector of independent variables X2i (e.g., local networks,
political context, and task measures) and random errors
(ε2i) such that:

Y ∗
2i = X2i �2 + ε2i

Y2i =
{

1 (the permittee was inspected) if Y ∗
2i > 0

0 (the permittee was notinspected)

where Y 2i is the observed indicator for inspection and
ε2i follows normal distribution. Thus, the probability of
inspection I(X2i�2) is the cumulative normal distribution
function for the inspection equation.

Self-Reporting Equation

Finally, the self-reporting equation explains a permit
holder’s decision to self-report its violations. Let Y ∗

3i and
Y 3i be the latent Self-Reporting variable and its observed
indicator respectively, then it gives:

Y ∗
3i = X3i �3 + ε3i

Y3i =




1 (the permittee reported its violations)

if Y ∗
3i > 0

0 (the permittee did not report its violations)

The probability of self-reporting can be denoted by
S(X3i�3) where S(•) is the cumulative normal distri-
bution function for the self-reporting equation. Self-
reporting is also modeled by a vector of independent
variables X3i (e.g., local networks, past compliance his-
tory, and economic factors) and random errors (ε3i).

The detection-controlled estimation deals with the
problem of partial observability by deriving five mutually
exclusive log-likelihood functions to capture the different
events depicted in Figure 1: (1) detected violations (DV ),
(2) inspecting a compliant facility (IC), (3) self-reported
violations (SR), (4) undetected violation (UDV ), and (5)
not inspecting a compliant plant (NIC).

1. The log-likelihood function of detected violation
(DV ):

lnLDV =
∑
i∈DV

log[V(X1i �1)I (X2i �2)] (1)
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2. The log-likelihood function of inspecting a compliant
firm (IC):

lnLIC =
∑
i∈IC

log{[1 − V(X1i �1)]I (X2i �2)} (2)

3. The log-likelihood function of self-reported violation
(SR):

lnLSR =
∑
i∈SR

log{V(X1i �1)[1 − I (X2i �2)]S(X3i �3)}

(3)

4. The log-likelihood function of undetected violation
(UDV ):

lnLUDV = ∑
i∈UDV

log{V(X1i �1)[1 − I (X2i �2)]

× [1 − S(X3i �3)]} (4)

5. Finally, the log-likelihood function of not inspecting
a compliant permit-holder (NIC):

lnLNITC =
∑

i∈NIC

log{[1 − V(X1i �1)][1 − I (X2i �2)]}

(5)

As noted previously, the fourth and the fifth situa-
tions (i.e., undetected violation and a true compliant per-
mittee without being inspected) are not distinguishable
in official PCS records and are therefore observationally
equivalent. Combining these two likelihood functions (4
and 5) makes the full information of log-likelihood func-
tion specified as

lnLDCE =
∑
i∈DV

log[V(X1i �1)I (X2i �2)]

+
∑
i∈IC

log[V(−X1i �1)I (X2i �2)]

+
∑
i∈SR

log[V(X1i �1)I (−X2i �2)S(X3i �3)]

+
∑

i∈(UDV∪NIC)

log[V(X1i �1)I (−X2i �2)

× S(−X3i �3) + V(−X1i �1)I (−X2i �2)]
(6)

The full log-likelihood function given by Equation
(6) enables us to estimate the three equations of interests
(violation, inspection, and self-reporting) simultaneously
even though violations are only partially observable in
the data. Equation (6) can be estimated by maximum-
likelihood estimation if it is identified. Feinstein (1990,
1999) and Helland (1998b) have shown that a DCE model
is identified if two conditions are satisfied: (1) A para-
metric distribution can be specified for the link or error
function, and (2) at least one explanatory variable in each
of these three structural equations needs to be continu-
ous and unbounded. As noted previously, we use a probit

TABLE A.1 Maximum-Likelihood Estimation
for Self-Reporting Violation

Independent Self-Reporting
Variables Violation

Local institutions 0.129∗∗ (0.055)
Compliance cost 0.056∗ (0.032)
In violation one quarter ago 0.039 (0.187)
In violation two quarters ago −0.211 (0.196)
In violation three quarters ago 0.559∗∗ (0.251)
Inspected but no violation found

one quarter ago
−0.443∗∗∗ (0.141)

Inspected but no violation found
two quarters ago

−0.466∗∗∗ (0.127)

Inspected but no violation found
three quarters ago

−0.475∗∗∗ (0.121)

Failed to submit DMR one quarter
ago

−1.291∗∗∗ (0.148)

Failed to submit DMR two quarters
ago

−0.175 (0.199)

Failed to submit DMR three
quarters ago

−0.642∗∗∗ (0.209)

Constant 0.859∗∗∗ (0.282)
N 37688
LL −29617.3
Correct Prediction 70.25%

Note: ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.10. Standard errors in
parentheses.

link function (normal distribution) to model three binary
choice models. Thus, the first requirement of identifica-
tion is satisfied. The second requirement is also satisfied as
we included at least one continuous independent variable
for each equation.
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