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Introduction

The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services states in its Global Assessment Report (Brondizio et al., 2019) that 25%
of species in assessed animal and plants groups are threatened and that 1 mil-
lion species already face extinction within decades, a rate which amounts to up
to hundreds of times the average extinction rate over the past 10 million years.
The uncertainty and risks associated with the scale and speed of biodiversity loss
require urgent and effective action from national governments (Dasgupta, 2021).

In December 2022, the parties to the Convention on Biological Diversity
adopted the Kunming-Montreal Global Biodiversity Framework, which calls for
conserving 30% of the Earth’s land area and restoring 30% of previously de-
graded ecosystems. Reaching these targets is a necessary step to halt the ongoing
extinction rates. Still, they incur significant economic costs in terms of forgone
opportunities to exploit land area and natural resources. Offsetting mechanisms
can alleviate the total costs by allowing environmental impacts in some locations
while requiring a commensurate environmental improvement elsewhere. In par-
ticular, market-based offsetting policies have a strong potential to reduce the costs
of biodiversity conservation (OECD, 2016).

In this thesis, I study market-based biodiversity conservation policies in the
context of the wetland compensatory mitigation program under the US Clean
Water Act. The program requires developers to compensate for adverse impacts
on wetlands by purchasing credits that specialized firms have generated in ad-
vance from wetland conservation activities. As a result, the program has created
a thriving private conservation industry.

Several aspects of the performance of the mitigation banking program remain
ambiguous. First, it is unclear whether the program is achieving its long-standing
environmental goal of no net loss of wetland area or functions. Second, within
the market-based program, a developer has the option to realize a conservation
project instead of resorting to buying credits, and it is ambiguous in which condi-
tions resorting to this option is preferable to using the market mechanism. Third,
the geographic extent of the Clean Water Act has been contested in courts and is
under significant political debate. The economic costs of the program at various
margins are ambiguous, and so are the effects of the market-based compensatory
mitigation program in alleviating these costs. In this work, I engage with these
questions, with each forming the main focus of a chapter.

In the first chapter, Evaluation of Wetland Area Gains and Losses under the US
Clean Water Act (with Jessica Coria, Jodo Vaz, and Yann Clough), we evaluate



environmental outcomes in the compensatory credit markets. We measure wet-
land area gains at 400 compensation sites over 1995-2020 using a combination of
high-resolution satellite imagery and land cover change data. This study makes
two novel contributions: we estimate the causal impact of offsetting projects
on environmental outcomes robustly, and we use these estimates to provide a
program-wide evaluation of a no-net-loss target. Comparing realized compen-
sation projects to planned but withdrawn projects in a difference-in-differences
framework, we find that the dedicated conservation activities are additional to
a baseline scenario where the activity did not receive funding from the federal
scheme.

There is significant heterogeneity in our estimates across the administrative
regions of the regulatory program. Wetland area gains are the highest in regions
with an abundance of low-cost agricultural land that can be converted to wet-
lands. Conversely, in regions with less available agricultural land for conversion,
firms choose to earn compensation credits by improving the functions of existing
wetlands instead of establishing new wetland areas. In other words, the market
mechanism allocates the type and location of conservation activities according to
the opportunity cost of land use.

The magnitude of the estimated wetland area gains appears insufficient to
compensate for the wetland area losses regulated within the program. This makes
it unlikely that the program will achieve its environmental goals in the long term.
Notably, our analysis is based on an optimistic scenario where the compensa-
tion activities perfectly succeed in recreating natural environments comparable
to those that were lost due to economic development. Deviations from this as-
sumption will render the implications of our results even less favorable. In other
words, our estimates should be considered a lower bound regarding their impli-
cations on the net losses of wetland area and functions. Further research on the
program should scrutinize the degree of ecological equivalence between the lost
wetland resources and the compensation projects.

In the second chapter, The Choice of Mechanism for Biodiversity Offsetting (with
Jodo Vaz and Jessica Coria), we develop a theoretical model of a market approach
to compensating ecological damages. It is unclear whether market-based instru-
ments, such as banking mechanisms that entail third-party offsets for develop-
ers to purchase, hold significant promise for implementing no-net-loss regula-
tion at least cost, relative to the conventional command-and-control approach of
developer-led offsets. In this paper, we provide a theoretical examination of the
costs and benefits of the two approaches. We find that (1) if offsets by banks are of
insufficient quality relative to developer-led offsets, a large enough market could



compensate for the lack of equivalency due to cost-savings from market expan-
sion, and (2) if entry costs are positively correlated with restoration quality, the
market could hold banks of low quality, which is an outcome that favors the rel-
ative performance of developer-led offsets. We illustrate our results empirically
in the case of the US wetland mitigation program. We find that differentials on
offset quality and the opportunity cost of land have a clear positive association
with the choice of offsetting mechanism. We also find that these differentials are
positively associated with the number of credit providers and credit surplus in
the mitigation market.

In the third and final chapter, The Effect of Water Resource Protection on Con-
struction Employment in the United States, I analyze the economic effects of recent
changes in the geographical coverage of the Clean Water Act. The requirement
to compensate for impacts on water resources constitutes a substantial compli-
ance cost for regulated firms. Most of the compensation is financed through the
compensation credit market embedded within the regulatory program. A major
limitation of the scheme is that the short-run credit supply is inelastic. In August
2018, a policy reform increased compensation requirements and, consequently,
compensation credit demand in 22 states. I examine the effects of this policy re-
form on construction activity in a difference-in-differences framework.

In the analysis, I find that the overall effect of the Rule on construction em-
ployment was negligible. However, a negative effect appears in the four states
that had unsuccessfully litigated against the Rule (Michigan, Ohio, Oklahoma,
and Tennessee). Furthermore, the decrease in construction activity was most
prominent in counties where low-cost compliance options through environmen-
tal offset markets were limited. Specifically, in counties where few compensation
credits were available for purchase, the negative effect of the Rule is more pro-
nounced. This finding also coincides with the absence of in-lieu fee programs that
are funded by public or non-profit entities. These conservation programs func-
tion in a very similar manner as private mitigation banks, with the important
distinction that they are allowed to release compensation credits in advance of
undertaking a conservation project. This feature brings considerable flexibility
to the short-term supply of compensation credits. Overall, the results in the final
chapter of this thesis suggest that facilitating the functioning of the compensation

credit market may significantly alleviate the economic costs of regulation.






Chapter 1

Evaluation of Wetland Area
Gains and Losses under the US
Clean Water Act

Abstract

Mitigating the impacts of economic development on biodiversity is an urgent global
priority. Offsetting policies reconcile development and conservation objectives by al-
lowing environmental losses in some locations, given that the losses are compensated
with equivalent gains elsewhere. In this paper, we quantify net losses of wetland area
under the US Clean Water Act compensatory mitigation program, which is the most
extensive and longest-running environmental offsetting program in the world. A
unique feature of the program is how most of the compensation is financed through
a market mechanism where permittees purchase compensation credits that special-
ized firms have generated from wetland conservation activities. We measure wetland
area gains at 400 compensation sites over 1995-2020 using high-resolution satellite
imagery and land cover change data. Comparing realized compensation projects to
planned but withdrawn projects in a difference-in-differences framework, we find
that the majority of the gains would not have occurred without dedicated conserva-
tion activities. We also find that the market mechanism allocates the type and location
of conservation activities according to the opportunity cost of land use. Nonetheless,
the wetland area gains appear insufficient to compensate for the wetland area losses
regulated within the program. This raises doubts about whether the program will
achieve its environmental goals in the long term.

This chapter is coauthored with Jessica Coria, and Jodo Vaz, and Yann Clough.
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1 Introduction

The current rate of biodiversity loss is unprecedented in history and will have
potentially catastrophic consequences. Humanity depends on the diversity of
nature to sustain the quality of air, water, and soil; regulate the climate; reduce
the impact of natural hazards; and produce food, through pollination and pest
control (Brondizio et al., 2019). Impairments to the productivity, stability, and re-
silience of natural ecosystems in providing these services adversely affect human
well-being and economic growth, with a disproportionate impact on individu-
als whose livelihoods depend directly on ecosystem services (Dasgupta, 2021).
Although national governments widely recognize the need for ambitious con-
servation policies, progress on policy implementation has not been sufficient to
reduce the global rate of biodiversity loss. The main political obstacle is the prior-
itization of—and unwillingness to compromise on—short-term economic devel-
opment goals (Johnson et al., 2017; OECD, 2017).

Biodiversity offsetting has emerged as a policy tool for reconciling develop-
ment and conservation objectives. These policies balance biodiversity losses in
one location with an equivalent biodiversity gain elsewhere (Bull and Milner-
Gulland, 2020). Offsetting policies typically aim to achieve no net loss of the im-
pacted environmental asset. However, there is a lack of empirical evidence re-
garding the environmental performance of these policies, largely owing to the
unavailability of transparent monitoring data that would allow large-scale eval-
uations (zu Ermgassen et al., 2019).

In this paper, we quantify net losses of wetland area under the US Clean
Water Act (CWA) compensatory mitigation program, which is the most exten-
sive and longest-running biodiversity offsetting program in the world (OECD,
2016). Since the early 1990s, the CWA Section 404 compensatory mitigation pro-
gram has had an overarching goal of “no net loss of wetland area and functions”
(Corps and EPA, 1990). A unique feature of the program is how offsetting is
financed through a market mechanism. Private firms can establish mitigation
banks—conservation sites that establish wetland areas or improve the functions
of existing wetlands—to provide an advance supply of offsets to meet the com-
pensation needs of future projects. In turn, developers can buy these offsets to
comply with their obligation to compensate for the impacts they are causing to
wetlands.

To assess whether the market-based offsetting scheme under the CWA is
achieving its no-net-loss target, we collect novel data to quantify wetland area

gains at the mitigation bank sites within the program. We analyze satellite im-



agery to identify and delineate the extent of wetland area gains at 400 mitiga-
tion banks established between 2001 and 2020. We combine our own data collec-
tion with land cover change detection data, enabling us to assess the timing and
causality of the wetland area increases. In a difference-in-differences framework,
we compare outcomes at the mitigation bank sites against 141 planned mitiga-
tion banks that had withdrawn their permit applications. To our knowledge,
our study is the first of its kind in two respects: we estimate the causal impact
of offsetting projects on environmental outcomes, and we use these estimates to

provide a program-wide evaluation of a no-net-loss target.

Mitigation banking currently generates compensation for the majority of au-
thorized impacts under Section 404 of the CWA, with compensation credits
awarded for over 100,000 acres of wetlands conserved over the course of the
program (Corps, 2022). Despite the apparent benefits, several studies have ar-
gued that mitigation banking is falling short of achieving the no-net-loss target.
Reasons include unsuccessful compensation projects, mismatches between the
compensation and impact type, and questionable causal impact of the compen-
sation projects. Likewise, existing empirical evidence falls short of enabling a
comprehensive assessment of net losses. The lack of monitoring data is a major
impediment, and most existing studies on mitigation banks have limited sample
size and temporal scope (Griffin and Dahl, 2016; Levrel et al., 2017; Tillman et al.,
2022).

Our analysis improves on previous studies in several respects. First, our novel
data collection enables us to estimate wetland area gains within the mitigation
banking program across all jurisdictional areas of the program. Second, unlike
previous studies that typically compare outcomes against a reference target, we
contrast the observed outcomes against a counterfactual to allow for a causal in-
terpretation of the wetland area gains. Third, we track outcomes over a long time
period, 1995-2020, to allow for temporal variability of the success of restoration

activities.

Our results indicate that the majority of the observed gains in wetland area
would not have taken place without dedicated conservation activities. However,
contrasting the gain estimates to the wetland losses that the program is designed
to compensate, we find that the program likely results in a net loss of wetland
area. Importantly, our estimates are a lower bound on the wetland area net losses.
A limitation of our method is that we cannot assess the hydrological and eco-
logical quality of the newly created wetland areas, and, in our calculations, we

assume they are equivalent in functionality to the lost wetland areas. This as-



sumption is unlikely to hold (Tillman et al., 2022), rendering the implications of
our results even less favorable.

There is considerable heterogeneity in our wetland gain estimates across ad-
ministrative regions. Such variability is associated with the opportunity cost of
land use. Wetland area gains are the highest in regions with an abundance of
low-cost agricultural land that can be converted to wetlands. In contrast, in re-
gions with less available agricultural land for conversion, firms choose to earn
compensation credits by improving the functions of existing wetlands instead of
establishing new wetland areas. While this pattern may appear beneficial from
the perspective of efficient land use allocation, it may have adverse implications
for ecosystem services in regions where wetland area losses are high.

Evaluating whether the US mitigation banking program is achieving its tar-
get of no net loss of wetlands provides insights into the effectiveness of offsetting
policies more generally. This knowledge is particularly important considering
that biodiversity offsets have now been introduced in a number of countries,
despite the lack of knowledge about their environmental performance (OECD,
2016). Our study contributes to improving the evidence base around the effects
of one of the most widely used policies for addressing the environmental impacts
of development projects.

The remainder of the paper is organized as follows: Section 2 discusses the
paper in relation to the existing literature, while Section 3 describes mitigation
banking under the US Clean Water Act. In Section 4 we describe the data. In Sec-
tion 5 we describe the empirical strategy in estimating wetland area gains, and
in Section 6 we describe the estimation results. Section 7 discusses the implica-
tions of our estimates on whether the program is achieving its no-net-loss target.

Section 8 concludes.

2 Relation to Literature

Wetlands are among the most biodiverse and economically valuable ecosystems
in the world. They provide a range of critical ecosystem services, including car-
bon storage, water purification, flood control, and habitat to animal and plant
populations (Mitsch and Gosselink, 2000; Moreno-Mateos et al., 2012a). Since
many of these services are public goods and the private benefits of wetlands to
landowners do not reflect the total benefits to society, there are limited financial
incentives for conservation (Heimlich, 1998; Turner et al., 2000). The purpose of
regulating the use and conservation of wetlands is to correct this market failure.

Recent evaluations report large benefits to society from wetland protection. For



instance, Taylor and Druckenmiller (2022) estimate that US wetlands provide up
to $2.9 trillion in flood mitigation value alone.

Our paper contributes to the literature investigating the outcomes of ecologi-
cal offsetting. Previous empirical literature falls short of providing a robust eval-
uation of offsetting policies and, in particular, whether they achieve no-net-loss
goals. There is a clear gap between the increasing global implementation of off-
sets and the evidence for their effectiveness (zu Ermgassen et al., 2019). Exist-
ing studies suffer from a series of limitations. For instance, studies conducting
detailed ecological on-site assessments have small sample sizes and focus on a
specific region, which reduces the generality of the findings due to potential se-
lection biases (Tillman et al., 2022). Moreover, studies that measure outcomes
at a single point in time face a potential performance bias, since it takes at least
four years for a mitigation bank to reach its ecological potential, and this period
can be even longer for some specific ecological functions (Moreno-Mateos et al.,
2012a). Finally, these studies are characterized by a lack of comparability between
the analyzed outcomes. Some studies focus on diverse definitions of ecological
performance, while other studies focus on administrative performance (i.e., com-

pliance rates) (Tillman et al., 2022).

The results in previous studies are mixed (see reviews in Levrel et al. 2017;
Tillman et al. 2022) but provide insights on the factors affecting the success of
mitigation banking. Some studies point out mismatches between the permitted
adverse impact and the compensation, as well as declining compliance with regu-
latory standards over time, as factors undermining the performance of mitigation
banking.

Concerning mismatches between impact type and offset type, offset projects
have primarily focused on the rehabilitation, enhancement, or preservation of
existing wetland areas, instead of creating new ecosystems by establishing new
wetland areas or re-establishing former wetland areas. Qualitative improvements
to existing wetlands are a poor match to compensate for losses in wetland area
extent. Still, the use of qualitative improvements as the compensation type has
increased over time, while the use of establishment and re-establishment has de-
creased (Theis and Poesch, 2022). We analyze the spatial and temporal variation
in different compensation types to assess the equivalence between impact and
compensation at a national scale.

Concerning compliance, the mandatory monitoring period for a mitigation
bank is typically only five years, which is not long enough to guarantee successful
restoration in the long term (Tillman et al., 2022). Previous research has primarily
examined outcomes within or at the end of the monitoring period (Levrel et al.,
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2017). Multiple environmental stressors (i.e., increased input of nutrients and
pollutants and pressure from invasive species) may affect the performance of a
compensation site beyond this time frame and possibly compromise the success
of the project (Van den Bosch and Matthews, 2017). We evaluate outcomes up
to 19 years after bank establishment to evaluate the temporal variability of the
success of restoration activities.

Methodologically, our study also relates to recent literature using remotely
sensed land cover data products to measure changes in environmental outcomes
(Sonter et al., 2019; Taylor and Druckenmiller, 2022). Although land cover data
enable low-cost environmental monitoring at a considerable spatial and tem-
poral resolution and scale, these data can suffer from high error rates in de-
tecting land cover change in specific applications (Stehman and Wickham, 2020;
Stehman et al., 2021; Wickham et al., 2021). Mapping and monitoring wetlands
with algorithm-based data products are particularly challenging and an active
research area in the remote sensing literature (Mahdavi et al., 2018). To overcome
these caveats, we delineate newly created wetland areas through visual interpre-
tation of high-resolution satellite imagery (Griffin and Dahl, 2016). Combining
our own data collection with land cover change detection data provides a reli-

able measure of the extent and timing of wetland area gains.

3 Policy Background

3.1 No netloss and compensatory mitigation

The conterminous United States has lost over half of its original wetlands, mostly
due to drainage for agriculture, forestry, and urban expansion (Dahl, 1990). As
the understanding of wetlands and the importance of their ecological functions
improved, in the 1970s, regulatory efforts began to reverse the trend of losses.
Currently, US wetlands and streams are protected under Section 404 of the 1972
Clean Water Act (CWA), which provides the US Army Corps of Engineers (Corps)
and the US Environmental Protection Agency (EPA) with the authority to regu-
late threats to the “physical, chemical, and biological integrity" of water bodies
in the US.! Under Section 404, any development activity that causes adverse im-
pacts to wetlands and streams must secure a permit from the Corps.

In 1990, the Corps and the EPA adopted a goal requiring no net loss of wet-
lands as a guiding principle for evaluating Section 404 permit applications (Corps

133 US Code § 1251 (101)(a).
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and EPA, 1990).2 Since then, under both federal and state regulations, develop-
ers are required to follow a sequence of mitigation steps if a project will impact
aquatic resources: (1) reconfigure development sites to avoid impacts, (2) min-
imize unavoidable impacts, and (3) provide compensation for unavoidable im-
pacts in the form of restoration, establishment, enhancement, or preservation of
alternate wetlands and streams.3

The last step in the mitigation process has led to the development of three
compensation methods, in which offsets are provided by (1) mitigation banks, or
entrepreneurial firms that invest in restoration projects and sell offsets to per-
mittees, (2) government agencies or nonprofits who collect and pool fees for im-
pacts through in-lieu fee (ILF) programs that later fund restoration projects, or (3)
the permittees themselves, a process known as permittee-responsible mitigation
(PRM).

In this study, we focus on evaluating the performance of mitigation bank-
ing, since it is currently the most widely used implementation method.* Several
reports have determined that onsite PRM has not been effective in terms of eco-
logical outcomes and have highlighted the high rate of non-compliance (Council
et al., 2001; GAO, 2005). In contrast, mitigation banking was deemed to improve
the efficacy of wetlands offsets, because (1) it reduces the number of stakehold-
ers responsible for the success of compensatory measures, and (2) it increases
the probability of success of compensatory mitigation by promoting large-scale
ecological restorations and ensuring that ecological gains occur prior to impacts
(thus reducing the risk of temporal losses of wetlands).

Changes in regulatory support for third-party mitigation were promulgated
in the 2008 Final Compensatory Mitigation Rule (2008 Rule, Corps and EPA 2008).
The 2008 Rule explicitly names mitigation banking as the preferred method of
compensatory mitigation, while maintaining a proximity criterion whereby miti-
gation should occur within the boundaries of the watershed of the impacted wet-
land. Federal guidelines then signaled a shift toward mitigation performed by
third parties at off-site locations, where the biophysical characteristics may be
more suitable for the protection of high-quality wetlands.

2Early policy documents formulated the goal as “no overall net loss of wetlands functions and
values”. Later, the language evolved to “no net loss of wetland acreage and function”. See Corps and
EPA (1990, 2008).

333 US Code § 332.2 defines the different compensation types as follows: (i) Restoration: returning
natural/historic functions to a former or degraded aquatic resource. (ii) Establishment: developing
an aquatic resource that did not previously exist at an upland site. (iii) Enhancement: improving the
functions of an existing aquatic resource. (iv) Preservation: the removal of threat to or preventing the
decline of an aquatic resource.

4Between 2015 and 2020, mitigation banking was mandated for 51%, ILF for 16%, and PRM for
the remaining 33% of required mitigation actions (Corps, 2020).
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3.2 Mitigation banking

Mitigation banking was first introduced as a method for compensatory mitiga-
tion in the 1990s, following the release of the 1995 Banking Guidance (Corps and
EPA, 1995). Mitigation banks have four distinct components: (1) a bank site (the
property where wetlands are restored, established, enhanced, or preserved), (2) a
bank instrument (the formal agreement between the bank owners and regulators,
which establishes liability, performance standards, monitoring requirements, and
the terms of bank credit approval), (3) an Interagency Review Team (consisting
of all state and federal agencies that provide approval and oversight of the bank,
with the Corps as lead), and (4) a service area (the geographic area/watershed
or political boundaries in which permitted impacts can be compensated for at a
given bank).

The bank instrument identifies the number of credits available for sale. This
determination is based on the ecological value of the compensation project. Once
a bank successfully meets its performance standards and monitoring require-
ments, it receives the specified credits and can sell them to developers. In turn,
the developers use the credits to satisfy their compensation obligations.

Since mitigation banking involves the transfer of liability from developer to
banker in the face of uncertainty regarding the demand and success of compen-
satory measures, creating a mitigation bank is a risky venture that requires a high
level of specialized expertise. Bankers often need the help of qualified and ex-
perienced consultants to navigate the multi-step process. It usually takes from
two to five years to secure the initial documentation and approval, and about ten
years to complete development (BenDor and Riggsbee, 2011; Levrel et al., 2017).
Nevertheless, following a series of institutional responses that supported mitiga-
tion banking and reduced some of its economic risks, banking is now the most
important mitigation mechanism. Whereas permittee-responsible mitigation rep-
resented about 60% of all compensatory measures permitted by the Corps in 2008
(Institute for Water Resources, 2015), it represented only 33% over 2015-2020.
By contrast, mitigation banking now represents 51% of all mitigation methods
(Corps, 2020).5

This increase in banking as a mitigation method has been accompanied by a
significant development of the banking industry over the years. Figure 1 plots
the counts of established banks over 1995-2020. In 2007, a total of 403 banks with

Section 404 wetland credits had been approved, and the rate of approvals aver-

5Data on all mitigation methods permitted by the Corps in 2020 were obtained from the Operation
and Maintenance Business Information Link, Regulatory Module (ORM), which is the Corps database
for tracking Section 404 permitting data. ORM data were obtained through Freedom of Information
Act requests.
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Figure 1: Annual counts of established wetland mitigation banks
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aged about 30 banks per year following the release of the 1995 Banking Guidance
(1995-2007). In the 12 years since the 2008 Rule, the rate of approvals has av-
eraged about 53 banks per year (2008-2020), which corresponds to a more than
70% increase relative to the period before. As of December 2020, there were 1091
banks selling wetland credits, and 214 more pending approval.

Different states have adopted mitigation banking to varying degrees. For ex-
ample, in the Northeastern US, state authorities have chosen not to endorse pri-
vate for-profit mitigation banking and instead rely on non-profit in-lieu fee bank-
ing and permittee-responsible mitigation. Conversely, in states such as Louisiana
and Minnesota, regulators have endorsed private mitigation banking, with over
94% of impacts permitted over 2012-2020 requiring compensation from mitiga-
tion banks (Corps, 2020). In the following section, we describe the distribution of
mitigation banks across the US and our estimation sample.

4 Data

4.1 Wetland mitigation banks

We obtain information on mitigation banks from the Regulatory In-lieu fee and
Bank Information Tracking System (RIBITS, Corps 2022). The RIBITS database
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Figure 2: Estimation sample
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Ever treated: Private wetland mitigation banks established between 2001 and 2020
(N =952). Outcome data collected for 400 sites.

Never treated: Candidate mitigation banks that withdrew their application during the
permitting process (N = 141)

Data source: Corps (2022)

tracks information on all mitigation banks, including their location, the type and
number of credits supplied, and their credit transaction ledger.

We collect data for a sample of 400 banks out of 952 private wetland mitigation
banks that were established between 2001 and 2020. Additionally, we collect data
for 141 candidate private mitigation bank sites, which constitute a never-treated
control group in our analysis. These sites first entered the permitting process to
allow operation as a mitigation bank but eventually withdrew from the process
before obtaining a permit. Typical reasons for project withdrawals include prop-
erty ownership disputes and substantial required revisions to the project design
due to potential effects on neighboring properties or adjoining water resources.
Figure 2 displays the geographic distribution of the wetland mitigation banks
included in our estimation sample.

For the purpose of measuring outcomes at the mitigation bank sites, we ob-
serve the site polygon for 428 banks. For the remaining 113 banks, we only ob-
serve the site centroid coordinates. For these sites, we approximate the site area
with a circular buffer around the site centroid such that the buffer area corre-
sponds to the bank area as stated in RIBITS.

6Information on reasons for project withdrawals is available in bank documentation in RIBITS.
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4.2 Wetland area

We combine two data sources to measure changes in the extent of wetlands at
mitigation bank sites. As a first step, we collect novel data by interpreting high-
resolution satellite and aerial imagery to delineate newly established wetland ar-
eas. As a second step, within the delineated wetland areas, we use land cover
change detection data (USGS, 2022) to assess the timing of conversion from crop-
land to wetland. This process is illustrated in Figure 3 and explained in detail
below.

4.2.1 Imagery interpretation

We interpret historical satellite and aerial imagery to delineate the extent of con-
version of agricultural land to wetlands within the mitigation bank sites. The
analysis relies primarily on observable physical changes that are evident in the
imagery and secondarily on the mitigation bank documentation, which provides
contextual information such as elevation and soil maps and a description of the
permitted conservation project.

Figure 3 provides example imagery of a mitigation bank that was established
in 2013. The first image shows how the entire site was in agricultural use in 2009.
By 2020, 29% of the site area was converted to wetland, visible in the image as
flooding and vegetation change around the flooded areas. To record this change,
we draw a polygon around the newly restored wetland plot and calculate its area.
We also record the years between which the change is observed. Importantly, for
all mitigation bank sites, we confirm that the created or restored wetland area
remained intact until the endline year 2020.

Visual interpretation provides an accurate measurement of wetland area at the
treated sites at the endline year. In most cases, it is also straightforward to observe
that the site was in agricultural use until conversion to a mitigation bank and that
the gains do not merely reflect a change in the surrounding landscape, e.g., due to
a larger restoration project outside the CWA compensatory mitigation program.
However, especially for the sites that were established in the first years in our
sample, imagery availability and quality impose constraints on determining the
exact timing of the change. First, for over 48% of the examined sites, compara-
ble imagery before and after the treatment year were over five years apart. This
causes uncertainty in assessing the exact timing, and thus the additionality, of the
changes. Another source of uncertainty is low image quality. Major re-wetting,
as visible in Figure 3, is easy to delineate. In contrast, the timing of vegetation
change in the absence of visible flooding (30% of examined sites) is difficult to as-
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sess without high-resolution imagery. To address these shortcomings, we employ
land cover change detection data. These data enable us to measure the timing of
change within the recorded wetland polygons at annual intervals.

4.2.2 Land cover change detection

We combine the delineated wetland gain polygons with land cover change de-
tection data to construct an annual time series of wetland gains. To this end, we
use the Time of Spectral Change (SCTIME) layer in the LCMAP data suite (USGS,
2022). The SCTIME layer maps land cover change in the continental United States
at 30-meter resolution and at annual intervals from 1985 to 2020. Identification of
land cover change is based on an algorithm that fits a time series model for the
surface reflectance of individual pixels in Landsat satellite imagery. Abrupt and
systematic changes in surface reflectance will manifest as a model break, which
in turn is identified as land cover change (Dwyer et al., 2018; Xian et al., 2022;
Zhu and Woodcock, 2014).

Comparing the imagery and land cover change data in Figure 3 provides an
example. The altered surface reflectance of the flooded areas is recorded as land
cover change in SCTIME.” This example also demonstrates the suitability of SC-
TIME in our application where we measure wetland area gains on agricultural
parcels. Agricultural land, typically monoculture, produces a stable time series
of surface reflectance. Conversion to wetland alters the vegetation and may par-
tially inundate the area. The resulting changes in the surface reflectance time
series are likely identified as a model break.

Used independently, a major limitation of SCTIME is that it does not identify
the type of change or whether the change is permanent. For example, major
natural flooding events may be recorded as change although no permanent land
cover change took place. Using SCTIME together with the wetland gain polygons
resolves this caveat. Within these polygons, we know the land cover type before
and after change (cropland and wetland), and SCTIME is a reliable indicator of
the timing of the change.

7Within the largest delineated polygon, SCTIME records change in approximately 69% of the area
over 1995-2020, while approximately 45% of the area changed after site establishment. Vegetation
change and flooding within the three smaller polygons remain mostly undetected. This is likely due
to the area of changed land cover being too small in comparison to the mapping unit of 30-meter
pixels. Alternatively, the changes in the surface reflectance time series may be too small in magnitude
in comparison to pre-treatment patterns. The pre-treatment pattern may have been similar, e.g., due
to seasonal flooding.
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Figure 3: Wetland gain measurement

Imagery
2009

Step 1: Delineate wetland
area gains (white dashed line)
at compensation sites using
satellite and aerial imagery.

[m| Site boundary
] Verified wetland area increase
Changed land cover

1995 2020
Step 2: Overlay the delineated

wetland area polygon on the
SCTIME change detection
raster.

No change

Change
Step 3: Calculate the 30 -
cumulative sum of changed é i
area over time within the £ i
. o @

delineated polygon 920 5|

= % |

3

n 21

[0} (7) [l

5 10

<

ON PPN
PRI R PSS
ICHCRHCHCHICRENMNNOAN

Data sources: Google Earth (USDA /FPAC/GEO and CNES/ Airbus); USGS (2022)



18

We construct our primary measure of wetland gains as follows:

Wetland gain;, = Zm x Verified wetland area; ;-0 (1)
where SCTIME;; is the recorded cumulative change (acres) within verified wet-
land polygons at site i in year t. The term Verified wetland area; ;—ppy is the
area of the polygon that was delineated using imagery. The scaling of SCTIME;;
corrects for the fact that the extent of the detected change in SCTIME is typi-
cally smaller than the extent of the wetland area gains we observe in imagery.
This feature is visible in Figure 3. In the SCTIME data from 2020, the area of
recorded change (light pixels) is less than the area of delineated wetland gains
(white dashed line). In the example, SCTIME succeeds best in detecting a large
patch of visible flooding. By contrast, subtle changes in vegetation, as well as
changes that are small in comparison to the minimum mapping unit (30-by-30
meter pixel), are less likely to be detected.

To enforce equality between Wetland gain;, and the delineated wetland area
gain polygon, we divide SCTIME;; by the total detected change and multiply by
the total verified wetland area. As a result, in the scaled measure it will hold that

Wetland gain; ;_»pp0 = Verified wetland area; ;—pn0

For two sites, no change was recorded in SCTIME over the entire time frame
of the analysis, and the denominator in eq. 1 becomes zero. For these sites, we
set the gains to zero.

4.2.3 Other data sources

We use county-level data on GDP, population (US Bureau of Economic Analysis)
and agricultural land value (US Department of Agriculture) as covariates in re-
gression analysis. We also control for precipitation, available as annual mean in
a 1-kilometer resolution grid (Thornton et al., 2020). To describe the landscape
characteristics of our estimation sample, we support the analysis with the Pri-
mary Land Cover (LCPRI) product in the LCMAP data suite. LCPRI classifies
land cover in the continental United States into eight thematic classes. We ag-
gregate these classifications into five categories of interest: wetland, other nat-
ural (grass/shrub, tree cover), cropland, developed (artificial land cover such as
roads and buildings), and open water. The LCPRI data are available at a 30-meter
resolution at annual intervals between 1985 and 2020.
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4.3 Data description

Figure 4 depicts the trends of wetland gains over time at the ever-treated and
never-treated sites in our estimation sample. The wetland area gains are steady
in both groups, although the gains are only about four percent of site area for the
never-treated units. Figure 4b shows the average gains in treated units relative to
site establishment year, normalized to zero in the year preceding approval. The
graph shows a distinct increase in the wetland area starting approximately ten
years before bank establishment and continuing as a steady increase throughout
the depicted time period.

It is important to assess whether the pre-approval changes in the outcome
represent an anticipatory treatment effect or whether they would have occurred
in the absence of the permit process. As discussed in Section 3.2, the permit pro-
cess typically takes 2-5 years, and realizing the compensation project can take up
to 10 years (BenDor and Riggsbee, 2011; Levrel et al., 2017). Landowners who
anticipate a positive administrative decision may start preparatory work prior to
approval in order to expedite the completion of the project and the subsequent ac-
quisition of compensation credits. Anticipatory behavior has implications for es-
timation, as it runs counter to the identifying assumptions in standard difference-
in-differences models. We discuss the issue in more detail in Section 5, and we
account for possible anticipation in the estimation.

Figure 5 describes the landscape characteristics of our estimation sample us-
ing the LCPRI land cover classification map measured in 2000 (USGS, 2022). The
full population of wetland mitigation banks and the banks in our estimation sam-
ple closely resemble each other in their land cover class distribution. As for the
never-treated sites (withdrawn candidate sites), the only distinctive differences
are in the shares of wetlands and other natural areas. The never-treated sites had
on average 7 percentage points less wetland area than the sampled ever-treated
sites, although the combined average share of wetlands and other natural areas
is almost exactly equal at 40%.

Differences in geographical distribution between the two groups explain the
pattern (see Figure 2). For example, none of the never-treated sites are located in
Louisiana, which is abundant in wetlands. Another explanation relates to the dif-
ferent types of conservation activities. Most wetland creation and
re-establishment take place on agricultural land, whereas wetland enhancement,
by definition, takes place on existing wetlands. Since wetland creation and re-
establishment are generally more costly than enhancement, these projects are
more likely to be withdrawn during the permitting process. Regardless, for the
purposes of using the withdrawn candidate sites as a never-treated control group,
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Figure 4: Outcome trends
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Panel (a): Wetland area gains at ever-treated and never-treated sites in estimation sample
over 1995-2020. Wetland gains are defined as in eq. (1), and normalized by mitigation
bank site area.

Panel (b): Wetland area gains as in (a) in ever-treated units with time period normalized
to zero in the bank establishment year and level normalized to zero in the year preceding
approval.

Ever treated: Sampled private commercial wetland mitigation banks established during
2001-2020 (N = 400). Never treated: Candidate mitigation banks that withdrew their ap-
plication during the permitting process (N = 141).

Data sources: Own data collection, Corps (2022); USGS (2022).
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Figure 5: Landscape characteristics of mitigation banks
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it is important that they have comparable potential for wetland creation and re-
establishment. This potential is best reflected in the baseline cropland area, which
is roughly equal across groups.

Table 1 shows descriptive statistics of the covariates used in the analysis. Note
that the covariates are measured at an aggregate level: land value, GDP per
capita, and population density are recorded at the county level, whereas precipi-
tation is measured within a 1-kilometer grid cell. Overall, the counties where the
mitigation bank sites are situated resemble each other across groups.

Table 1: Descriptive statistics

Ever treated Never treated

Variable All Sampled
Ag. land value (USD / acre)

Mean 21389 2066.2 2031.9

Std. dev. 17713  1326.3 1198.9
GDP per capita (1000 USD)

Mean 37.8 37.8 349

Std. dev. 21.2 19.7 13.7
Population/ km?

Mean 92.2 95.4 87.0

Std. dev. 154.8 1559 147.5
Precipitation (mm/year)

Mean 1035.5 1007.5 957.6

Std. dev. 253.6  247.6 242.6

N 952 400 141

Summary statistics of covariates at mitigation bank sites. Agricultural
land value, GDP per capita, and population density measured at the
county level. Precipitation measured within a 1-kilometer grid cell. Vari-
ables are measured in the year 2000, except land value, which is mea-
sured in 1997.

Data sources: US Bureau of Economic Analysis, US Department of Agri-
culture, and Thornton et al. (2020).
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5 Empirical strategy

We model the effect of mitigation bank establishment on wetland area using a
long differences model as follows:

Ay; = 1D; + AX;B + ¢ (2)

where Ay; is the wetland area gained at site i between 1995 and 2020, measured
as a share of the total site area. These area gains correspond to the wetland area
delineated using imagery as shown in Figure 3. D; indicates the treatment group,
and X; is a vector of control variables that include GDP, population, land value,
and precipitation.

We also estimate the dynamic path of treatment effects and treatment effects
specific to treatment cohorts according to the following models:

Vie = Y TDjs + X+ o + 71 + €5t 3)
seS

Yie = Y TeDitg + Xutp + ai + vt + €it 4)
g€g

where, y;; is the wetland area gained at site i in year ¢{. These annual area gains
correspond to the land cover change data as shown in Figure 3 and as defined
in equation 1. In equation (3), Dj; is an indicator equal to one if year ¢ is s years
after site i was first treated and, in equation (4), Ditg is an indicator equal to one
if site i belongs to treatment cohort g (was first treated in year g) and was treated
in year t.

Recent literature has shown that OLS is unsuitable for estimating treatment
effect parameters in two-way fixed effects models, such as in equation (2), when
treatment adoption is staggered and treatment effects are heterogeneous over
time or treatment cohorts (Borusyak et al., 2021; Callaway and Sant’Anna, 2021;
De Chaisemartin and d’Haultfoeuille, 2020; Gardner, 2022; Goodman-Bacon, 2021;
Roth and Sant’Anna, 2021; Sun and Abraham, 2021). As regulatory practices
have evolved considerably over the last two decades, this type of heterogeneity
is likely in our setting. Accordingly, we report estimates from various alternative
estimators suggested in the literature.

The identification of treatment effect parameters in equations (2)-(4) requires
treatment assignment to be mean-independent of variables that affect changes in
the outcome (parallel trends). As a never-treated control group, we use candidate
mitigation bank sites that entered the permitting process but eventually with-
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drew their applications. As discussed in Section 4.3, these candidate sites are
similar to our treated sites in terms of their suitability for conversion to wetland
and the opportunity costs of different land uses. Their outcome trends arguably
reflect the counterfactual outcome trends of the treated sites.

A second identifying assumption requires that there is no treatment effect in
pre-treatment periods (no anticipation). As depicted in Figure 4b, the wetland area
gains at the treated sites are largest during the five years immediately before the
administrative bank establishment date. It is important to distinguish whether
this pattern should be interpreted as treatment anticipation or endogeneity.

Anticipation is a reasonable interpretation if the economic agents in question
have information on future treatment and if there is a benefit to acting before
treatment (Malani and Reif, 2015). Both of these characterizations are applicable
in the context of our study. Submitting a permit application amounts to infor-
mation on future treatment, although an approval is not always a certainty. If
a bank owner perceives the probability of an approval as sufficiently high, they
have an incentive to start the restoration activities at the bank site. This will give
the owner earlier opportunities to secure compensation credits and earn revenue
from selling them. Therefore, anticipatory behavior is a likely explanation for the
observed changes prior to site establishment.

To ensure that treatment anticipation does not confound our estimates, we
follow Butts and Gardner (2021); Rambachan and Roth (2019) in their suggestion
to adjust the treatment date back in time such that anticipatory effects do not
occur before the adjusted treatment date. As discussed in Section 3.2, securing
a permit for a mitigation bank site typically takes up to five years (BenDor and
Riggsbee, 2011; Levrel et al., 2017). Accordingly, we adjust the treatment date
back five years and assume that no treatment anticipation existed before that. We

also report estimates from alternative adjustments.

6 Results

Long differences. Table 2 presents estimates of T in eq. (2) across different
model specifications. The first model without covariates and state-level fixed
effects indicates that, on average, the share of wetland area at a site increased
by 0.26 (95% CI: 0.21-0.32), or 26 percentage points, due to mitigation bank es-
tablishment. Including covariates does not modify the estimate, but including a
state-specific trend decreases the estimate slightly to 0.24 (95% CI: 0.18-0.31). This
estimate translates to 19,080 acres (95% CI: 14,310-24,645) of wetland area gains
over the estimation sample. The estimated effect is slightly less than the 20,054
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acres of wetland area gains that we identified directly in imagery, although the
direct measurement is well within the 95% confidence interval of the estimate.

We discuss the timing of these gains in the following.

Table 2: The effect of mitigation bank establishment on wetland area. Long dif-
ferences estimates.

1) (2) ©) (4)

Treated 026 026 0.25 0.24
(0.03) (0.03) (0.03) (0.03)
Precipitation 0.00 0.00
(0.00) (0.00)
Population density 0.00 0.00
(0.01) (0.01)
GDP -0.01 0.02
(0.03) (0.03)
Land value —0.01 0.03
(0.03) (0.03)
State FEs v v
N 541 541 541 541
Standard errors in parentheses, clustered by county (N = 272).
Dependent variable: Wetland area gains at mitigation bank site
(share of site area)
Treatment: Mitigation bank established
Ever treated units: Private wetland mitigation banks established
in 2001-2020 (N = 400)
Never treated units: Candidate private wetland mitigation bank

sites (N = 141)

Dynamic estimates. Figure 6 presents the estimates of 7; in equation (3), esti-
mated without including covariates. Note that, to prevent treatment anticipation
from confounding the estimates, we have adjusted the treatment date back five
years; the period enumeration follows the adjusted relative years. The adjusted
relative period 5 is the date of mitigation bank establishment as stated in the ad-
ministrative data, and the adjusted relative period 0 is the first treatment year in
the estimation.

The dynamic pattern is similar across estimators. The pre-treatment estimates
using Gardner (2022) are close to zero and are precisely estimated. In turn, for
TWEFE, Sun and Abraham (2021) and Callaway and Sant’Anna (2021), the pre-

treatment estimates average approximately —0.04 and there is a monotonic in-
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Figure 6: The effect of mitigation bank establishment on wetland area. Dynamic
estimates.
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Point estimates of 7; in eq. (3) and 95% pointwise confidence intervals. Standard errors
clustered by state.

Dependent variable: Wetland area gains (share of site area)

Treated units: Private wetland mitigation bank sites (N = 400)

Control units: Candidate private wetland mitigation bank sites (N = 141)
Dashed line, black: The relative period 5 in the graph is the bank establishment

year as stated in the administrative data. Due to possible treat-
ment anticipation, treatment year is adjusted five years back in
the estimation.

Dashed line, grey: Reference period and the last untreated period in estimation.
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crease from relative period —6 to treatment onset. The patterns in post-treatment
estimates are also similar across estimators. Estimates for the relative periods 0
to 4 can be interpreted as anticipation effects, reaching approximately 0.1 before
treatment onset. A gradual increase in the point estimates continues, with the es-
timates reaching approximately 0.20 in the last relative periods. Overall, the pat-
tern in the dynamic estimates strongly suggests that the estimated post-treatment
gains would not have occurred in the absence of treatment.

The dynamic estimates show that the gains in wetland area have been grad-
ual. Thus, when ascertaining the magnitude of the effect, it is sensible to consider
the dynamic estimates only for the last periods. Aggregating the estimates from
Sun and Abraham (2021) for the last five relative periods provides a point esti-
mate of 0.20 (95% CI: 0.16-0.24). This corresponds to a 20 percentage point in-
crease in the share of wetland area at a site due to mitigation bank establishment.
In total area gains, this estimate translates to 15,900 acres (95% CI: 12,720-19,080)
of wetlands at the ever-treated sites summed over the estimation sample.

The estimation results are not sensitive to the choice of estimator. We provide
further sensitivity analysis in Section A in the Appendix where we present the
dynamic estimates from using different adjustments to the treatment year.

Cohort estimates. Figure 7 presents treatment effect estimates by treatment co-
hort (7 in equation 4). Again, the estimates are very similar across estimators,
with the exception of the TWFE estimates for the cohorts 2019-2020. For these
cohorts, no increases in wetland area were recorded, although some sites showed
signs of conversion activity taking place. This is because any wetland gains are
unlikely to be visible in imagery only few years after treatment.

The higher estimates for the earlier cohorts may indicate greater availability of
agricultural land with low cost of conversion to wetland. These types of locations
will be picked first in the early years of the program. In later years, as locations
with low-cost conversion potential become more scarce, mitigation firms increas-

ingly start to generate credits from other types of compensation activities.

Heterogeneity by region. Figure 8 presents the point estimates of treatment ef-
fects by the administrative districts of the US Army Corps of Engineers. We pro-
duce the estimates only for districts with five or more ever-treated sites in the
full estimation sample. The estimates display heterogeneity, ranging from close
to zero estimated gains in some districts to up to 0.60 in others.® Panel (b) in

8Negative estimates imply that the delineated wetland area gains were zero or close to zero in the
district.
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Figure 8 shows how the heterogeneity is associated with the opportunity cost of
land use. The estimates are generally higher in regions where low-cost agricul-
tural land was available. Further heterogeneity analysis in Appendix C shows

that wetland area gains have occurred mostly in agricultural landscapes.

Figure 7: The effect of mitigation bank establishment on wetland area. Cohort
estimates.
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Figure 8: Heterogeneity by region

(a) Heterogeneity of wetland area gains by the administrative districts of the US Army

Corps of Engineers
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Panel (a): Long differences treatment effect estimates by region (estimates of T in eq. (2)).
Only including regions with five or more ever-treated sites.

Panel (b): Treatment effect estimates are as shown in panel (a). Agricultural land value is
measured in the county of the mitigation bank site, in the year of bank establishment, and
demeaned against the national mean in that year. The fitted line and 95% CI are based on
a linear regression with weights (point sizes) corresponding to the number of ever-treated

sites.
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7 Policy implications

Given our estimates of wetland area gains, we can assess whether the compen-
satory mitigation program is achieving no net loss of wetland area. Recall that
compensation credits are awarded both for wetland area gains and for improv-
ing the functions of existing wetland areas. Using the estimates of wetland area
gains, we can estimate the average share of wetland area gains out of the total
wetland area that was used for compensating losses. In turn, this quantity allows
us to assess whether the compensatory program as a whole is succeeding in off-
setting wetland area losses with gains. The details of this calculation are given
in Appendix B. We display the results for this calculation from using the point
estimates from the long differences estimator and by aggregating the last five dy-
namic estimates reported in Figure 6 using the estimator from Sun and Abraham
(2021).

In Figure 9, the resulting estimated wetland area gains embedded in compen-
sation transactions are depicted together with the wetland area losses they were
supposed to compensate. Even the upper bound of the gain estimates stays well
below the total impacts, indicating net loss of wetland area. Over 2012-2020, us-
ing the long differences estimator, the estimated net loss is on average 893 acres
per year (confidence bounds according to the 95% CI of T: 289-1497) Using the
estimator from Sun and Abraham (2021), the estimated net loss is on average 1285
acres per year (confidence bounds according to the 95% CI of T: 924-1645). Het-
erogeneity in the estimated net losses is depicted in Figure D.1 in the Appendix,
showing how the total net losses appear to be driven by only few regions. More-
over, the gains are driven by available agricultural area for mitigation and losses
are driven by the amount of wetland areas at baseline.

A net loss of wetland area does not directly imply a net loss of ecological or
hydrological functions of wetlands. Instead, the area net loss estimates can be
interpreted as a quality gap: To achieve no net loss of wetland functions, the area
net losses must be offset with qualitative improvements. At the same time, a
question is whether the ratio of gains and losses is sufficiently high to maintain
wetland functionality. For example, as a guideline, the existing regulations call
for a minimum of a one-to-one acreage compensation ratio in the absence of any
functional assessment.’

To address the gap, there are readily available regulatory solutions both on
the demand and the supply side. A demand-side solution is to require more
compensatory credits per impacted acre of wetland. Looking at Figure 9, had the

933 US Code § 332.3 (f). See also Corps and EPA (1990)
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Figure 9: Net loss of wetland area in the Clean Water Act compensatory mitiga-
tion program
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Impacts: Wetland loss from impacts that required compensation from private

mitigation banks. Only including impacts that would be included in
administrative no net loss calculations. (Source: Corps 2020)

Compensation: Estimated acres of total wetland area gains embedded in compensation
transactions. (Source: own estimates and RIBITS)

regulator doubled the compensation requirements, the gap could have approxi-
mately closed.!® On the supply side, the regulator may mandate more wetland
establishment and re-establishment (area gains) instead of wetland enhancement.
This can be achieved by adjusting the ratios according to which different types of
compensation activities are awarded compensation credits.

We want to emphasize that our net loss estimates are based on an optimistic
scenario. Our calculation assumes functional equivalence between the wetland
area that was created as compensation and the wetland area that was lost due to
impacts. The degree to which this assumption is fulfilled is pivotal to the success
of the program. Yet, this aspect of compensatory mitigation remains a contested
topic in ecological literature (Levrel et al., 2017; Tillman et al., 2022).

8 Conclusion

In this paper, we estimate the causal impact of environmental offsetting activities
on wetland area extent at mitigation banking sites within the US Clean Water

10This is assuming that, on the supply side, the ratio between area gains and improvements on
existing wetlands would have stayed the same in the face of increased credit demand.
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Act Section 404 compensatory mitigation program. Using these estimates, we
evaluate the degree to which wetland mitigation banking is achieving its stated
goal of no net loss of wetland area.

Our analysis provides three major findings. First, we measure wetland area
gains amounting to over 19,484 acres of established or re-established wetlands
at the mitigation bank sites in our sample. Comparing these gains to those at
planned but withdrawn project sites, our upper estimate of the causal impact
of compensation site designation totals 19,080 acres (95% CI: 14,310-24,645). In
other words, the majority of the gains would not have occurred without dedi-
cated compensation activities.

Our second finding is that there is significant heterogeneity in the wetland
area gains across administrative districts and that the opportunity cost of land
use is likely the strongest driver of these differences. Wetland area increases are
the greatest in regions with an abundance of low-cost agricultural land that can
be converted to wetlands. In contrast, in regions where less agricultural land is
available for conversion, compensation firms choose to earn credits by improving
existing wetlands instead of converting agricultural land to wetlands. This sug-
gests that the market-based offsetting scheme is functioning as intended in how
it allocates land use, both between mitigation methods and between conservation

and other land uses.

Third, we compare the estimated wetland area gains to the area losses for
which they are compensating. Our results indicate that the mitigation banking
program is resulting in a net loss of wetland area. This is a consequence of how
the regulations allow a particular type of mismatch between compensation and
impact: it is possible to compensate losses of wetland areas with qualitative im-
provements and preservation of existing wetland areas. When firms consider the
choice of mitigation method, the opportunity cost of converting agricultural land
to wetlands is arguably higher than the cost of improving existing wetlands that
likely have few other profitable uses. In order to achieve the regulatory mandate
of no net loss of wetland area, the regulator could incentivize wetland area in-
creases (relative to qualitative improvements) by awarding more compensatory
credits per acre of wetland created. Alternatively, the regulator could mandate
permittees to surrender more compensation credits per impacted acre.

The most important limitation of our study is that we do not assess the func-
tional quality of the created wetland areas. Instead, for the purposes of our cal-
culations, we assume qualitative equivalence between a created and a lost acre of
wetland. This assumption likely results in overstating the estimated environmen-

tal benefits and understating the estimated net losses. Further research should
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scrutinize the functional quality of both the compensation wetlands and the lost
wetland areas.

Overall, our analysis contributes to a better understanding of the functioning
of market-based environmental offsetting. While the mitigation banking program
under Section 404 of the US Clean Water Act has succeeded in several aspects, our
analysis identifies design choices that have resulted in net losses of wetland ar-
eas. It is important to consider these dynamics in the design of other existing
and future offsetting policies. As in several studies before us, we want to empha-
size the importance of transparent and temporally consistent monitoring data in
making informed decisions about policy design. Producing such data should be

a priority when implementing environmental offsetting schemes.
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A Sensitivity

Outcome coding. Figure A.1 presents the regression results with the outcome
coded as absolute acres of wetland area instead of normalizing by site area. In
the main results, we chose to normalize the outcome because the average size of
mitigation banks varies considerably across cohorts and regions. If the outcome
is not normalized, the results in our heterogeneity analysis merely reflect the vari-
ability in mitigation bank site area. This heterogeneity would not be informative
of our ultimate parameters of interest: the share of wetland area gains out of all
types of compensation activities.

Nonetheless, when coding the outcome as absolute acres, the dynamic esti-
mates display a pattern that is very similar to the pattern with the normalized out-
come. The TWFE estimator is an exception in showing a stronger pre-treatment
trend.

Treatment year and anticipation. The second robustness check concerns the
definition or treatment year in estimation. In our main results, we chose to adjust
the treatment year in estimation to five years before mitigation bank site estab-
lishment. The purpose was to account for possible treatment anticipation that
would run counter to the identifying assumptions of our estimators.

Figure A.2 presents the estimation results when defining the treatment year
as the site establishment year. The estimates show a pattern similar to the main
results, in that the largest gains seem to have occurred during the first five years
before site establishment. However, the estimates diverge substantially between
estimators during the earliest pre-treatment periods.

Figure A.3 presents the results when defining the treatment year as 10 years
before site establishment. In these estimates, the relative periods between 0 and
9 can be interpreted as anticipation effects. Here, a more stable and monotonic
pre-treatment trend emerges, although the estimates increase the most during
periods 5-9. Note that in this regression we lose the ever-treated sites from the
five earliest cohorts; this happens because, with the treatment year adjusted 10
years back, they no longer have observed non-treated periods. This reduction in
sample size explains the variance of the estimates in the last relative periods.

The estimates for the last five treated periods are higher than our preferred
estimates in Figure 6. However, it is questionable whether the slightly increas-
ing trend in relative periods 0—4 should be interpreted as an anticipatory effect.
Considering the trend as endogeneity and deducting the projected increase (pro-
jection based on the rate of increase during relative periods 0—4) from the post-
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treatment estimates yields an aggregate estimate of 0.17 (95% CI: 0.12-0.22) in the
last five relative periods.

Figure A.1: Dynamic estimates. Outcome coded as acres of wetland area gains.
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Point estimates of 7; in eq. (3) and 95% pointwise confidence intervals. Standard errors
clustered by state.

Dependent variable: Wetland area gains (acres)

Treated units: Private wetland mitigation bank sites (N = 400)

Control units: Candidate private wetland mitigation bank sites (N = 141)
Dashed line, black: The relative period 5 is the year of site establishment.

Dashed line, grey: Reference period and the last untreated period in estimation.
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Figure A.2: Dynamic estimates. Treatment year in estimation = site establishment
year.
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clustered by state.

Dependent variable: Wetland area gains (share of site area)

Treated units: Private wetland mitigation bank sites (N = 400)

Control units: Candidate private wetland mitigation bank sites (N = 141)
Dashed line, black: Reference period and the last untreated period in estimation.

Relative period 0 is the year of site establishment.
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Figure A.3: Dynamic estimates. Treatment year in estimation = site establishment
year — 10 years.
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clustered by state.

Dependent variable: Wetland area gains (share of site area)

Treated units: Private wetland mitigation bank sites (N = 307)

Control units: Candidate private wetland mitigation bank sites (N = 141)
Dashed line, black: The relative period 10 is the year of site establishment.

Dashed line, grey: Reference period and the last untreated period in estimation.
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B Netloss of wetland area

This section describes the procedure to calculate net loss of wetland area, as dis-
cussed in Section 7 and presented in Figure 9.
We want to calculate net loss of wetland area within the compensatory miti-

gation programs as follows:
AF — AG )
where

AF = Wetland area loss in year ¢

AP = Wetland area gains that were used to compensate for A}

We observe AtL in the ORM data (Corps, 2020). We do not directly observe AC,

but we can estimate it based on our empirical results.

B.1 Impacts

We observe wetland losses, Af, in the ORM2 data over 2012-2020. Data for years
2014 and 2015 are incomplete and total impacts for those years are projected. We
only include the impacts that fulfill all of the following criteria:

1. The impact results from a discharge of dredged or fill material (regulated
under CWA Section 404).

2. The impact results in a permanent loss of the aquatic resource.

3. The impact is compensated exclusively through private mitigation banks.
(For impacts that are compensated through a combination of permittee-
responsible mitigation, in-lieu fees and/or mitigation banks, we do not ob-
serve how many acres of lost wetland were compensated by each compen-
sation method. Excluding these impacts will adjust the impact estimates
slightly downward.)

B.2 Compensation

Let

Af =0- A, (6)
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where

A; = Total compensation area, inclusive of all compensation activities.
0= A? Vit
Ay
The parameter 6 represents the share of area gains out of the total area that was
used to compensate for losses. We observe A; in the credit ledger but we do not
observe 6.

Above, 0 is expressed in terms of acres embedded in credits that were used
to compensate for impacts. Assume that we can also express 6 in terms of acres
embedded in the credits that have been released to the banks but not yet used for compen-
sation. Then,

AG
0 — el (7)
Arel
where
Arel = Wetland area gains for which banks received compensation credits

A1 = Total area for which banks received compensation credits

In other words, A, includes wetland area gains and enhanced wetland area. We
observe A, in the credit ledger and we can estimate Afel as follows:

AC, = ATT - ZF (®)

where ATT is the estimated average percentage point increase in wetland area

atabank site. F; is the area of the footprint of bank i (the property or conservation
easement area).!!

With an estimate for AC 1> We also have an estimate for 6 and AG

. AS
0 = 7761 (9)
Arel
— EF =6 A (10)

lNote that in many cases F; # A,El ;~ We only observe the coordinates of F; and not of AS, . and

therefore we use F; in obtaining the estimates.

rel,i
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The wetland area losses, AtL, and estimates of the wetland area gains that were
used to compensate for those impacts, A¥, are depicted in Figure 9.
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C Heterogeneity

Figure C.1 shows how the estimated wetland gains vary according to the land-
scape characteristics of the treated units.

Figure C.1: Wetland area gains across landscape characteristics
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Long differences estimates and pointwise 95% confidence intervals of the effect of site establishment
on wetland area by subsamples according to quintiles of landscape characteristic at baseline (7 in
eq. (2) interacted by quintile indicators). Landscape characteristics are measured at 1 km buffers
surrounding the treated sites. Quintiles of land cover variables are constructed according to the share
of the land cover class out of the total site area. See the notes in Table 2 for details on estimation. Land

cover data source: USGS (2022).

Two findings emerge from the estimates in Figure C.1. First, the wetland
gains have occurred equally between landscapes with differing amounts of pre-
existing wetlands. An initial concern was that the wetland gains have occurred
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in landscapes with relatively large existing wetland areas. In such landscapes,
the marginal functional value of additional wetland area is smaller than in land-
scapes with few existing wetlands. The results in Figure C.1 indicate that this is
not the case. Second, most increases in wetland extent have taken place in an
agricultural landscape. The availability of suitable land area for conversion is
the single most important determinant for the type and success of compensation

projects.
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D Supplementary figures

Figure D.1: Heterogeneity of gains and losses by region

(a) Heterogeneity of net losses

(b) Wetland area gains and losses and landscape characteristics
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Panel (a): Wetland gain/loss ratios by region. Gains: Acres of wetland area gains at mitigation bank
sites. Obtained from long differences estimates by the administrative districts of the US Army Corps
of Engineers. Losses: Acres of wetland area losses by district from ORM data (Corps, 2020). Only
including regions with more than five treated sites and a positive point estimate.

Panel (b): Wetland gains and losses as in (a). Cropland and wetland shares within district from USGS
(2022) measured in 2000. Fitted line and 95% CI from a weighted linear regression where the weights
(point sizes) correspond to the number of ever-treated sites in the full estimation sample.
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Chapter 2

The Choice of Mechanism for
Biodiversity Offsetting

Abstract

Policy makers worldwide are giving increasing attention to the use of markets for off-
setting biodiversity losses from development projects. It is unclear whether market-
based instruments, such as banking mechanisms that entail third-party offsets for
developers to purchase, hold significant promise for implementing no-net-loss reg-
ulation at least cost, relative to the conventional command-and-control approach of
developer-led offsets. In this paper, we provide a theoretical examination of the costs
and benefits of the two approaches. We find that (1) if offsets by banks are of insuffi-
cient quality relative to developer-led offsets, a large enough market could compen-
sate for the lack of equivalency due to cost-savings from market expansion, and (2)
if entry costs are positively correlated with restoration quality, the market could hold
banks of low quality, which is an outcome that favors the relative performance of
developer-led offsets. We illustrate our results in the case of the US wetland mitiga-
tion program. We find evidence that differentials on offset quality and the opportu-
nity cost of land are significant drivers of the choice of offsetting mechanism, though
cost savings have a much larger impact on the choice than environmental benefits.

This chapter is coauthored with Jodao Vaz and Jessica Coria.
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1 Introduction

Development activities have altered about 30% of the land surface of the planet,
causing considerable impacts to biodiversity (Winkler et al., 2021). Biodiversity
offsets are a potentially powerful tool for relieving the tension between develop-
ment and conservation objectives. Offsets aim to compensate biodiversity loss
by enhancing, creating, or protecting environmental values on separate land. At
present, more than 100 countries have biodiversity compensation policies in place
or enabled (GIBOP, 2019). Offset projects have been estimated to occur across
upward of 150,000 km? (Bull and Strange, 2018) and the annual value of offset
transactions has grown to $US 6.3-9.2 billion (Deutz et al., 2020).

Offsetting policies differ both within and across countries, depending on the
environmental values that different programs seek to protect.!? There are, never-
theless, commonalities across regulatory frameworks. First, offsetting is usually
considered to be the final step in a mitigation hierarchy to compensate residual
damages after appropriate steps have been taken to avoid and minimize impacts
on project sites. Second, offsets serve to meet the policy goal of “no net loss”
(NNL) of biodiversity alongside development. And finally, offset policies gener-
ally fall into two broad categories: “command systems,” in which land develop-
ers are responsible for designing and constructing offset projects, and “market-
like” approaches, such as biodiversity, or mitigation banking, whereby a third
party undertakes restoration work and sells damage-equivalent restoration cred-
its to developers.

The oldest NNL regulatory framework is the compensatory mitigation policy
of wetlands in the US, which laid the foundation for offsetting programs observed
elsewhere (OECD, 2016). In the early period of the program, regulators specified
a clear preference for on-site, and in-kind, replacement of wetlands performed by
developers (Corps and EPA, 1990). This preference was based on the premise that
full and equivalent replacement of losses is best achieved by compensating with
the same type of ecosystem functions that were lost in the course of development
activities. Recent regulations, however, have expressed an explicit preference for
compensation off-site by a third-party (Corps and EPA, 2008), which led to the de-
velopment of regional mitigation banking markets, whereby developers can pur-
chase offsets from private firms that conserve land within the same watershed.'®

12A wide variety of schemes exist, including “Conservation Species Banking” and “Wetland and
Stream Mitigation” in the US, “Habitat Compensation” in Canada, “Green Offsets” and “BioBank-
ing” in Australia, the “Habitat and Birds Directive” and “Natura 2000” in the EU, and “Biodiversity
Offsets” in South Africa.

131n 2008, developer-led offsets represented 59% of the compensatory measures in the US (Madsen,
2011), while between 2015-2020, mitigation banking represented 51% (Corps, 2020).
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The main criticisms of developer-led offsets are that developers often fail to im-
plement the required mitigation and that, when they do, the restoration projects
are insufficient to meet conservation goals, due to the patchiness of small-scale
restoration projects, which fail to account for how biodiversity responds to eco-
logical processes at the landscape level (Council et al., 2001; GAO, 2005; Marsh
et al., 1997). The advantages touted for mitigation banking, on the other hand,
include the ability to carry out large-scale restoration projects that have a higher
chance of success than work done in a piecemeal, project-by-project fashion, and
that restoration can be performed in more favorable locations for the creation
of environmental values. Although other regulatory agencies have echoed the
advantages of banking (e.g., in the UK, Australia, and Sweden) and several coun-
tries are contemplating the adoption of similar strategies to improve biodiversity
protection, whether a market approach is more effective at promoting NNL, as
opposed to the developer-led mitigation option, remains an open question that

we address in this study.

Despite the emphasis on market-led mechanisms to mainstream conserva-
tion efforts, there are insufficient economic analyses of biodiversity offsetting
schemes. Most studies focus on offset production decisions by banks (Coggan
et al., 2013; Drechsler and Hartig, 2011; Fernandez and Karp, 1998), the optimal
release of offset credits (BenDor et al., 2014; Drechsler, 2022), spatial consider-
ations in the determination of ecological units of exchange (Bonds and Pompe,
2003; Drechsler and Witzold, 2009), or the determination of the value of ecosys-
tem services (Boyd and Banzhaf, 2007; Holmes et al., 2004; Yang et al., 2008),
though not on the dynamics of offset markets themselves. Notable exceptions
include Kangas and Ollikainen (2019) and Simpson et al. (2021b), who analyze
how changes in the ecological trading currency affect the performance of offsets
markets, and Doyle and Yates (2010) who examine how market entry and the
size of restoration projects affect the implementation of NNL. Previous studies
nevertheless assume that offset markets operate under regular competitive con-
ditions. However, unlike standard tradable permit markets, regulators not only
dictate property rights and market rules but also grant legitimacy to restoration
sites, match impact to restoration locations, determine the supply and demand
of biodiversity units, and employ an active oversight of market activities (Koh
et al.,, 2019; Needham et al., 2019a). It is, thus, important to understand how the
unique features of biodiversity markets inform the characteristics of participat-
ing banks and how the outcomes of mitigation banking compare to those from
developer-led mitigation.
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Herein, we contrast offset markets against developer-led offsets in the context
of NNL regulation. We model the decision by an authority that wants to achieve
NNL at the least possible cost using one of two policies: permittee-responsible
mitigation (PRM), which corresponds to the “command” approach of developer-
led offsets, and mitigation banking (MB), which corresponds to the “market” ap-
proach of third-party offsets. Our model is based on three observations about
the features of existing markets. First, MB programs are usually constrained to
large geographic or ecological boundaries, such as watersheds, with vast avail-
ability of private land that could be used for restoration purposes. ' We therefore
model market entry using a free-entry equilibrium, in which landowners enter-
ing the market as banks must pay a fixed entry cost, which corresponds to the
upfront legal and technical costs related to setting up a mitigation bank plus the
location-specific opportunity cost of land (which is never recovered, since banks
are required to put their land into a conservation easement that permanently lim-
its land-use for protection of environmental values).

Second, we allow heterogeneous quality of offsets by banks, since these are
performed at different locations with different baseline quality conditions. The
distribution of restoration effort across banks is decided by the regulator in a cost-
minimizing way. Unlike in regular competitive settings, in which firms may in-
fluence market outcomes by manipulating their production decisions, the amount
of restoration produced by banks is established at the moment a bank is created,
i.e.,, bank owners and the regulator sign a bank-enabling instrument, which is
a formal agreement establishing liability, performance standards, monitoring re-
quirements, and the terms of offset credit approval, which includes the restora-
tion actions required.

Third, the regulator establishes the currency, or the trading ratio, which re-
flects the amount of restoration units (credits) that must be provided to compen-
sate one unit of loss at a project site (debits). These ratios are customized based
on several factors, including the type of compensation (restoration, preservation,
creation), equivalence of the offset (in-kind or out-of-kind), and location (on-site
or off-site). Once the trading ratio is established and the developer is required to
purchase credits from banks, the developer meets with individual banks to agree
on the terms of the transaction. We therefore assume that the price of credits orig-
inates from a bargaining agreement between the developer and each individual
bank.

1Asa general principle, in the US, wetland mitigation occurs at the watershed level.
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Our theoretical model allows us to identify the mechanisms determining
whether the market approach performs better or worse than developer-led off-
sets. First, even if offsets by banks are of insufficient quality relative to developer-
led offsets, a large enough market could compensate for the lack of equivalency
due to the cost-reduction effect of having several banks contributing to compen-
sating a fixed amount of damages. Second, if entry costs are positively correlated
with restoration quality, the market could hold banks of low quality, which fa-
vors the relative performance of developer-led offsets. Our empirical analysis of
the choice of offsetting mechanism under the US wetland mitigation program il-
lustrates and supports our analytical findings since—despite differentials in the
quality of restoration—the benefit/ cost ratio of conservation on-site and off-site is
similar on average. Furthermore, our empirical analysis suggests that the choice
of MB over PRM is dictated by cost savings rather than environmental benefits.

The paper is organized as follows. Section 2 describes the main features of
the model. Section 3 compares the performance of PRM and MB given mitiga-
tion banks already in place. Section 4 examines entry decisions. In Section 5 we
present our empirical analysis. Section 6 summarizes our findings and concludes

the paper.

2 Model

There are three types of economic agents in the model: developers, banks, and a
regulator. Developers degrade land in the course of their economic activities and
banks convert land into restored ecosystems. Developers can also restore land,
although, while banks perform land restoration off-site, developers restore land
on-site. The regulator implements NNL by allowing one of two policies: PRM,
whereby the developer is responsible for restoring land, or MB, whereby banks
restore land that is converted into credits to be purchased by the developers to
meet their mitigation requirements.

We consider a representative developer that degrades land of a fixed size Q =
1. Land conversion generates an economic benefit of A x Q = A. Should the
developer be required to restore land on-site, it faces a set-up cost of Ffy > 0,
which can be interpreted as the cost of land adjacent to the development site
where restoration will take place. The quantity of land restored, or abatement, by
the developer is denoted by ay.

There are N landowners, or potential banks, that may retire land for restora-
tion purposes. The set-up, or entry, cost into the MB program is F; > 0 for
i =1,...,N, where F; can be interpreted as the value of alternative uses of land.
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The actual number of banks is 1 < n < N and is determined within the model.
The abatement of each of the n banks in the market is denoted by a;.

For simplicity, we let the variable cost of restoring land be identical for both
developers and banks, as land restoration often entails the subcontracting of firms
specialized in restoring ecosystems. We assume the standard strictly-convex cost
relationship ¢(a) satisfying ¢(0) = 0, ¢ > 0,and ¢” > 0. Heterogenous effects will
nevertheless emerge due to baseline land-quality conditions, which will reflect
the “real cost of restoration at different mitigation sites.

The social cost of Q = 1 units of developed land is constant and equal to
D x Q = D, and the benefit of restoration ay, at site k = 0 by the developer or at
site k € {1...,n} by each individual bank in the MB program is given by By (ay).
Both D and By are measurements of the social value of ecosystem functions lost
and restored. The value of land restored depends on the type of restoration,
baseline conditions, and location of the land restored, which are specific to each
site. For simplicity, we assume that the welfare contribution of restoration at each
site is additively separable so that the total benefit from mitigation is ) Bi(ay).
Moreover, although we assume that the marginal value of restoration is strictly
increasing in abatement, B; > 0, we refrain from making assumptions related
to the convexity properties of the benefit function, as these have implications re-
garding returns to scale from restoration, which we address later on. Therefore,
if By > 0, restoration benefits exhibit increasing returns to scale so that a larger
restored ecosystem gives more function or value than several smaller restoration
sites, and if B” < 0, benefits exhibit nonincreasing returns, so that smaller restora-
tion projects produce proportionally more benefits than those accrued from larger
projects.

The regulator implements NNL of value by ensuring that the constraint D <
Y« Br(ax) is met through one of two policies: PRM or MB. We assume that it is
technologically feasible that restoration at each site is capable of compensating
damages D.!> The goal of our evaluation is to understand the circumstances
under which one policy fares better than the other. That is, whether NNL can
be achieved more efficiently through on-site mitigation by the developer itself
(PRM), or by having one or several banks performing off-site mitigation (MB).
The objective of the regulator is to maximize economic surplus subject to the NNL
constraint. Since the size of converted land, and therefore ecological damages,
are fixed, maximizing economic surplus is equivalent to minimizing the cost of

meeting the NNL constraint.

151f otherwise, the model would capture the fact that mitigation comes at a prohibitively high cost.
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We proceed to explain the components and structure of each policy in the next

two subsections.

2.1 Permittee responsible mitigation

Suppose that the regulator implements the PRM policy. The regulator sets a level
of abatement a(, to be employed by the developer by solving:

ay = argmin {c(ag) subject to By(ag) > D and ag > 0}
ap
where a;, > 0 follows directly from the constraint, which is met at equality, since

costs are strictly increasing in abatement, so that By(aj) = D. The total surplus
under the PRM policy is W = A — ¢(a) — F.

2.2 Mitigation banking

Suppose that the regulator implements the MB policy and that # landowners de-
cided to participate in the program. Each landowner incurred in an entry cost F;
fori € {1,...,n} and the distribution of abatement is decided by the regulator in
a cost-minimizing way:

n

n
C(D) = amir; Y c(a;) subject to ) Bi(a;) > D and a; > 0 (1)
Lol izq i=1

where C(D) is the minimum aggregate (variable) cost of cleaning up damages D.

The Lagrangian associated with the problem above is

L=—)Y cla)+A
i=1

iBi(”i) -D

n
+ ) piai
i=1

and the distribution of abatement is found from the first-order conditions:

oL

— = —d(a;) +AB(a;)) +pu; =0 i=1,...,n

E)ai

oL 1 oL

= 1;31(11,) D>0 A A20 A —=A=0
oL oL

—=3;>0 A w>0 A — 0 i=1,...,n
a‘ul 1 ]’ll— a‘ull’ll
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Let {a;}_; denote the solution to the problem above. Assume that B;(0) >
c’(0) forall i € {1,...,n} so that every bank in the program makes a positive
contribution to meeting the NNL constraint: a} > 0.16

Note that for any i # j, we have:

M= s = )

That is, for an efficient allocation of abatement across banks, the equimarginal
principle must hold. This principle establishes that the marginal cost of abate-
ment, divided by the marginal benefit of abatement at every site i, must be equal
across all producers of restoration.

At the minimum, C'(D) = A* > 0 by the envelope theorem. It is the case that
the aggregate cost of restoration satisfies C(0) = ¢(0), C'(0) = ¢’(0), and, since
c"(a;) > 0, for all , it follows that C" (D) > 0.

We are now in a position to establish the first general result of our analysis
regarding how the cost of meeting the NNL constraint changes with size of MB
program. Our evaluation contrasts the efficiency of having the developer per-
forming mitigation on site versus the possibility of having more than one bank
compensate damages off site. It is therefore important that we understand how
the aggregate clean-up cost varies with the number of banks in the MB program.

There are two key effects at play as we increase the size of the market. The
first is the cost-reduction effect of having a larger pool of banks contributing to
meeting the same target. This effect drives down the total cost of the MB program
since costs are strictly convex and the individual contribution of any one firm
decreases as more banks enter the program. The second effect is the scale effect.
The fact that benefits from restoration may exhibit increasing returns to scale,
means that larger restoration projects lead to higher marginal benefits. Few large
banks could be needed to meet the NNL constraint, but this could increase the
total cost of cleaning up damages.

The key condition dictating the magnitude of the cost-reduction effect against
that of the scale effect is: -

/!

>

72 3)

167f n = 1, it must be that a > 0, irrespective of B}(0) > ¢’(0), since the NNL constraint would
not be met otherwise. For n > 1, suppose that there exists k such that a; = 0 and B;(0) < ¢/(0).
Again, it must be that for some j # k, we have a}‘ > 0 so that the NNL constraint is met. Thus,
A= c’(a]-)/B]’»(aj) > 0. Because (1) for a; = 0, we must have ¢/(0) > AB(0) and (2) A > 0, it
follows that ¢’(0) > B;(0), which is a contradiction. Thus, B;(0) > ¢/(0) guarantees that a} > 0 for all
ie{l,...,n}
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which relates the log-derivative of marginal costs against the log derivative of
marginal benefits. That is, the rate at which marginal costs/benefits change rela-
tive to their current size. If the above relationship holds, then the magnitude of
the cost-reduction effect is larger than that of the scale effect, and the total cost
of cleaning damages decreases with the number of banks. If otherwise, the mag-
nitude of the scale effect is larger, and it is possible that the total cost of the MB
program increases as more banks participate in the MB program.

Proposition 1: If ¢’ /¢’ > B}'/B! for all i € {1,...,N}, then C(D) is non-
increasing with n.

Proof: Denote by C*(D) the cost with # firms and by C°(D) the cost with n 41

firms.
Note that

n n
2 Bi(a}) =D and 2 Bi(af) + Byi1(ay4) = D.
= i=1

Since By, 1(a) ;) > 0, it must be that

Thus, there exists ak € {1,...,n} such that ap > aj.
Denote by @ (a;) = c(ax)/ B (ax), where

sign [@,’{] = sign [c”B’ — C’B”}.
Observe that

ocr o, . aCc’®
5D = A" = D(ag) and D =

A0 = @y (a2).

Since C'(0) = ¢/(0) for both C* and C°, and aj > aj, then if &, > 0, we have
AF > A0

Note that if benefits exhibit decreasing returns to scale, B” < 0, so that smaller
restoration projects lead to higher marginal benefits than larger projects, then
both the cost-reduction and scale effects work in the same direction: that of a
decrease in the overall burden of meeting NNL. If benefits exhibit increasing re-
turns to scale, B” > 0, then the cost and scale effect work in opposite directions.
However, increasing returns to scale alone is not sufficient for total costs to be

decreasing with market size. If the cost-reduction effect is more pronounced than
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the scale effect, then aggregate costs would still decrease as the size of the pro-
gram grows large.

It should be noted that (3) provides us with a sufficient second-order condition
for the stationary allocation {a}}” ; to be the minimizer to the problem. If this
condition does not hold, we cannot establish that the allocation found from the
equimarginal principal is optimal. Finding the equilibrium distribution of abate-
ment would instead require direct methods. Unless specifically stated otherwise,
we assume throughout that (3) holds.

We now turn to the interaction between banks and the developer in the MB
program. The regulator allows the developer to buy restoration from banks to
meet its mitigation requirements. This involves the setting of a “trading ratio”
that adjusts for functional differences between ecosystems lost and those restored
at the site of every individual bank. Let 0; denote the rate that converts units of
impacted land into units of restored land at site i. If the developer damages g4 > 0
units of land, then meeting the NNL from source i requires that B;(a;) = Dg,
which implicitly defines a;(g). It follows that o;(a;) = da;/dg:

(4)

so that a; = 0;(a;) X q. Thus, if the developer damages g units of land, it can meet
its mitigation requirements by purchasing a;/0;(a;) units of damage-equivalent
abatement, or credits, from source i.

If n banks participate in the MB program, the regulator stipulates that they
perform abatement {a; }' ; which, on aggregate, corresponds to the total abate-
ment necessary to clean up damages D. Because damages are fixed, the developer
must buy all the credits that have been generated by each of the n banks to meet
its mitigation requirements. Given 0;(a;}), the developer buys a; /0;" credits from

every individual bank i.

There will be a price p; per credit bought from each of the banks. The price is
negotiated between the developer and each bank on a case-by-case basis. Unlike
standard pricing models, in the MB program, banks cannot influence the price by
manipulating the supply of credits. Rather, the supply of credits is set by both the
regulator and the landowner when a bank is created. Given the level of damages
generated by development activities, the regulator requires that the developer
buy a specified number of credits from banks in the program. When a bank is
matched to a developer, it is often the case that a broker helps in the decision of a
price for the credits. We therefore assume that prices originate from a cooperative,
or Nash, bargaining agreement on how to share the surplus that both parties have
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generated: the economic benefit of land degradation by the developer net of the
cost of land restoration by banks. We provide a detailed account of how prices
are generated in Section 4, where we discuss the dynamics of market entry.

For now, it is sufficient to note that, given a set of agreed-upon prices {p;}1 ;,
the profits of the developer and of each of the banks in the program are given by:

n
mo=A-Y piai/of AN mi=pa;/of —c(af)—F fori=1,...,n (5)
i=1
and the total surplus under the MB policy is:
n
Wi=A-Y" {c(a;f) + Fl}
i=1

where }; c(a}) corresponds to the minimum variable cost C(D) introduced ear-
lier. Note that since there is no change in the efficient level of total abatement
produced, there is no deadweight loss generated by “market power.” Rather, the
total surplus is kept constant irrespective of the prices that originate in the model.
The distribution of surplus across banks and the developer, however, will be dif-
ferent, as it will depend on each bank’s contribution to the total restoration effort,

as well as on the bargaining power between the developer and each bank.

3 Comparing PRM vs MB

We are now in position to compare the performance of PRM and MB. We start
by ignoring entry costs and focus on an ex-post evaluation of the two policies,
assuming that n banks have decided to participate in the MB program. Let us

assume that the benefit function of each firm i is given by:
Bi(a;) = if(a;)

where J; reflects site-specific restoration quality and f(a) is a strictly increasing
(f" > 0) though potentially nonlinear function that formalizes returns to scale.
To help us gather intuition, we consider first the case of linear benefit function
(i.e., constant returns to scale) and discuss afterward how the results change in
the case of nonlinear benefits (see Appendix A).

Assume that f” = 0, such that B;(a;) = 6;a;, with §; > ¢/(0) fori =1,...,n,
so that every bank generates a positive abatement a; > 0. Further, suppose that
each bank has a distinct restoration value é;. The allocation of abatement for n > 1
banks participating in the MB program follows from the equimarginal principle
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in (2), such that

=— for every i # j.

Because ¢’(a) > 0, it must be that for any §; > (Sj, we have a} > a;‘. That is,
banks with higher restoration values should produce a larger level of abatement.
It is nevertheless the case that, were only one bank to participate in the MB pro-
gram (i.e., n = 1) its abatement would follow from the constraint, a; = D/J7,
so that the larger the marginal restoration value, the lower the level of abatement
employed.

Result 1: Suppose that "' = 0 and each bank i = 1,...,n has a distinct restoration
value §;.

(a) If max{d;} > &y then MB 7~ PRM for all n > 1.
(b) If max{6;} < dy, then, for every n > 1, there exists 6(n) < &y such that:

1. for max{¢;} > &(n), we have MB = PRM.
2. formax{d;} < &(n), we have MB < PRM.

Moreover, 6(n) is decreasing with n.

Proof: Let max{d;} = &1 so that restoration values are sorted in descending
order: 61 > .-+ > ,,.

Let af |n define the equilibrium abatement of bank i = 1,...,n given an MB
program of size n.

-Ifn = 1and §; > &y, then aj|; < af, so that c(aj) > c(af|1). Since f”" =0,
it follows from Proposition 1 that c(aj|1) > ¥ c(a]|n), with strict inequality for
n > 1. Thus c(afy) > Y; c(af|n) or MB 27 PRM whenever d; > &.

-From C(D) in (1) and using the envelope theorem, we have dC/9dd; = —A*a’ <
0. That is, the total cost of MB program is decreasing with restoration value J;.
Therefore, cost with heterogeneous 61 > - -+ > §, is larger than cost with homo-
geneous values equal to d;. Thus, }; c(af|,) > nc(D/néy).

Result 1(a) establishes that if there is at least one bank with a marginal restora-
tion benefit that is larger than that of the developer, then the MB program will
necessarily fare better than PRM, irrespective of the size of the program. Result
1(b) establishes that if all banks in the program exhibit restoration values that
are smaller than that of the developer, then, for MB to fare better than PRM, the
restoration value of the more productive bank needs to lie above a threshold that
depends on the size of the market. Because costs with the MB program decrease

as the program grows large, this minimum restoration value decreases as the size



57

of the market increases. We illustrate the importance of the restoration value of
the more productive bank with the following example.

Example: Suppose that c(a) = a® and 6;,1 = &; fori = 1,...,n — 1 and
0 < & < 1withé; > 0. The PRM policy entails aj = D/Jy, whereas the MB policy
with n banks entails:

0; .
a;‘:Dxfélzforlzl,...,n. (6)
Observe that
1— 8211
-1 2 :
i5f=5%nz:£2k= 07 x T2 ife <1
=1 k=0 8 xn ife =1.
If we define
1— 2n
5 fe<i
¢(g,n) = 1—¢
n ife=1
we may rewrite a; as
a* B 2 y 8l—1
L6 @(en)
such that
n D)Z 1
c g’." = | — X
1; (@) (51 (e, n)

Now, if we compare PRM to MB:

c(ap) — Xn:c(ai*) = D? x

i=1

Thus, MB 7 PRM as long as:
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By defining the threshold value J1 (1, ¢) from meeting the above at equality, we
find:

3 3

(4] S = b x (=1/2) x ple,n) 2 x % <0
36 2

(B 5L =y x (~1/2) x plen) > aif <0.

[A] is a reiteration of Result 1(b): for MB >~ PRM, the minimum restoration value
of the more productive bank decreases as the size of the MB market increases. [B]
tells us that the minimum restoration value decreases with increases in the ¢ pa-
rameter, which formalizes the degree of heterogeneity among banks. An increase
in € may be interpreted in two ways. As e approaches one, (1) the restoration
value of the more productive banks becomes relatively homogeneous, or (2) the
decay rate of restoration quality is small at the extensive margin. Both interpreta-
tions chime with the observed MB policy where banks must be within the same
watershed of impact locations. First, marginal benefits of land restored within
the same watershed would be more homogenous, which might increase the like-
lihood that off-site mitigation is an adequate replacement to damages at impact
locations, and therefore decrease the minimum quality required for the MB pro-
gram to fare better than PRM. Or second, if banks that are located at farther lo-
cations are of lower ecological equivalency, the smaller the decay rate, the lower
the minimum quality of the more productive bank (or that which is closest) to
compensate for the lower productivity of more remote banks.

Concerning the non-linearity of the benefits function, it is unclear what type
of returns to expect since the extent to which the scale of on- and off-site restora-
tion projects is important for compensating damages depends on the functions
and values lost due to development activities. For instance, whereas a large-scale
restoration project may be appropriate when degradation is extreme, (e.g. when
hydrologic processes have been modified through the alteration of flow regimes
of waterbodies), small-scale projects may provide more benefits if the type of
restoration needed entails plant diversity, the removal of invasive weeds through
hand-pulling methods, or the control of nutrients at isolated locations to improve
water quality (Woodward and Wui, 2001). In Appendix A, we show that Re-
sult 1 also holds if the benefit function exhibits decreasing/increasing return to
scale, and that minimum level of individual quality of banks required for MB to
fare better than PRM decreases (increases) with decreasing (increasing) returns to
scale.
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4 Market entry

In the previous sections, we performed an ex-post welfare analysis of the two
policies. Here, we examine the entry decision by individual banks. To do so, we
reintroduce costs of entry. Landowners will enter the market as restoration banks
if there are positive profits to be made in the MB program. The profit of each
individual bank is that given by (5). Thus, banks will enter the program if

Fi +c(af)

*
a;

(7)

Pz
7i
That is, if the price per unit of abatement is greater than average total costs (ATC).

The price p; is determined on a case-by-case basis through a bilateral agree-
ment between the developer and any one bank. In equilibrium, the developer is
required to buy all the credits have been generated by each of the n banks that de-
cided to participate in the program. Each bank i produces a; /o; credits. Denote
the total amount of credits by (), where () =} ; a /0;. The benefit that the devel-
oper derives from a bilateral agreement with bank i is A x (al’f /07)/Q, where A is
the total benefit from imposing damages D and (a;/0;) /() is the share of credits
bought from source i, or the fraction of benefit A that emerges from the transac-
tion with bank i. If a bilateral agreement is reached, the payoff from a successful
negotiation to the developer is:

fto = [A/Q — pi] x (af /o)
and that of the bank is:

7t = [pi —c(ai)/ (af fo7)] x (a} /7).

As mentioned in Section 2.2, the environment determining the price emerging
from the interaction between the developer and banks is that of Nash bargaining
(Nash, 1953). The bargaining problem consists of a set of feasible agreements and
a pair of disagreement payoffs which specify what each side would obtain in the
absence of an agreement. For simplicity, we set disagreement payoffs to zero.
The Nash-bargaining solution arises from the product of the differences between
the payoff each party assigns to an agreement. Formally, the Nash-bargaining
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solution is the value of p; which solves:!”

1- *
max [A/Q =pi] " [pi—e(af)/ (a [o})]
where 0 < 5 < 1 is interpreted as a measure of bargaining power of the bank,
where 7 = 1 indicates that the bank has maximum bargaining power (Moene

etal., 1992). If an agreement is reached:

c(a)
G

., A
pi=ng+t1-mn)

where the price has the reasonable form of a weighted average between the max-
imum amount that the developer would be willing to pay and the minimum
amount that the bank would be willing to accept as the outcome of the negoti-
ation. That is, a weighted average between the benefit generated by the produc-
tion of one credit, A/(), and the variable cost per credit, c(a})/(a} /c}), or the
cost of abatement divided by the suppliable credits that the abatement produced.

Observe that, if a firm decides to enter the MB program by paying the fixed
cost of entry, the negotiated price must generate enough revenues to cover vari-
able costs, since otherwise the bank would “shutdown.” The entry condition in
(7) can thus be recast in terms of whether the surplus above variable costs per
credit that a bank can capture through bargaining can compensate fixed costs per

credit:

7 % (8)

A c(af) Fi
6 T % > * * "
al /o, al /o,
The objective now is to understand how the different quality of banks and the
potentially heterogeneous fixed costs of entry inform the characteristics of the
banks that participate in the MB program.

17Nash (1953) sets forth six readily acceptable assumptions regarding the outcome of a coopera-
tive bargaining solution. The solution is (1) contained within a set of feasible solutions, (2) rational
in outcome, in the sense that each player receives a payoff no less than its threat point payoff, (3)
independent of irrelevant alternatives, (4) independent of linear transformations of the set of payoffs,
(5) unaffected by the numbering of players, and (6) pareto optimal. He then proves that if these as-
sumptions are satisfied, a unique solution can be obtained by maximizing (14). For more details, see
Binmore et al. (1986).
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4.1 Entry decisions

Suppose that each landowner i =1,..., N exhibits a heterogeneous entry cost F;.
The entry condition in (8) is replaced by:

F; +nc(ay) forn =1
A*QD x T(a,F) forn>1

where

1
a;

r(af, B = @) !

Define w; as the abatement level associated with the minimum ATC of bank i,
such that w; = argmin{ATC(a, F;) }, where ¢’ (w;) = (F; + w;)/w; and dw;/dF; >
a

0 — that s, the larger the F;, the larger the minimizer w;. Denote by w = max{w;}.
Note that, if a; > w, we have:
orT orT

0 d —>0.
qar <0 and op>

Proposition 2: Suppose that each landowner k € {1,..., N} exhibits an entry cost
F.>0.

(a) Forn =1, if corr(af, F) > O, then ¥ (a}, F;) > ‘I’(a}*,Fj)for aj > a;.

(b) Forn > 1, if corr(af,F) < 0and a; > wfori € {1,...,n}, then ¥(a}, F;) <
‘Y(a;-k,F]-)for aj > aj.

Note that the smaller the ¥ (a;, F;), the more likely that entry condition (9) is
satisfied, or the greater the surplus of bank i upon entry. For n = 1, if equilib-
rium abatement is positively related with entry costs, ¥ (a;, F;) is monotonically
increasing with abatement. Thus, the surplus is highest among banks that face
the lowest entry costs and that are required to perform a lower level of abate-
ment by the regulator. On the other hand, for n > 1, if equilibrium abatement
is negatively related with entry costs, ¥ (a;, F;) is monotonically decreasing with
abatement. Thus, the surplus is highest among banks that face the lowest entry
costs and are required to perform a higher level of abatement.

From previous sections, we know how equilibrium abatement is related to the
quality parameter ;. For n = 1, the higher the ¢;, the lower the abatement level
required to clean up damages. For n > 1, the higher the J;, the higher the abate-
ment level allocated to bank i. This observation combined with the provisions in
Proposition 2 reinforces the same idea: For any market size n > 1, when firms
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with the highest quality also face the smallest entry costs, they stand to gain the
most from entering the MB program.

An implication from Proposition 2 is that if # > 1 banks enter the MB pro-
gram, and corr(é;, F;) < 0, the MB program hosts the banks with the highest
quality. This is to say, if the market is populated by at least one bank, and if the
correlation between quality and entry costs is negative, so that banks with land
of the highest restoration quality face the lowest costs of entry, we can be sure
that the banks that have entered are those of the highest quality. If the regula-
tor knows that off-site restoration is of sufficient quality to match that of on-site
restoration, then the MB policy will always fare better than PRM. If otherwise,
then a large enough market will ensure that MB fares better than PRM due to the
cost-reduction effect of a larger market at the extensive margin. We summarize
this point below.

Result 2: Suppose that corr(6;, F;) < 0.

(a) If max{d;} > &y, then MB 7z PRM for any n > 1.
(b) If max{d;} < &y, there exists a7 > 1 such that, if n > 7, then MB 2Z PRM.

However, if quality and entry costs are positively correlated, then it is am-
biguous which types of banks have entered. If on the one hand banks with the
highest quality face the lowest post-entry costs (and thus the largest post-entry
surplus), those same banks also face higher entry costs, which might deter them
from entering. Overall, because the relationship between equilibrium abatement
and surplus is no longer monotonic, we could have a situation where either only
high- or only low-quality banks enter the market. If low-quality banks perform
restoration of insufficient quality to match that performed by the developer, PRM
will fare better than MB. We illustrate this point with an example.

Example: Suppose that c(a) = a® and B;(a;) = &;a;. Suppose that N = 2, and
denote the two landowners by A and B, where 64 > 6y > Jp.

As before, let a(’) denote the equilibrium abatement of the developer, but, for
ease of exposition, let a}|, denote the equilibrium abatement of bank i € {A, B}
given that n banks have entered the program. In this example, 7 is either 1 or 2.

If n =1, thenaj = D/éy and af|y = D/J; fori € {A, B}. The entry condition
for bank i is 7[A — c(a}|1)] > F, where c(a}];) = (D/5;)>

Let S;|; denote the ex-post surplus for n = 1 with bank i:

Sili = [A—c(af]1)] =

Note that, since 54 > dp, we have S4|1 > Sp;.
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If n = 2, one may show that:
ayla=64xDJ/0 A apla=6gxD/0 AN A*=2xD/6

where 0 = 65 + 63
From o} = D/6;f'(a}), one may show that ) = 1.
The entry condition in (9) can thus be simplified to #[A — Y2, c(af]2)] x x; >

F, where

2
Y c(afl) =D?/6 and «; =07/0
i=1
where 0 < x; <land k4 +xg = 1.
Let S|, denote the total ex-post surplus from n = 2 with banks A and B and
Si|2 the ex-post surplus gathered by bank i:

2
A— Zc(afz)] and Sj|» = S| X k;
i=1

Sl =

where the individual surplus of bank i is the share «; of the total surplus S|,. Note
that S|, > S;|;. That is, the ex-post surplus with n = 2 is greater than that with
n = 1. One may show that:

Sali > Sal2 > Sgla > Sgli (10)

That is, the ex-post surplus of the high-quality bank decreases if it shares the
market with the low-quality bank, S4|1 > Sa|2, whereas the ex-post surplus of
the low-quality bank increases if it shares the market with the high-quality bank,
S B| 2>S B|1-

Recall that the entry condition for bank i given that n banks participate in the
market is 75|, > F;. Also note that MB 72 PRM whenever bank A enters (either
by itself or with bank B). If only bank B enters, then PRM is better than MB.

Assume that quality is negatively correlated with entry costs: §4 > Jp and
F4 < Fp, and that at least one bank has entered the market. It is enough to
show that there cannot be an equilibrium where only bank B enters by itself. If
7Sgl1 > Fp (so that bank B enters alone), because (1) 7S4|2 > #Sg|2 > Sg|1 by
(10) and (2) Fg > F4, then it must be that if the entry condition is satisfied for bank
B to enter by itself, then it must necessarily satisfy the entry condition where both
banks would wish to enter together. Therefore, the market will always include
high-quality banks. Because d4 > J, it follows that MB 77 PRM.
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Now, suppose that quality is positively correlated with entry costs: 54 > Jp
and F4 > Fp. Again, assume that at least one bank enters the market. Here, we
cannot guarantee that there will not be an equilibrium where bank B enters by

itself. In particular, if
nSal > Fa >nSal2a > nSal2 > ySpl1 > Fs

then both banks would wish to enter by themselves, #S;|; > F;, bank B would
strictly prefer to share the market with the other bank, Sg|, > Fp, but bank A
would never enter in tandem with bank B, F4 > 1S4]|2. Therefore, we are left
with two possible equilibria: either bank enters by itself. It is nevertheless more
likely that the equilibrium with the low-quality bank is the one observed, since
there is a “credible threat” that it enters the market when the high-quality bank
enters as well.

5 Empirical analysis

The analysis above has shown that despite of quality differentials between the
restoration values of on-site and off-site mitigation, MB might fare better than
PRM if there are many banks in place. This might hold even if some of the banks
are of low quality. In what follows, we investigate whether such results hold in
the case of the US wetland mitigation program. We examine the actual differen-
tials in quality of restoration between impacted sites and banks, as well as the
correlation between land value and the quality of restoration. Furthermore, we
examine if—in line with our analytical results—differential in offset-quality and
opportunity costs of land have affected the actual choice of mitigation mechanism
and the market entry of mitigation banks.

5.1 Offsetting under the US Wetland Mitigation Program

US wetlands and streams are protected under Section 404 of the 1972 Clean Wa-
ter Act (CWA) which provides the US Army Corps of Engineers (Corps) and the
US Environmental Protection Agency (EPA) the authority to regulate impacts on
aquatic resources. In a Memorandum of Agreement adopted in 1990, the Corps
and the EPA established no net loss as a guideline for reviewing permits for im-
pacts to wetlands and streams (Corps and EPA, 1990). Since then, compensatory
mitigation has been required to compensate for unavoidable impacts to aquatic
resources. The two primary methods of compensatory mitigation are permittee-

responsible mitigation (PRM), where the permittees themselves undertake the
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compensation project; and mitigation banking, where entrepreneurial firms in-
vest in compensation projects and sell offsets to permittees.'®

In the 1990 Memorandum of Agreement, the agencies expressed a preference
for on-site and in-kind mitigation, i.e. permittee-responsible mitigation. Over
the course of the following two decades, this preference gradually changed to
favor mitigation banking. In a 1995 guidance document (Corps and EPA, 1995),
the agencies identified two distinct benefits of mitigation banking. First, com-
pliance monitoring is more effective when the regulator only needs to visit one
mitigation bank site as opposed to many PRM sites. Second, mitigation banks
would make compensatory mitigation practicable in cases where PRM was not
enforced at that time (Council et al., 2001). At the same time, several reports indi-
cated that on-site PRM was performing less than adequate in terms of ecological
outcomes and that non-compliance rates were high (Council et al., 2001; GAO,
2005). Explicit regulatory preference for mitigation banking was incorporated in
the 2008 Final Compensatory Mitigation Rule (2008 Rule, Corps and EPA 2008).
After the adoption of the 2008 Rule, mitigation banking became increasingly used
as the preferred compensation method. While PRM represented about 60% of all
compensatory measures permitted by the Corps in 2008 (Institute for Water Re-
sources, 2015), it represented only 33% over 2015-2020. By contrast, mitigation
banking represented 51% of all mitigation methods in 2020 (Corps, 2020).

Figure 1 shows the distribution of impacts and mitigation banks in the con-
tiguous United States. The maps indicate persisting differences between the pref-
erences of local jurisdictions. For example, in the Northeastern US, state author-
ities have favored PRM and ILF over mitigation banking. Likewise, Wisconsin
has significantly fewer mitigation banks than Minnesota, despite a high density
of impacts in both states. Figure 1c displays the evolution of the offset market
over 1990-2020. Offset supply increased drastically following the 2008 Rule and
the establishment of new mitigation banks. Offset purchases have also steadily
increased, reflecting the change in regulatory preference and the increased op-
portunity to resort to mitigation banking instead of PRM.

18More recently, in-lieu fee (ILF) programs have also emerged as a mitigation method. ILF pro-
grams function in a similar manner to mitigation banking with two important distinctions. First, only
government agencies or nonprofits may establish these programs. Second, while a mitigation bank
must complete the conservation project before selling any credits, ILF programs may first sell com-
pensation credits and then use the funds for a conservation project at a later point in time. In this
analysis, we only consider the comparison between PRM and mitigation banking.
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Figure 1: Impact and mitigation bank locations

(a) Impacts to wetlands (b) Mitigation banks

(c) Credit supply and transactions in the US mitigation banking program
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Credits supplied: Credits released to mitigation banks upon compensation project completion.
Credits transacted: Credits purchased by Clean Water Act Section 404 permit holders.

Data sources: Corps (2020, 2022). Recorded impacts over 2012-2020. Michigan and New Jersey are

not included in the data as they administer the CWA Section 404 program independently from the
federal authorities.



67

5.2 Data sources

Information on impacts was obtained through Freedom of Information Act re-
quests from the Operations and Maintenance Business Information Link Regula-
tory Module (ORM) administrated by the US Army Corps of Engineers (Corps,
2020). The data are observed over 2012-2020. The ORM database includes de-
tailed characteristics of each impact, including impact coordinates, size of the
impact, and type of affected water resource. Importantly, for each impact, we ob-
serve whether compensatory mitigation was required and whether PRM or mit-
igation banking was the chosen mitigation method. One permit entry typically
has several recorded impacts. We aggregate the data to the permit level, resulting
in 21,061 unique observed development projects where compensatory mitigation
was required for impacts to wetlands.

We obtained a complete record of wetland mitigation banks and credit trans-
actions from the Regulatory In-lieu fee and Bank Information Tracking System
(RIBITS) (Corps, 2022). In addition to the characteristics and coordinates of indi-
vidual banks, the database includes the service areas of the banks and a complete
credit transaction ledger. These data enable us to identify the banks that were
available to supply compensation credits for a given impact and the total quan-
tity of credits available for purchase.

To measure the costs and benefits of wetland conservation at the impact and
mitigation bank sites, we use two spatially explicit data sources. For the con-
servation costs, we retrieve land value estimates from Nolte (2020). These esti-
mates comprise predicted sale prices for all properties in the contiguous US in
2010. These data provide us a proxy for the fixed set-up cost of conservation
actions on land, or, the opportunity cost of conservation. For the benefits of wet-
land conservation, we use wetland conservation values estimated by Taylor and
Druckenmiller (2022). The data are provided as the payback period of wetland
conservation. The payback period is the year in which, in a given location, the
expected value of the benefits from wetland conservation exceeds the opportu-
nity cost of conservation i.e. the value of land as measured by Nolte (2020).1° The
underlying benefit estimates are based on avoided flood damages which in turn
are estimated from flood insurance claim data. That is to say, the benefit mea-
sure excludes the conservation value of wetlands along other dimensions, such
as water purification and quality control, or recreation values. Still, the measure
provides us with a lower bound on the value of preserving wetlands.

19From the payback period and land value data we calculate the implied present value of conser-
vation measured in USD per hectare per year.
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In addition, to proxy for variable costs of conservation, we use the Potential
Wetland Areas (PWA) data layer from the US Environmental Protection Agency
(US Environmental Protection Agency, 2022). The PWA data delineate, at a 30-
meter resolution, areas that naturally accumulate water due to topography and
have historically had poorly or very poorly draining soils. The data are provided
as an index which we aggregate into a binary variable that indicates if any wet-
land potential is evident.

5.3 Data description

We begin by illustrating in Figure 2 how impacts and mitigation banks are dis-
tributed and how the distribution relates to land values and conservation ben-
efits. Figure 2a shows the distribution of impacts and mitigation banks against
land value within the state of Georgia. Impacts are concentrated in urban and
suburban areas with high economic activity and also high land values. Mitiga-
tion banks are located more evenly across the landscape and in less expensive
areas. This observation highlights one dimension of potential cost savings from
relocating conservation efforts from the impact locations to mitigation banks.

Figure 2b illustrates the relationship between land value, conservation ben-
efit, and payback period across the contiguous US. Here, the statistics are cal-
culated against regional means and thus represent within-region correlations.?’
First, the correlation between land value and conservation benefit is positive and
monotonous across the land value distribution. Recall that the benefit measure is
based on avoided flood damages which in turn are estimated from flood insur-
ance claims. These damages increase with economic activity and population den-
sity and they are thus also highly correlated with land value. This observed posi-
tive correlation relates to the implications of Proposition 2 in our model. Namely,
in a setting where the correlation between mitigation quality and entry cost is
positive, it is ambiguous whether mitigation banks of high or low quality have
entered the market.

Second, assessing the relative magnitudes of conservation benefit and the op-
portunity cost of conservation, the left panel in Figure 2b depicts how the con-
servation payback period evolves with land value. The relationship is nonlinear,
and the graph suggests that the most favorable comparison between benefits and

costs occurs between the 40th and 80th percentiles of land value.

20Throughout the analysis, we use the 6-digit level of Hydrological Unit Code (subwatershed)
as the region unit. This level best approximates the size of one service area of a mitigation bank,
i.e. the geographic extent of one compensatory credit market. In practise, the service areas overlap
considerably between banks. For this reason, we choose to approximate the markets with the HUC
6-digit regions.
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Figure 2: Land value and conservation benefits

(a) Distribution of impacts and mitigation banks in Georgia
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Data sources: Corps (2020, 2022); Nolte (2020); Taylor and Druckenmiller (2022). In panel (b), the
unit of analysis is a 12-digit Hydrological Unit Code region. The statistics are calculated by averaging
the data within 12-digit HUC regions and then demeaning against 6-digit HUC region means. Land
value measured in log USD per hectare. Conservation benefit is measured in log USD per hectare per

year. Payback period is measured in years.
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Table 1 provides further descriptive statistics to compare the impact sites and
mitigation bank sites in our sample. The differentials in conservation benefit and
land value follow directly from the observations made in Figure 2. The average
conservation benefit is substantially higher at the impact locations in comparison
to the mitigation bank sites. Likewise, the average land value is higher at the im-
pact sites than at the mitigation bank sites. However, the land value differential is
not enough to offset the payback period calculation in favor of mitigation bank-
ing. The difference in the average payback period is over three years in favor of
permittee-responsible mitigation.

Mitigation bank sites do, however, have a higher share of area with wetland
potential. This indicates that mitigation banks likely have an advantage over
PRM in terms of the variable costs of wetland restoration. It is equally impor-
tant to observe the difference between the average sizes of impacts and mitiga-
tion banks. While the conservation benefit and payback period measures would
favor permittee-responsible mitigation on a per-acre basis, the average cost of
restoration is likely substantially lower at mitigation banks due to the influence
of fixed costs and scale effects. Overall, while the payback period measure would
favor PRM by a small margin, the cost-reduction potential of mitigation banking
is strong and it is reasonable to assume that this feature has dictated the evolution

of the compensatory mitigation program.

Table 1 only presents aggregate statistics, and it is important to emphasize that
the choice of mitigation method depends on the specific comparison between the
possibility of PRM at the impact site and the banks that service that particular im-
pact. Figure 3 exemplifies this comparison and particularly the heterogeneity of
the comparison in a given market setting. Here, for a specific impact, the features
of PRM are evaluated in comparison to the attributes of all available mitigation
banks that were available for compensation. These banks are those whose service
areas overlap with the impact site and have credits available for acquisition. The
left panel shows that the conservation benefit is strictly larger at the impact sites
than at the average available mitigation bank in 76% of the observed projects.
However, in terms of payback period, permittee-responsible mitigation would
(strictly) dominate the average mitigation bank in 59% of the observations. Com-
pared to the best available bank (lowest payback period), PRM would strictly
dominate in only 22% of the observations. These figures demonstrate that the
particular features of a given market greatly influence the comparison between
PRM and mitigation banking.
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Table 1: Descriptive statistics

Variable Impact sites Mitigation banks  Difference

Conservation benefit

(US $1,000/ha/year)
Mean 89.38 13.83 7555
Std. dev. 279.60 58.66

Land value

(US $1,000/ha)
Mean 132.74 25.53 107.21"
Std. dev. 297.11 66.08

Payback period

(years)
Mean 7.23 10.45 —3.22™
Std. dev. 9.86 12.78

Wetland potential

(% of site area)
Mean 0.44 0.62 —0.18"™
Std. dev. 0.39 0.34

Area

(acres)
Mean 248 489.13 —486.64""
Std. dev. 25.61 1,362.94

Mitigation method
PRM 30.5 %
MB 69.5 %

N 21,061 1,251

ok

"p <0057 p<001,

p < 0.001. Welch two-sample t-test.

Sources: Corps (2020, 2022); Nolte (2020); Taylor and Druckenmiller (2022); US Environ-

mental Protection Agency (2022)
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Figure 3: Differences between characteristics of impact sites and mitigation bank
sites
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A indicates the difference between the value of the variable at the impact site and the average value
among available mitigation banks. Available mitigation banks comprise banks whose service areas
overlap with the impact site and have credits available for acquisition. These mitigation banks could
potentially have sold credits to the permittee to compensate for the impact.

Sample: Impacts to wetlands over 2012-2020 where compensatory mitigation was required and at
least one mitigation bank was available (N = 18,669).

Data sources: Corps (2020, 2022); Nolte (2020); Taylor and Druckenmiller (2022).

5.4 Choice of offsetting mechanism in practice

In this section, we turn to analyze the extent to which the factors included in
the theoretical model (related to the benefits of conservation, fixed set-up costs,
variable costs of conservation, and market size) predict the choice of mitigation

method for individual impacts.

5.4.1 Model variables and choice of mitigation method

To analyze the relationship between the model variables and the observed choice
of mitigation method, we regress the choice of mitigation method against the
characteristics of PRM and mitigation banking in a given permit decision setting.

In particular, we estimate a logit model as follows:

IR

log <111P> = ﬁlAPi+ﬁ2ACi+0¢y+’)’t +¢&; (11)
— 4

where IP; is the conditional probability of choosing permittee-responsible mitiga-

tion to mitigate for impact i. The model variables Ap; and Ac; compare the charac-

teristics of on-site mitigation to the characteristics of the most advantageous bank
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in the dimension of the respective variable. Ap; is the difference between the pay-
back period at the impact site i and the lowest payback period among available
mitigation banks, and Ac; is the difference between the wetland potential at the
impact site and the highest wetland potential among available mitigation banks.
Region fixed effects a; and year fixed effects y; control for the cross-regional level
differences and for the common evolution of regulator preferences. We use Hy-
drological Unit Code 6-digit (HUCS6) regions as the geographic unit of the fixed
effects. These HUC6 regions approximate the size of a mitigation bank service
area i.e. the region where a mitigation bank can sell credits.

In a variation of the empirical model, we decompose the payback period vari-

able to respective land value and conservation benefit variables as follows:

]ID.
log (1 l]P ) = ,BlAFi + ,BZA(S,' + ﬁg,ACi +ar+ 9 +g (12)
—

where AF; is the difference between land value at the impact site and the lowest
land value among available mitigation banks and AJ; is the difference between
conservation benefit at the impact site and the highest benefit among available
mitigation banks.

The estimation results are presented in Table 2. Columns (1) and (2) present
estimation results without region and year fixed effects. Noting the influence of
regulator preferences and the large cross-regional variation in the outcome vari-
able, these estimates should be interpreted as describing associations between
regions. All estimated coefficients have the expected signs. Starting from model
(1), the marginal effect of the difference in payback period is moderate in mag-
nitude. Between the first and last deciles of the estimation sample in terms of
payback period, the difference in the predicted probability of choosing PRM is
15.1% (95% CI: 11.2-18.3%). Wetland potential is also an important determinant,
with the respective difference in predicted probability at 8.1% (95% CI: 6.9-9.3%)
between the first and last deciles of the sample.

In model (2), the average marginal effects would imply a large influence of
both land value and conservation benefit when keeping the other variable con-
stant. However, one should note the positive correlation between land value and
conservation benefit in the estimation sample. Between the first and last deciles
of the sample in terms of land value difference, the difference in the predicted
probability of choosing PRM is 26.8% (95% CI: 22.7-30.3%). The same statistic
with respect to conservation benefit is 10.2% (95% CI: 7.8-12.8%). Here, one may
infer that in the choice of mitigation method, the difference in the opportunity
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cost of land use plays a considerably more important role than the difference in
conservation benefit.

Columns (3) and (4) present estimation results with region and year fixed ef-
fects included, accounting for the level and the common trend of regulator prefer-
ences.?! The fixed effects also largely capture the variation in market size. Here,
the estimates are substantially attenuated toward zero. Also, the predicted dif-
ferences in choice probabilities between the first and deciles of the variables are
attenuated. Still, the differences between the influence of land value and conser-
vation benefit persist. According to the estimates of model (4), between the first
and last deciles of the sample in terms of land value, the difference in the pre-
dicted probability of choosing PRM is 5.4% (95% CI: 6.3—4.2%) while the respec-
tive difference regarding conservation benefit is only 0.7% (95% CI: 0.01-1.5%)

Table 2: Choice of mitigation method

Dependent variable: I(PRM chosen)

1) 2 (3) 4)
A Payback period —0.00277** —0.00129*
(0.000936) (0.000575)
A Land value —0.0780*** —0.0311***
(0.00999) (0.00554)
A Conservation benefit 0.0369*** 0.0153***
(0.00613) (0.00382)
A Wetland potential 0.0658* 0.0251 0.0332* 0.0226
(0.0328) (0.0296) (0.0145) (0.0143)
Region FE No No Yes Yes
Year FE No No Yes Yes
N 18492 18268 17919 17647

“p <0057 p<001," p<0.00L.

Average marginal effects from logistic regression. Standard errors in parentheses. Stan-
dard errors clustered at Hydrological Unit Code 6-digit level. Region fixed effects at
Hydrological Unit Code 6-digit level.

A indicates the difference between the value of the variable at the impact site and the
most favorable value among available mitigation banks (lowest payback period, lowest
land value, highest conservation benefit, or highest wetland potential).

Sample: Impacts to wetlands over 2012-2020 where compensatory mitigation was re-
quired and at least one mitigation bank was available.

Data sources: Corps (2020, 2022); Nolte (2020); Taylor and Druckenmiller (2022); US En-
vironmental Protection Agency (2022).

Table B.1 in the Appendix presents results from regressions where the ex-
planatory variables are constructed as the difference between the value of the
variables at the impact site and the average value among available mitigation

21Some observations are dropped due to there being only a single observation within a Hydrolog-
ical Unit Code 6-digit region.
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banks (instead of comparing against the most favorable value among available
mitigation banks as in Table 2). In these estimates, we observe the expected asso-
ciation only with respect to land value.

In sum, the estimated associations between model variables and the choice of
mitigation method, as depicted in Table 2, are in the expected direction and ex-
plain well regional differences in the choice of mitigation method. Nonetheless,
the model variables offer limited explanatory power when examining within-
region variation. In particular, regulator preferences and geography are both im-
portant determinants in the choice setting but are absorbed in region fixed effects.

5.4.2 Market size

The effects of the model variables are mediated through supply and demand dy-
namics and in particular the market entry of mitigation banks. Figure 4 visualizes
how the availability of compensation credits strongly predicts the choice of mit-
igation method. The left panel shows the relationship between the number of
credit suppliers and the choice of method. The right panel displays the relation-
ship regarding available credits, adjusting for credit demand. In both panels, it is
evident that mitigation banking is the predominant mitigation method in regions

where the market is dense and there is an ample supply of compensation credits.

Figure 4: Choice of mitigation method and market size
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Sample: Impacts to wetlands over 2012-2020 where compensatory mitigation was required and at
least one mitigation bank was available (N = 18,669).

Data sources: (Corps, 2020, 2022)

The stylized finding in Figure 4 may equally well reflect regulator preferences
or the fundamentals in our theoretical model. On one hand, banks are more likely
to enter the market in regions where the regulator favors mitigation banking. On
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the other hand, in regions with a large number of banks, there is a stronger like-
lihood that at least one available mitigation bank dominates on-site mitigation
in terms of costs and benefits. This is illustrated in Figure B.1 in the Appendix.
The figure shows how each measure becomes more favorable towards mitigation
banking as the number of banks increases. While this relationship can be purely
mechanic from a statistical perspective (the difference between on-site mitiga-
tion and the best available mitigation bank increases as the number of banks
increases), it remains a valid question whether regions with more apparent ex-
ploitable gains are more likely to attract mitigation banks.

To explore this mechanism, Figure 5 plots the number of mitigation banks
against the standard deviation of the model variables as measured within a Hy-
drological Unit Code 6-digit region. High within-region variability in the charac-
teristics increases the likelihood of there being suitable locations for off-site mit-
igation that outperform on-site mitigation. Accordingly, the graphs show a pos-
itive correlation between the within-region variability in the characteristics and
market size. Figures B.2 and B.3 in the Appendix display a similar positive as-
sociation between the standard deviations of model variables and compensation
credit surplus, normalizing for credit demand.

To summarize, the data display patterns where the potential benefits and costs
of mitigation activities are correlated with the size of the compensatory mitigation
market. Notwithstanding, all data presented in this subsection are summarized
over the entire lifespan of the compensatory mitigation program. Further analysis
should examine how the characteristics of on-site and off-site mitigation evolve
over time, and in particular, if the patterns presented in this section are stable

over the course of the program.
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Figure 5: Standard deviations of model variables and market size
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Mean number of mitigation banks within Hydrological Unit Code 6-digit regions by deciles of the
standard deviation of model variables.

Sample: Hydrological Unit Code 6-digit regions with at least one mitigation bank (N = 170).

Data sources: Corps (2022); Nolte (2020); Taylor and Druckenmiller (2022); US Environmental
Protection Agency (2022)
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6 Summary and conclusions

In this paper, we provide an exploration of the costs and benefits of two of the
most common approaches for offsetting biodiversity losses, namely, developer-
led offsets and mitigation banking. We investigate the incentives that inform
the characteristics of banks participating in a mitigation banking program and
compare benefits and costs from either approach.

One commonly invoked advantage of mitigation banking is that it is capable
of mainstreaming conservation efforts. The high priority that is put on devel-
opment and economic prosperity often means that investments in biodiversity
conservation do not receive the financial support that they need to succeed (John-
son et al., 2017). The unsystematic, or piecemeal, approach to offsets performed
by developers may not gather the necessary support because it fails to capture
the gains from scalable, or diffusable, offsets that are provided through a market
approach. Although our results confirm that there are cost savings from hav-
ing a larger number of banks contributing to the same conservation objective, the
cost-effectiveness of a market approach is nevertheless mediated by differences in
quality of restoration performed by developers and banks. It is not accidental that
regulators often favor the use of on-site and in-kind replacement of lost environ-
mental values. Many authors highlight the risk of discontinuity between offsets
at impact sites and those at separate mitigation sites, which may lead to a change
in the spatial distribution of benefits delivered by environmental amenities (Ben-
Dor et al.,, 2007; Ruhl and Salzman, 2006). This means that restoration by banks
may provide an insufficient replacement for lost biodiversity values. In that case,
we find that developer-led offsets could be the preferred policy option. However,
should quality differentials between banks and developers exist, so that banks
would be required to implement proportionately more restoration than develop-
ers, our results indicate that the higher cost of meeting NNL through banking
could be counterbalanced by having the program be populated by a larger num-
ber of firms, due to the cost-reduction effect of market expansion. This result
nevertheless hinges on the assumption that environmental benefits from off-site
locations are still transferable.

We complemented this analysis by considering the role of heterogeneous qual-
ity of restoration, not just between the developer and banks, but also among
banks. Although all banks perform restoration off-site, there might be differences
in the baseline quality of land held by individual banks (and thus in the marginal
value of restoration activities), as well as the type of offsets that are feasible in

any given site. Because we assume that restoration effort is distributed in a cost-
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minimizing way, as long as there is one bank that is capable of performing offsets
that adequately replace lost environmental values, and that restoration at that
location is of sufficient quality to match that of the developer, then the decentral-
ized approach would always perform better than developer-led offsets. Again,
if restoration by banks is of insufficient quality and benefits are transferable, a
large enough market could work to decrease the quality requirement of banks,
and thus make offsets by banks preferable to those by the developer.

Another frequently cited advantage of mitigation banking is its ability to carry
out large-scale restoration. The size of restoration projects has been highlighted
as the single most important criterion for the success of offsets (Moreno-Mateos
etal., 2012b). In our analysis, we do not examine the role of having one large bank
serving multiple developers. Rather, we consider a representative developer and
analyze the performance of a market of varying sizes in compensating a fixed
amount of damages, given that benefits from restoration may exhibit noncon-
stant returns to scale. We find that if benefits from restoration exhibit increasing
returns to scale, one bank with a large restoration project would incur a lower cost
than that accrued from several banks implementing smaller restoration projects.
Nevertheless, increasing returns to scale alone is not sufficient to disavow market
expansion, since the magnitude of the cost-reduction effect from a larger market
might be greater than the cost increase associated with having smaller restora-
tion projects. If the scale effect is more significant, however, then having one firm
serving all the offsets could be optimal, provided that the quality of its restoration
is commensurate to that of the developer.

Our final set of results relates to the entry decision of banks into the MB mar-
ket. Because restoration is distributed in a cost-minimizing way, high-quality
banks will perform the greatest amount of restoration work. However, because
the trading ratio is set according to the rate of replacement between damages and
restoration at any given site, and, despite the fact that high-quality banks per-
form higher restoration and thus face a higher cost, since the trading ratio will
be skewed in their favor, high-quality banks stand to gain the most from sell-
ing their damage-equivalent restoration credits. That is, the post-entry surplus
of high-quality banks is higher than that of low-quality banks. Thus, should all
banks face entry costs that are negatively correlated with quality, the market will
be populated by banks exhibiting the highest possible quality, which is an out-
come that works in favor of mitigation banking. If otherwise, and land with high
restoration quality is also that with the greatest value for uses other than restora-
tion (i.e., a higher entry cost), then the market might instead attract firms of low

quality.
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In our empirical analysis of the US wetland mitigation banking program, we
find that wetland conservation benefits are positively correlated with entry costs.
A second empirical finding is that while the cost differential between on-site and
off-site restoration clearly favors the latter, the benefit/cost comparison, mea-
sured as the payback period of wetland conservation, is similar between the two
options. In an analysis of choices between on-site and off-site restoration in per-
mit decisions for impacts, we find that the choice is more strongly associated
with cost savings than with environmental benefits. Moreover, we find that the
potential for reduced costs and increased benefits is positively correlated with the
number of credit providers in the mitigation market.

Our analysis provides policy makers with a theoretical structure that informs
the choice of developer-led versus market-led offsets. While it is true that in
both instances the regulator may be able to set enforceable restoration standards,
quality differentials between the developer and banks, as well as entry incen-
tives, dictate the choice of one policy versus the other. By implementing a market
approach, the regulator must ensure that banks that self-select into participating
in the program are those that offer the greatest potential for meeting the NNL
requirement at the least possible cost. And, if land for restoration by banks is of
insufficient replacement quality, whether the market will be sufficiently large to
compensate for the lack of equivalency so that cost-savings from a market ap-
proach could work to decrease the burden of meeting NNL.
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A Nonlinear benefit function

Here, we consider the general case where function B;(a) = ¢;f(a) may exhibit
either increasing (f” > 0) or nonincreasing (f” < 0) returns to scale.

As with the linear benefit function, should the MB program only contemplate
one firm (n = 1), the comparison between MB and PRM relies only on the value
of Jp of the developer and ¢; of the participating bank. Because the level of abate-
ment employed by either the developer or the bank follows from the constraint
0f(a) = D, where da/dé < 0, then, given that both share the same variable cost
of restoration c(a), the least cost policy will correspond to the one which requires
the least amount of abatement. That is, that which involves the higher value of 4.
Thus, for n = 1, irrespective of scale effects, if J; > Jp, the MB program will fare
better than PRM, and worse otherwise.

As for n > 1, from the equimarginal principle in (2), abatement by any two
firms i and j participating in the MB program will be such that:

c'(a}) ¢ (a7)

= fori #£j 13
of @)~ oy 7 1)

assuming that ¢’ /¢’ > f"/f’, i.e.,, the cost-reduction effect is more pronounced
than the scale effect, so that {a}} from (13) is indeed optimal. If so, the relation-
ship between a; and a]’f is such that if §; > §; then a} > a]’f. That is, the bank with
the highest quality will perform the highest level of abatement.??

Moreover, irrespective of scale effects, it is always true that higher values of J
decrease the overall burden with meeting NNL. All else equal, the higher the J,
the lower the total abatement necessary to compensate damages D. This observa-
tion, combined with the result from Proposition 1 of how costs vary with market
size, allows us to establish the following general result regarding the comparison
between MB and PRM, from which Results 1 and 2 introduced earlier are special
cases:

Proposition 3: Suppose that B;(a;) = 6;f (a;).

(a) If n =1and §; > &y, then MB 77, PRM.

(b) Ifn > 1and "/ > f"/f', the larger the market, the lower the individual
restoration values d; required for MB 2 PRM

Proof : Follows from dC/dé; = —A*a; < 0and dA*/dn < 0 by Proposition 1 []

2If ¢ /¢! < "/ f' then the cost-minimizing allocation of abatement cannot be found from the
equimarginal principle. If scale effects are very pronounced, it could be optimal that the regulator
forfeit restoration from n — 1 banks and instead only allow that one bank perform abatement.
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If banks exhibit decreasing returns to scale, the fact that (1) costs decrease with
higher restoration values and (2) costs decrease with a larger market, implies that
a lower level of individual quality would be required for MB to fare better than
PRM. As discussed in the linear benefit case, the larger the market, the lower
the quality requirements of any individual bank (and in specific that of the more
productive bank) to ensure that MB /- PRM.

If banks exhibit strong increasing returns to scale, the fact that (1) costs de-
crease with higher restoration values but (2) costs are not necessarily decreasing
with a larger market, might imply that a higher level of individual quality be re-
quired for MB to fare better than PRM. We illustrate the role of scale in dictating

minimum-quality thresholds with the following example.

Example: Suppose that c(a) = af, where B > 1, and B;(a;) = &;f(a;) for
i€ {0,1,...,n}, where f(a) = a* and « > 0. Observe thatif 0 < a < 1, benefits
exhibit nonincreasing returns to scale, and if « > 1, benefits are increasing with
scale. Further assume that §; = J; for all banks i and j in {1,...,n}. Whereas
restoration by the developer has a value of é, all # > 1 banks in the program
exhibit the same restoration value, which we denote by J;.

Under PRM, g() is recovered from the constraint By(a)) = D, oraj = (D/ &) 3
Under MB, and imposing symmetry, abatement a* is recovered from the con-
straint nB;(a) = D, or a* = (D/nd;)/*. Observe that individual abatement a*

by any one bank is always decreasing with 7, but the total amount of abatement

2=

na* = n%(D/(Sl)

is (1) fixed, if benefits exhibit constant returns to scale & = 1, (2) increasing in
n, if benefits exhibit increasing returns to scale « > 1, and (3) decreasing in n, if
benefits exhibit decreasing returns to scale & < 1.

In terms of the comparison between policies, MB fares better than PRM if:

é
W* — W' = c(aj) —nc(a*) >0 or & > %. (14)

n b

Note that the magnitude of the cost-reduction effect is ¢’ /¢’ = B and that of the
scale effect is "'/ f' = a. It follows from (14) that, if » = 1, then § > J§y for MB -
PRM, irrespective of « and ; but if n > 1, then, by denoting the threshold d;(n)
from meeting (14) at equality, for 6; > J;(n), we have MB 7 PRM. Moreover,
d(n) <0if p > aand &'(n) > 0if B < a. Thus, if the magnitude of the scale
effect is more pronounced than that of the cost-reduction effect, increasing the
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size of the market will require that individual quality of any one bank be larger
for MB to fare better than PRM.??

B Supplementary tables and figures

Table B.1: Choice of mitigation method
Permittee-responsible mitigation vs. the average available mitigation bank

Dependent variable: I(PRM chosen)

(1) (2) (3) 6))
A Payback period 0.00233* —0.000410
(0.00100) (0.000621)
A Land value —0.0301* —0.0173*
(0.0140) (0.00681)
A Conservation benefit —0.00260 0.00493
(0.0119) (0.00519)
A Wetland potential —0.00248 —0.00594 0.0151 0.0100
(0.0331) (0.0326) (0.0200) (0.0198)
Region FE No No Yes Yes
Year FE No No Yes Yes
N 18492 18268 17919 17647

Ers

"p<0.05" p<0.01,"" p<0.00L

Average marginal effects from logistic regression. Standard errors in parentheses. Standard
errors clustered at Hydrological Unit Code 6-digit level. Region fixed effects at Hydrological
Unit Code 6-digit level.

A indicates the difference between the impact site and the average available mitigation bank
(e.g. the difference between land value at the impact site and the average land value among
available mitigation banks).

Sample: Impacts to wetlands over 2012-2020 where compensatory mitigation was required and
at least one mitigation bank was available.

Data sources: Corps (2020, 2022); Nolte (2020); Taylor and Druckenmiller (2022)

2Note, however, that the symmetric allocation of abatement in case & > B is not the cost-
minimizing distribution of abatement. In fact, if the regulator were to allow only one bank to perform
restoration, so that 4; = D /4y and 4; = 0 for all j # i, then nc(a*) — c(a) > 0.
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Figure B.1: Market size and model variables
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A indicates the difference between the value of the variable at the impact site and the most favorable
value among available mitigation banks (lowest payback period, lowest land value, highest
conservation benefit, or highest wetland potential).

Sample: Impacts to wetlands over 2012-2020 where compensatory mitigation was required and at
least one mitigation bank was available (N = 18,669).

Data sources: Corps (2020, 2022); Nolte (2020); Taylor and Druckenmiller (2022)
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Figure B.2: Standard deviation of model variables and credit surplus
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Relationship between standard deviations of model variables and compensation credit surplus
within a region.

Sample: Hydrological Unit Code 6-digit regions with at least one mitigation bank (N = 170).
Data sources: Corps (2022); Nolte (2020); Taylor and Druckenmiller (2022); US Environmental
Protection Agency (2022)
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Figure B.3: Standard deviation of model variables and credit surplus normalized

by credit demand
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Relationship between standard deviations of model variables and compensation credit surplus
within a region divided by credit withdrawals since January 2021.

Sample: Hydrological Unit Code 6-digit regions with at least one mitigation bank (N = 170).
Data sources: Corps (2022); Nolte (2020); Taylor and Druckenmiller (2022)




Chapter 3

The Effect of Water Resource
Protection on Construction
Employment in the United
States

Abstract

This paper examines the labor market effects of federal regulations that protect wa-
ter resources in the United States. The Clean Water Rule, an executive order enacted
in 2015, expanded the scope of waters that are federally protected under the Clean
Water Act. I use a difference-in-differences framework to compare construction em-
ployment between the 22 states where the Rule was implemented and the 28 states
where it was never implemented due to litigation in regional courts. I find that the
overall effect of the Rule on construction employment was negligible. However, a
negative effect appears in states that had unsuccessfully litigated against the Rule.
Furthermore, the decrease in construction activity was most prominent in counties
where low-cost compliance options through environmental offset markets were lim-
ited.

1 Introduction

The US Clean Water Act (CWA) establishes environmental protections for water
resources that fall under its jurisdiction. The exact scope of this jurisdiction has
been a contentious political issue since the adoption of the Act in 1972, largely
due to the costs imposed on regulated firms. In August 2015, the Obama ad-
ministration enacted the Clean Water Rule (CWR, the Rule), an executive order

87
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that sought to clarify and expand the scope of federally protected waters. While
some states welcomed the extended environmental protections, others had the
view that the jurisdictional expansion caused undue costs and development con-
straints for agriculture, housing, and infrastructure construction inter alia (EPA
and DA, 2021). Consequently, the Rule faced legal challenges in several states,
delaying its implementation. Ultimately, the Rule was implemented in 22 states
and DC from August 2018 until December 2019, when the Trump administration

repealed it nationwide.

In this paper, I measure the economic costs of the regulatory shift of the Clean
Water Rule in the construction industry. The US Environmental Protection Agency
(EPA) has determined that the Clean Water Act regulatory program—and, con-
sequently, the Clean Water Rule—has the largest cost implications for this sector
(EPA and DA, 2021). To identify effects, I exploit the differential adoption of the
Rule across the US. In particular, within a difference-in-differences framework,
I compare construction employment in states that implemented the Rule during
2018-2019 against states where the Rule was never implemented.

The short lifespan of the Clean Water Rule precludes the estimation of any
long-term economic costs or environmental benefits directly attributable to in-
creased environmental protections. In contrast, an unexpected increase in regu-
latory stringency, even if temporary, still has economic implications if firms need
to adjust or postpone their planned projects. A major challenge in assessing the
costs of such regulations is the difficulty of determining where the increased strin-
gency becomes a constraint for firms. Regarding water resources, the differences
in geography and state-level regulatory practices are important determinants that
are also difficult to assess ex ante (EPA and DA, 2021; Keiser et al., 2022). This
ex-post assessment offers insights into the distribution of regulatory costs across
regions and informs the ongoing policy debate about the stringency and decen-
tralization of aquatic resource protections.

There are two main findings from the analysis. First, the overall effect of the
Clean Water Rule on construction employment was small or negligible in magni-
tude in the implementing states. Second, non-negligible effects arise in the four
states that had unsuccessfully litigated against the implementation of the Rule
(Michigan, Ohio, Oklahoma, and Tennessee). In these states, the federal Clean
Water Rule surpassed state-level protections for aquatic resources. At the same
time, administrative data characterizes these four states as having a high preva-

lence of water resources subject to the jurisdictional expansion.

Further heterogeneity analysis suggests that the Rule had negative effects in

counties where compliance options were limited and where the compliance costs



89

consequently were likely to have been high. The majority of the costs of be-
ing regulated under the Clean Water Act come from compensatory mitigation,
whereby permittees must compensate for adverse impacts on jurisdictional wa-
ters. In the economic analyses from the EPA, compensatory mitigation costs have
amounted to over 60% of the total cost of the program (EPA and DA, 2015, 2020,
2021). A unique feature of the CWA compensatory mitigation program is that
a market mechanism mediates the majority of the compensation activities. To
comply with their CWA permit conditions, permittees purchase compensatory
credits from third-party firms (mitigation banks) that have generated the credits
in advance from conservation activities. The supply of these credits is fixed in
the short term—particularly when facing a demand shock such as the jurisdic-
tional expansion in the Clean Water Rule. My estimation results suggest that the
decrease in construction employment which did take place is driven by counties
where the stock of compensation credits available for purchase was low. Con-
versely, in counties where the stock of credits was high, there is no estimated
decrease in employment. The same pattern emerges regarding the availability of
a regulatory mechanism (in-lieu fee programs) that provides additional flexibility
to the supply of compensation credits.

Two important caveats qualify the findings. First, the estimated effects take
place within a 16-month window during which the Clean Water Rule was imple-
mented. This period is short for evaluating firm decisions as the planning and
completion of a construction project can take several years. A second and related
caveat is that when the Clean Water Rule was finally implemented, the Trump
administration had already drafted an executive order that would eventually re-
peal the Rule. This implies that any observed effects in firm behavior may reflect
postponing of construction projects rather than their outright cancellation. Even
when considering these caveats, this analysis demonstrates firms’ reaction to an
unexpected change in the stringency of environmental regulations and how het-
erogeneity in available compliance options modified that reaction.

The present analysis relates to two distinct strands of literature: the literature
on the labor market impacts of environmental regulation and the literature on
environmental market design. There have been numerous studies estimating the
labor market effects of environmental regulations. (Berman and Bui, 2001; Curtis,
2018, 2020; Ferris and Frank, 2021; Ferris et al., 2014; Greenstone, 2002; Hafstead
and Williams III, 2018; Sheriff et al., 2019; Walker, 2013). I follow this literature by
examining how the Clean Water Rule impacted the construction industry, which
was directly affected by the associated compliance costs. The literature on the de-
sign of environmental offset markets is active and growing, with several recent
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contributions from ecological and economic perspectives (Needham et al., 2019b;
Simpson et al., 2021a, 2022, 2021c; zu Ermgassen et al., 2020). However, there are
few empirical studies on offset markets, and the existing studies primarily exam-
ine the environmental success of offsetting projects (Levrel et al., 2017; Tillman
et al., 2022). This analysis is novel in connecting the design of a compensatory
credit market to firm behavior and employment outcomes.

By providing an analysis of the economic costs of environmental regulation,
my analysis also contributes to the ongoing policy debate regarding the scope
and definition of federally protected water resources (Keiser et al., 2021, 2022).
Recent studies have discussed and evaluated the economic benefits of aquatic
resource protection in the US (Keiser, 2019; Keiser and Shapiro, 2019; Taylor and
Druckenmiller, 2022). Although my analysis suggests non-negligible regulatory
costs in specific settings, the analysis also demonstrates how regulatory design
features can mitigate these costs.

The remainder of this paper proceeds as follows. Section 2 explains the policy
framework. Section 3 describes the data used in the analysis. Section 4 describes
the empirical strategy and Section 5 presents the estimation results. Section 6
concludes.

2 Policy background

2.1 The Clean Water Act and federal jurisdiction

The Clean Water Act of 1972 (CWA) is the foundation of aquatic resource pro-
tection in the US. The federal statute establishes a number of regulatory pro-
grams, including provisions on water quality standards (CWA Section 303), oil
spills (CWA Section 311), pollutant discharges (CWA Section 402), and dredging
and filling activities (CWA Section 404). The implementation of these programs is
delegated to the US Environmental Protection Agency and the US Army Corps of
Engineers. The purpose of the programs is to restore and maintain the “physical,
chemical and biological integrity” of water resources considered as “the Nation’s
waters”, also denoted as “the waters of the United States”.?4

The exact definition of “the waters of the United States” and thus the juris-
dictional scope of the federal regulations has been a subject of political and legal
debate since the adoption of the Clean Water Act. There is a general agreement
that large interstate water bodies, such as the Great Lakes or the Colorado and

Mississippi Rivers, as well as river networks and wetlands directly connected to

2433 US Code 1251(a); 33 US Code 1362(7).
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them, fall under federal jurisdiction. The debate has focused on whether CWA
jurisdiction should cover minor waters that have no direct connection to federal
waters but may still indirectly affect their ecology or hydrology. Courts have
particularly evaluated the jurisdictional status of isolated wetlands, as well as of
intermittent and ephemeral streams.?® (Keiser et al., 2022)

In May 2015, the Obama administration adopted the Clean Water Rule, an ex-
ecutive order which clarified the definition of “the waters of the United States”, in
part by codifying existing case law and implementation practices. The politically
controversial feature of the CWR was that it categorically expanded federal juris-
diction to previously unprotected water resources, including certain categories
of isolated wetlands as well as intermittent and ephemeral streams. As a result,
32 states challenged the Rule in various courts, and the Court of Appeals for
the Sixth Circuit granted a stay of the Rule in all of the US. The Supreme Court
lifted this stay in January 2018. However, the Trump administration had already
adopted an executive order to suspend the Clean Water Rule nationwide. In Au-
gust 2018, the Supreme Court overturned the suspension and thus enabled the
implementation of the Clean Water Rule.?® With several regional stays still in
place, the Rule now became effective in 22 states and the District of Columbia.
Finally, in December 2019, the Trump administration repealed the Clean Water
Rule, with the intent to adopt its own jurisdictional definitions at a later time.

Figure 1a depicts the timeline of these events, and Figure 1b displays the states
where the Clean Water Rule was implemented from August 2018 to December
2019. It is important to note that several of these states already had their own
regulations in place that partially exceeded the level of protections afforded in
pre-2015 implementation practice (Environmental Law Institute, 2013). Still, in
several states, the CWR imposed an increase in regulatory stringency. For ex-
ample, ten out of the 22 states where the CWR was implemented had stringency
prohibitions in place. These prohibitions prevented state authorities from en-
acting regulations that exceed the federal standard unless specific criteria were
satisfied. Such prohibitions were also in place in Michigan, Ohio, Oklahoma, and
Tennessee, i.e. the states that unsuccessfully litigated against the Rule (Environ-
mental Law Institute, 2013). Regardless, the initiated litigation actions are likely
the best indicator of a wide gap either between the federal and state-level protec-

tions or between the perceived costs and benefits of the jurisdictional expansion.

25See Solid Waste Agency of Northern Cook County v. U.S. Army Corps of Engineers, 531 U.S. 159 (2001)
and Rapanos v. United States, 376 E.3d 629 (6th Circuit 2004). Intermittent streams flow only during a
certain time of the year and the water table is above the stream bed only during this time. Ephemeral
streams flow only after precipitation events and the water table is below the stream bed year-round.

26South Carolina Coastal Conservation League v. US EPA, 318 F. Supp. 3d 959 (District Court of South
Carolina, 2018).
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Figure 1: Implementation of the Clean Water Rule

(a) Timeline of events

2015 —
27 May 2015: The Clean Water Rule (CWR) adopted and set to be-

€<~ come effective on 28 Aug 2018.

[€— 9 Oct 2015: The Court of Appeals for the Sixth Circuit stays the CWR
2016 nationwide.

2017

Jul-Nov 2017: The Trump administration proposes rules to suspend
and repeal the CWR.

2018 —| 22 Jan 2018: The Supreme Court lifts the Sixth Circuit stay. A suspen-
sion rule still prevents the implementation of the CWR.

le——— 16 Aug 2018: The Supreme Court enjoins the suspension rule. The
CWR becomes implemented in 22 states and DC. Stays from regional
2019 — courts prevent implementation in the remaining 28 states.

2020 —| [<«—— 23 Dec 2019: The CWR repealed.

(b) States that implemented the Clean Water Rule

Stringency of federal
protections 2018-2019

D CWR not implemented
. CWR implemented

. CWR implemented, litigated against CWR

The map indicates the 22 states where the Clean Water Rule was implemented between 16
August 2018 and 23 December 2019. Out of these states, Michigan, Ohio, Oklahoma, and
Tennessee unsuccessfully litigated against the Rule in regional courts.
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I take this differential into account in the analysis. In the following section, I
discuss the cost implications of expanding the scope of jurisdictional aquatic re-

sources.

2.2 Compliance costs and compensatory mitigation

The majority of the costs related to the Clean Water Rule arise from the Clean
Water Act Section 404 regulatory program. The Section 404 program regulates
discharges of dredged or fill material into waters of the United States. Activi-
ties that typically require a permit under Section 404 include urban development,
water resource projects (such as dams and levees), infrastructure development,
and mining. In the economic analysis for the Clean Water Rule, the highest to-
tal cost estimate across all CWA programs amounted to $465.0 million per year
(fiscal year 2014 dollars), of which costs related to the Section 404 program con-
stituted $374.9 million (EPA and DA, 2015). In a subsequent economic analysis,
the construction sector (NAICS 23) was identified as the most affected industry
(EPA and DA, 2021).

For project developers, regulatory costs can be divided to permit process costs
and compliance costs. Permit process costs arise from the delineation and survey
of jurisdictional waters; identifying possible impacts on these waters; planning
the project in a manner that avoids or minimizes these impacts; developing a plan
to compensate for the impacts; and finally submitting a complete application. In
the economic analysis for the Clean Water Rule, for an individual project, the
highest cited estimates of permit process costs were $62,000 in fixed costs plus
$16,800 per acre of impact (EPA and DA, 2015).

Compliance costs arise particularly from compensatory mitigation obligations.
Compensatory mitigation entails that every adverse impact on jurisdictional wa-
ters is mitigated by replacing or providing a substitute aquatic resource. Three
mechanisms are available for compensatory mitigation: (1) mitigation banking,
(2) in-lieu fee programs, and (3) permittee-responsible mitigation.

Mitigation banks are sites where third-party firms restore, establish, enhance,
or preserve aquatic resources in order to generate compensation credits. The
firms sell the credits to CWA permittees who, in turn, use the credits to com-
ply with their compensatory mitigation obligations. An important aspect of mit-
igation banking is that a compensation project must be successfully completed
before any credits are awarded. In other words, the compensation must take
place in advance of the impacts. This implies that the credit supply is fixed in the
short run. It typically takes from two to five years for a mitigation bank to obtain
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approval and up to ten years to complete the restoration activities (BenDor and
Riggsbee, 2011; Levrel et al., 2017).

In-lieu fee (ILF) programs provide temporal flexibility in the credit supply.
ILFs are public or non-profit entities that, similar to mitigation banks, collect
funds through sales of compensation credits to CWA Section 404 permittees. The
distinctive feature of ILFs is that they can receive and sell credits in advance of
the compensation project. As I will demonstrate below, access to ILF programs
was lower in the states that had challenged the Clean Water Rule.

In permittee-responsible mitigation (PRM), the permittee itself (or an autho-
rized contractor) undertakes a compensation project. In contrast to mitigation
banking and ILFs, the permittee maintains full legal responsibility for the success
of the compensation project. In the early years of the compensatory mitigation
program, PRM was the most prevalent compensation method. However, several
reports characterized PRM as expensive for permittees, ineffective in terms of
achieving desired ecological outcomes, and accompanied by a high rate of non-
compliance (Council et al., 2001; GAO, 2005). For these reasons, the EPA and
Corps generally consider mitigation banking and ILFs preferable to PRM (EPA
and DA, 2021). Nonetheless, when mitigation credits are not available, PRM re-
mains the only option for a developer to compensate for impacts.

Figure 2: Compensatory mitigation requirements on water resources affected by
the Clean Water Rule
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Shares of Clean Water Act Section 404 permit decisions where compensatory mitigation
was required for impacts on water resources affected by the Clean Water Rule (isolated
wetlands and intermittent and ephemeral streams). The shaded region indicates the im-
plementation of the Rule from 16 August 2018 to 23 December 2019. Data source: Corps
(2020)
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The economic analysis for the Clean Water Rule identified compensatory mit-
igation costs as ranging from $41,572 to $111,985 per acre of wetland mitigation
and $95 to $1,000 per linear foot of stream mitigation (2014 dollars). Out of the
total regulatory costs that project developers are facing, compensatory mitigation
costs were estimated to comprise approximately 70-78% (EPA and DA, 2015).
Figure 2 shows how the Clean Water Rule resulted in increased compensatory
mitigation requirements in Section 404 permits for the water resources it affected.
During the implementation of the Rule, the total share of permits requiring mit-
igation was 19.3% in implementing states and 10.2% in the non-implementing
states. Before the implementation of the Rule, the difference between the two
groups was 2.3%. As a consequence, project developers in affected states faced
higher costs associated with compensatory mitigation. Given the inelastic short-
run supply of compensatory credits, this demand shock may have increased com-
pliance costs disproportionately in regions where fewer credits were available. In
the regression analysis, I explore the degree to which credit availability modified
the labor market effects of the Clean Water Rule.

3 Data

3.1 Data sources

Table 1 lists the data sources used in this study. I analyze employment data from
the US Bureau of Labor Statistics available at the county level and at monthly
intervals. I delimit the analysis to the years 2012-2019, during which there are
no major external factors that would confound the analysis. The construction
industry suffered a major downturn after the Great Recession, and the trends in
employment began to stabilize by the end of 2012. The repeal of the Clean Water
Rule in December 2019 marks the endpoint of the analysis. Although the federal
and state policies to protect aquatic resources continued to evolve during 2020,
the construction industry experienced another dramatic decline at the onset of
the COVID-19 pandemic. The highly asymmetric effect of the pandemic would
confound the estimation of policy parameters after March 2020.

To proxy compliance costs, I obtain information about wetland and stream
compensatory credit transactions from the Regulatory In-lieu Fee and Bank In-
formation Tracking System (RIBITS) administered by the US Army Corps of En-
gineers (Corps, 2022). In particular, I use the data in RIBITS to construct a county-
level panel of compensatory credit availability. For each county and month, I ob-
serve the number of compensatory credits available for purchase and the acres of
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Table 1: List of data sources

Data Source Description Years

US Bureau of Labor Statis- Employment statistics, monthly by 2012-2021
tics county

Corps (2022) Transaction records for the Clean Wa-  1982-2022
ter Act Section 404 compensatory miti-
gation program

EPA (2022) Jurisdictional determinations that iden- 2016-2020
tify whether a water resource is regu-
lated under the Clean Water Act

Corps (2020) Permit decisions on impacts to water re-  2016-2020
sources regulated under the Clean Water
Act

water resources that these credits represent. The data contain detailed informa-
tion on the credit providers, particularly if they are private mitigation banks or
in-lieu fee programs.

I'use two administrative data sources to ascertain which counties have a higher
prevalence of intermittent and ephemeral streams and isolated wetlands, i.e. the
water resources that became included within federal jurisdiction under the Clean
Water Rule. Firstly, I use data on Approved Jurisdictional Determinations (JD)
from the EPA. Jurisdictional determinations, initiated upon the request of a
landowner, are official decisions on whether an aquatic resource belongs to fed-
eral jurisdiction under Section 404 of the Clean Water Act and whether impacts

on the resource are thus subject to a permit requirement.?”

A jurisdictional de-
termination is the first step in the Section 404 permit process, although not all
landowners who request a determination proceed with a permit application.
Importantly, prior to the implementation of the Clean Water Rule, the jurisdic-
tional determination data indicate whether an evaluated water resource was clas-
sified as isolated or non-permanent and thus non-jurisdictional. The Clean Water
Rule targeted these particular resources to be included under federal jurisdiction.
In other words, the prior determinations of isolated and non-permanent features
are informative of the regions where the Rule would increase the requirements

to obtain a federal permit (EPA and DA, 2021). Accordingly, the determinations

2733 US Code 331.2.



97

should also be informative of the regions where firms faced increased regulatory
costs.?8

Secondly, I obtain similar information on the locations of affected water re-
sources from the CWA Section 404 permit database, administered by the US Army
Corps of Engineers (Corps, 2020). The permit data include a detailed account of
the impacts on aquatic resources that required a Section 404 permit. However,
the information on the legal classification of the water resource is not as precise
as in the jurisdictional determination data. The permit data only indicate the eco-
logical Cowardin classification code of the impacted water resource (Cowardin,
1979). For streams, the Cowardin codes for intermittent and ephemeral streams
are available (codes R4 and R6). For wetlands, there is no separate class for iso-
lated features. However, in the jurisdictional determination data, it is clear that
palustrine emergent wetlands (code PEM) are most likely to be determined as
isolated. Accordingly, I use impacts on aquatic features belonging to the Cow-
ardin classes R4, R6, and PEM to indicate counties where the Clean Water Rule

would likely have an effect.

3.2 Data description

Figure 3 depicts the mean residual construction employment after partialling out
state-specific linear trends and month fixed effects.?’ Panel (a) in Figure 3 shows
the residual employment trends in all counties by treatment group. In the treated
counties, the mean residual employment drops after the implementation of the
Rule, although a slight downward trend may be emerging already before the
implementation date. No change in trend is visible in counties where the Rule
was never implemented. Panel (b) shows the corresponding trend for counties in
the treated states that litigated against the Rule (Michigan, Ohio, Oklahoma, and
Tennessee). As explained in Section 2, these states made an unsuccessful attempt
to prevent the implementation of the Clean Water Rule in their jurisdictions. The
drop in employment during 2019 is more pronounced here than in the full sample
of treated counties. Together, these two graphs suggest a negative employment

2 Note that the changes in jurisdictional scope also affect landowners’ propensity to request a de-
termination. Thus, changes in the approved jurisdictional determinations themselves cannot be used
to directly measure the economic effects of the Clean Water Rule. In addition to expanding the juris-
dictional scope as described, the Rule also categorically excluded certain minor features outside fed-
eral jurisdiction. For these particular features, there was a stark increase in the number of requested
jurisdictional determinations after the implementation of the Rule.

2Figure A.1 in the Appendix shows the raw data on construction employment. The downturn in
2018-2019 is visible also in the raw data. However, this downturn was relatively small in magnitude
in comparison to seasonal fluctuations. I present the residualized employment data for clarity.
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effect of the Clean Water Rule, and that the states that litigated against the Rule
drive this effect.

Figure 3: Residualized construction employment

(a) All treated and non-treated states
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Mean of (log) construction employment, residualized monthly county-level data. August
2018 = 0. Residuals from partialling out state-specific linear trends and month fixed effects.

Treated: Counties where the Clean Water Rule was implemented between August 2018
and December 2019 (shaded area).

Non-treated: Counties where the Clean Water Rule was never implemented.

Treated, litigated: Counties in states that unsuccessfully litigated against the Rule (MI, OH,
OK, TN).

Table 2 presents descriptive statistics for three groups: all treated counties,
treated counties in states that challenged the Clean Water Rule, and counties
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where the Rule was never implemented. Overall, the differences between the
treated and non-treated counties reflect how the treated states include densely
populated coastal regions. In the states that challenged the Clean Water Rule,
two features related to compliance costs stand out. First, the average amount of
available compensation credits that firms use to comply with their obligations un-
der the Clean Water Act was markedly lower in comparison to the other treated
states. (These statistics are measured in August 2018, before the entry into force
of the Clean Water Rule.) Likewise, the share of counties that had access to in-lieu
fee programs was considerably lower in these states. In contrast to private com-
pensatory credit providers, in-lieu fee programs have the advantage that they
may release compensatory credits in advance of the environmental improvement
that ultimately awards the credits. Taken together, these factors indicate fewer
opportunities for low-cost compliance.

Indicators of the prevalence of affected water resources point in the same di-
rection, although here the contrasts are less stark. In treated states that challenged
the Rule, there was a higher proportion of affected water resources in the juris-
dictional determinations. Likewise, the Section 404 permit data indicate a higher
proportion of affected waters out of the total impacts on all jurisdictional water
resources.

Finally, in Section B in the Appendix, I present further description where I con-
sider possible spillover effects, or leakage, from treated counties to non-treated
counties. In other words, as construction is mobile, it is possible that firms re-
acted to the Clean Water Rule by moving their activities to a nearby location with
less stringent environmental regulations. Although I find no conclusive evidence
of leakage, certain patterns in the data suggest that it possibly took place. Ac-
cordingly, I also take possible spillovers into account in the regression analysis.
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Table 2: Descriptive statistics

Treated Non-treated

Variable All Litigated?®
Construction employment

Mean 3,061 1,475 1,500

Std. dev. 8,396 3,528 6,077
Total employment

Mean 72,509 36,537 29,398

Std. dev. 221,823 92,544 106,682
Available compensation credits (acres)P

Mean 1,249 299 1,157

Std. dev. 3,177 344 2,167
In-lieu fee program available (binary)®

Mean 0.39 0.24 0.39

Std. dev. 0.45 0.38 0.46
Jurisdictional determinations on affected resources
(proportion of total count)d

Mean 0.25 0.30 0.23

Std. dev. 0.34 0.37 0.35
Permitted impacts on affected resources (proportion
of total acres)®

Mean 0.11 0.24 0.22

Std. dev. 0.27 0.37 0.42

Counties 1,043 260 2,065

County-level data over 2012-2019. Treated: Counties in 22 states and DC where the Clean
Water Rule was implemented between 16 August 2018 and 23 December 2019.

2 Counties in treated states that had litigated against the Clean Water Rule in regional courts
(Michigan, Ohio, Oklahoma, and Tennessee). Michigan is included only in the employment
statistics due to data availability.

b Compensation credits that permittees use to comply with their compensatory mitigation
obligations under Section 404 of the Clean Water Act. Availability in August 2018.

¢ Indicator of whether a county is within the service area of an in-lieu fee program. Availabil-
ity in August 2018.

d Approved Jurisdictional Determinations on isolated wetlands or intermittent and
ephemeral streams, recorded between January 2015 and July 2018.

¢ Impacts on intermittent and ephemeral streams and palustrine emergent wetlands (Cow-
ardin codes R4, R6, and PEM) that required a CWA Section 404 permit, recorded between
January 2016 and July 2018.

Data sources: US Bureau of Labor Statistics; Corps (2020, 2022); EPA (2022).
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4 Empirical strategy

I'model the effect of the Clean Water Rule on construction employment using an
event-study specification as follows:

Yir = Y, TsDits + xitP + A(t x State;) +a; + vt + €5t 1)
s#—1

where y;; is the log of employment in the construction sector in county 7 in month-
year t, where D;;; indicates if period ¢ is s months after the Clean Water Rule was
first implemented in county i, x;; is the log of employment in other sectors than
construction, ¢ x State; is a state-specific linear time trend, a; is a county fixed
effect, and <; is a month fixed effect.

The identification of treatment effect parameters in equation (1) requires that,
in the post-treatment periods, the counterfactual changes in the treated counties
and the observed changes in the control counties are equal in expectation (parallel
trends). In the raw employment data, the pre-treatment trends are not parallel be-
tween the treatment and control groups (see Figure A.1 in the Appendix). How-
ever, conditional on state-specific linear trends, the parallel trends assumption
becomes plausible (see Figure 3).

Spillover effects from treated counties to non-treated counties potentially vio-
late the stable unit treatment value assumption (SUTVA). As mentioned in Section
3.2 and discussed further in Section B in the Appendix, there are indications in the
data that construction activity may have moved from counties where the Clean
Water Rule was implemented to adjacent counties where the Rule was never im-
plemented (see Figure B.1).

To account for possible spillovers to non-treated counties, I implement an ap-
proach suggested in Butts (2021) and Delgado and Florax (2015). This approach
includes separate treatment dummies for the spillover group and consequently
obtains an unbiased estimate of the policy parameters of interest (7;). The model
becomes as follows:

Vie= Y TsDis+ Y 05 (S; x I(t —tg =s)) + x4+ A(t x State;) + a; + vt + €;¢
s#—1 s#—1
(2)

where S; indicates if county i is a potential spillover county and I(t —ty = s)
indicates if month-year f is s months after the Clean Water Rule was first imple-
mented. In this model, the parameters J;s are the dynamic spillover effects in the
non-treated counties that S; indicates.
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The exposition in eq. (2) makes it clear that when spillovers exist (6s # 0),
omitting the spillover terms S; x I(t — fy = s) induces omitted variable bias in the
estimator of 7;. The non-treated units adjacent to treated units are also affected
by the treatment. Using these non-treated units as controls would fail to identify
the counterfactual trend for the treated units. This also highlights an important
assumption: S; must indicate all non-treated counties that are potentially affected
by a spillover effect. If this assumption holds, the estimates of 7; are unbiased
estimates of the dynamic average treatment effects. I restrict the set of potential
(non-treated) spillover counties to those counties that are directly adjacent to the
treated counties. Considering activities such as suburban development, firms
can relocate their projects only within a constrained distance. The inclusion of
spillover indicators is further motivated in Section B in the Appendix.

5 Results

5.1 Main results

Figure 4 and Table 3 summarize the main estimation results. Panel (a) in Figure 4
reports the dynamic estimates over all treated counties. The average of the post-
treatment estimates, reported in column (a) in Table 3, is —0.072 (95% CI: —0.115
to —0.005). However, the trend in the estimates is slightly decreasing prior to
treatment. Due to this trend, it is ambiguous if the Clean Water Rule modified
the trend in construction employment to any meaningful degree.

Panel (b) in Figure 4 reports estimates from a regression where the treatment
effect parameters are estimated separately for counties in states that unsuccess-
fully litigated against the implementation of the Clean Water Rule. In these coun-
ties (left panel), a clear downturn appears after the implementation of the Rule
(post-treatment average: —0.122; 95% CI: —0.212 to —0.033). The pre-treatment
estimates are close to zero up to three and a half years before the treatment date,
although there is greater variance before that, and this variance is comparable to
the post-treatment decrease. There is no visible treatment effect in states that did
not litigate against the Rule (right panel).

Turning to the estimated spillover effects, Table 3 indicates a positive although
imprecise point estimate. However, the pre-treatment trend (reported in Fig-
ure B.2 in the Appendix) of these estimates is positive and drives the positive
post-treatment estimates. It is still interesting to note that the inclusion of the
spillover indicators slightly attenuates the estimated treatment effects (compari-
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son of columns (a) and (b) against (c) and (d). This highlights the importance of
accounting for possible spillover effects in policy evaluation.

Figure 4: Main estimation results

(a) All treated counties
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Outcome: Log of construction employment (NAICS 23).
Treatment: Implementation of the Clean Water Rule.

Estimates and 95% confidence intervals of dynamic treatment effects (7 in eq. (2)), aggre-
gated to quarterly estimates.

Panel (a): Estimates for all treated counties.

Panel (b): Estimates separately for two subgroups: (i) Counties in treated states that un-
successfully litigated against the implementation of the Clean Water Rule (MI, OH, OK,
and TN); (ii) counties in the remaining treated states. See Figure 1b for an illustration of
these groups.

Regression specifications as in eq. (2) controlling for: log of non-construction employment,
spillover effects to non-treated counties, state-specific linear trends, month fixed effects,
and county fixed effects.

Standard errors clustered by county (N = 3,108). Number of observations: 273,476.

Data source: US Bureau of Labor Statistics.
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Table 3: Estimation results

(a) (b) (0) (d)
Treated x Post —0.072 —0.077
(0.024) (0.025)
Treated x Post x Litigated —0.122 —0.127
(0.046) (0.045)
Treated x Post x Other —0.048 —0.052
(0.027) (0.027)
Spillover county x Post 0.062 0.062
(0.044)  (0.044)
Log non-construction employment -0312 -0313 0312 —0.313
(0.180)  (0.180)  (0.180)  (0.180)
State x trend v v v v
Month FEs N v v v
N 273476 273476 273476 273,476
N clusters 3,108 3,108 3,108 3,108

Outcome: Log of construction employment (NAICS 23).
Treatment: Implementation of the Clean Water Rule from August 2018 to Decem-

ber 2019.

Mean of dynamic treatment effect estimates after treatment, i.e. the mean over
estimates of 75, s > 0in eq. (2). For models (a) and (b), the full paths of dynamic
estimates are reported in Figure 4. Standard errors clustered by county in paren-

theses.

County-level data at monthly intervals. Data source: US Bureau of Labor Statis-

tics
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In summary, the regression results show that the overall effect of the Clean
Water Rule on construction employment was small or negligible in magnitude.
However, there appears to be a clear negative effect on the construction industry
in treated states that litigated against the implementation of the Rule. In Section
3.2 I described with administrative data how the compliance costs were likely
higher in these states than in the remaining treated states that were advocating
the implementation of the Rule. In the following section, I present a heterogeneity
analysis to determine whether the estimates vary according to various indicators
of compliance costs.

5.2 Heterogeneity

As discussed in Section 2.2, the majority of the compliance costs related to the
Clean Water Rule arise from the obligation of permittees to compensate for ad-
verse impacts on aquatic resources. In the majority of cases, permittees meet this
obligation by purchasing credits that third-party entrepreneurial firms have gen-
erated from conservation activities. Importantly, a conservation firm must com-
plete its conservation project before it can sell any compensation credits. Conse-
quently, the compensation credit supply is inelastic in the short term. The only
exception is publicly funded in-lieu fee programs that are allowed to release cred-
its prior to the completion of a conservation project.

Figure 5 describes how compensation credit availability and supply inelastic-
ity modified the effects of the Clean Water Rule. To this end, I employ two indica-
tors that proxy for the supply constraint in the compensation credit market. The
first indicator is the compensatory credit surplus relative to credit demand. In
specific, I divide the amount of credits that are available for purchase in a county
in August 2018 by the amount of credits that were purchased in the previous 12
months®’. A second indicator is the availability of in-lieu free programs that are
able to provide compensatory credits in advance of a conservation project, thus
expediting the credit supply.>!

There are two sets of dynamics estimates plotted in Figure 5, each correspond-
ing to one compliance cost indicator. Starting with panel (a), in counties where
the amount of available compensatory credits was low, there is a downturn in
construction employment after the Clean Water Rule was implemented (mean of

30In constructing the indicator, the credits are measured in acres of the compensated aquatic re-
source. This choice permits comparability of the records across regions, as the credit-per-acre ratios
vary considerably across different districts of the US Army Corps of Engineers.

3Michigan is excluded from the regressions due to missing data on these indicators. Michigan
has assumed the implementation of the Section 404 program, and it is not included in the federally
administered datasets on compensatory credit transactions.
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Figure 5: Estimates by compliance cost indicators

(a) Compensatory credit availability relative to demand when the Clean Water Rule was

implemented

Subsample: Counties with compensatory credits ever available.
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(b) In-lieu fee program availability when the Clean Water Rule was implemented
Subsample: Counties with compensatory credits ever available.
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Outcome: Log of construction employment (NAICS 23).
Treatment: Implementation of the Clean Water Rule.

Estimates and 95% confidence intervals of dynamic treatment effects (7; in eq. (2)), aggre-

gated to quarterly estimates. Estimates separately for subgroups of treated counties.

Panel (a): Subgroup division based on the availability of compensation credits in the Clean
Water Act Section 404 compensatory mitigation program. Credits available = credit sur-
plus in August 2018 divided by credits purchased in the twelve preceding months.
Panel (b): Subgroup division based on the availability of in-lieu fee programs in August

2018.

Regression specifications as in eq. (2) controlling for: log of non-construction employment,
spillover effects to non-treated counties, state-specific linear trends, month fixed effects,

and county fixed effects.

Standard errors clustered by county (N = 1,731). Number of observations: 152,328.
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post-treatment estimates: —0.127; 95% CI: —0.202 to —0.052). Although seasonal
variability persists in the estimates, the pre-treatment estimates show no trend
in the preceding three years. In the counties with high credit availability, there
is no visible effect. In panel (b), a similar pattern emerges. In counties where
in-lieu fee programs were unavailable, there is a clear downturn in construction
employment following the Clean Water Rule (mean of post-treatment estimates:
—0.081; 95% CI: —0.157 to —0.005). The deviation from the pre-treatment esti-
mates is clear. In counties where an ILF program was available, there is no visible
response to the Clean Water Rule.

Figure 6 shows further heterogeneity analysis using indicators for the pres-
ence of water resources affected by the Clean Water Rule. There are no systematic
findings from this analysis. Although the available data indicate that the treated
states that litigated against the Rule have a higher concentration of affected water
resources (see Table 2), this heterogeneity does not modify the estimated treat-
ment effects in the full sample of treated counties.

6 Discussion

In this paper, I examined how an expansion of environmental protections under
the Clean Water Act affected construction employment in the US. The overall esti-
mated effect of the increased protections on construction employment is negligi-
ble in magnitude. A negative effect becomes apparent in states that had litigated
against the jurisdictional expansion in regional courts. In these states, the federal
policy change represented an increase in stringency compared to state-level poli-
cies in these states. Further analysis suggests that limited or expensive compli-
ance options characterize the counties where construction employment decreased
after environmental regulations became more stringent.

The estimated decrease in construction employment averages —0.122 (95% CI:
—0.212 to —0.033) in log scale in the states that litigated against the Clean Water
Rule. However, in the full sample of counties subject to the Rule, there is no
discernible effect. A further qualification of the estimates is that they only repre-
sent short-run effects that occurred during the 16 months when the Rule was in
force. In particular, in August 2018 when the new regulations were implemented,
the Trump administration had already expressed its intent to revert the policy
change. Since firms were aware of this intent, it is likely that the estimated neg-
ative effects only represent postponed construction projects rather than canceled
projects. This would imply that any estimated negative employment effects are
hardly informative of welfare effects. Unfortunately, the onset of the COVID-19
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Figure 6: Estimates by indicators for affected water resources

(a) Approved jurisdictional determinations on affected water resources.
Subsample: Counties with JDs ever recorded (N = 1,569).
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(b) Permitted impacts on affected water resources.
Subsample: Counties with CWA permits ever recorded (N = 1,700).
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Outcome: Log of construction employment (NAICS 23).
Treatment: Implementation of the Clean Water Rule.

Estimates and 95% confidence intervals of dynamic treatment effects (7; in eq. (2)), aggre-
gated to quarterly estimates. Estimates separately for subgroups of treated counties.

Panel (a): Subgroup division based on the share of approved jurisdictional determinations
on affected water resources (intermittent and ephemeral streams, isolated wetlands) out
of total determinations in a county. Number of observations: 138,044.

Panel (b): Subgroup division based on the share of permitted impacts, measured in acres,
to affected water resources (intermittent and ephemeral streams, isolated wetlands) out
of total permitted impacts in a county. Acres for stream impacts calculated as the linear
extent of the impact multiplied by a 50 feet buffer. Number of observations: 149,600.

Regression specifications as in eq. (2) controlling for: log of non-construction employment,
spillover effects to non-treated counties, state-specific linear trends, month fixed effects,
and county fixed effects.

Standard errors clustered by county.
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pandemic and subsequent changes in state and federal policies make it difficult
to reliably evaluate the long-run effects of the policies in question. In any case,
this analysis does not evaluate the overall welfare implications of the policy re-
form, as this evaluation would require quantification of benefits specifically from
the aquatic resources that the reform targeted.

Notwithstanding its caveats, two main findings arise from the analysis. First,
non-negligible effects arise in states that litigated against the Clean Water Rule.
Second, the heterogeneity analysis suggests that the design and implementa-
tion of the compliance scheme modified the effects of the regulatory change.
As discussed in Section 2, the majority of the costs for firms arise from com-
pensatory mitigation, i.e. the obligation to compensate for adverse impacts on
water resources by providing a substitute resource elsewhere. The majority of
this compensation is mediated through markets where permittees buy compen-
sation credits from third-party conservation firms. The effects of the jurisdictional
expansion were pronounced in counties where few compensation credits were
available. Moreover, these counties did not have any available public providers
(in-lieu fee programs) that would have been able to supply credits in a short time
frame after the policy change. This suggests that the inelastic supply in the com-
pensatory credit market had implications for firms that would be subject to in-
creased compensation requirements under the new regulations. In regions where
private compensatory credit providers are few (e.g. due to insufficient demand),
establishing public providers could resolve uncertainties regarding credit avail-
ability.

In conclusion, the analysis in this paper shows how design features in a market-
based compliance scheme can modify the trade-off between economic activity
and environmental protection. Further research on the topic, particularly an
analysis of outcomes in the long term, is required to more comprehensively un-
derstand the welfare implications of aquatic resource protection under the Clean
Water Act. Another specific challenge relates to understanding the geographic
distribution of the targeted water resources, i.e. isolated wetlands and intermit-
tent and ephemeral streams. Due to their very nature, mapping these resources is
challenging and they are not sufficiently surveyed in available national invento-
ries. Having this information available could provide a better understanding of
their benefits as well as the impact of environmental protections on employment
and the economy. Finally, the uncertainty surrounding the jurisdictional scope of
the Clean Water Act as well as the interplay between state and federal regulations

merit their own analyses.
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A Supplementary figures

Figure A.1: Construction employment trends
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CWR counties: Counties where the Clean Water Rule was implemented between August
2018 and December 2019 (shaded area).

The data depicted in this figure are the raw data underlying the residualized employment
data in Figure 3.

B Spillovers to non-treated counties

In this section, I describe the patterns in the data that suggest a spillover effect
or leakage where construction activity shifted from treated counties to adjacent
non-treated counties. I also describe and implement an approach to account for
such spillovers in estimation in order to identify the labor market impacts of the
Clean Water Rule.

Considering the high compliance costs associated with the Clean Water Act,

construction firms may have moved their activities to nearby counties where
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the geographic scope of federal protections did not expand. For example, in a
metropolitan area that includes both treated and non-treated counties, suburban
or industrial development may become more attractive in the non-treated coun-
ties. To account for such spillover effects, I analyze the outcomes in the treated
and non-treated counties that are adjacent to one another, i.e. counties that share
a border with a county that has a different treatment status (buffer counties).

Figure B.1 depicts the buffer counties and shows their trends of residual-
ized construction employment. Prior to the implementation of the Clean Water
Rule, the trends follow each other closely. However, after the implementation
of the Rule, the trends diverge. There is a clear downturn in the treated coun-
ties, whereas the trend is increasing in the non-treated counties. Considering the
increasing pre-treatment trend and the overall variation in the time series, it is
ambiguous if this increase can be interpreted as a spillover effect. Nonetheless,
given that the downturn is so pronounced in the treated buffer counties, the esti-
mation strategy should account for the possibility of a spillover effect.

A spillover effect as explained above violates the stable unit treatment value
assumption (SUTVA). As described in Section 4, I adopt an approach as suggested
in Butts (2021) and Delgado and Florax (2015) where separate treatment indica-
tors are included in the regression model for the spillover recipients in the non-
treated units.

Figure B.2 reports the estimated spillover effects (estimates of J; in eq. (2)).
Panel (a) shows the estimates for all buffer counties. Here, a pre-treatment trend
clearly drives the positive aggregate coefficient reported in Table 3. Panel (b)
shows the estimates for buffer counties adjacent to the treated states that litigated
against the Clean Water Rule. Here, there is no pre-treatment trend immediately
before the implementation of the Rule. However, noting the pre-treatment pat-
terns at 24 months and earlier makes it ambiguous if the post-treatment estimates
merely reflect the usual variation in the time series. In any case, despite their sign

and pattern, the post-treatment estimates are imprecise.
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Figure B.1: Residualized construction employment in buffer counties
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Mean of (log) construction employment, residualized monthly county-level data. August
2018 = 0. Residuals from partialling out month fixed effects and state-specific linear trends.

CWR states (treated): States where the Clean Water Rule was implemented between Au-
gust 2018 and December 2019.
Buffer counties: Counties that are adjacent to a county that is in a different treatment

group.
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Figure B.2: Spillover effects

(a) All buffer counties
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(b) Buffer counties adjacent to treated states that litigated against the Clean Water Rule
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Outcome: Log of construction employment (NAICS 23).
Treatment: Implementation of the Clean Water Rule.

Estimates and 95% confidence intervals of dynamic spillover effects in non-treated coun-

ties (Js in eq. (2)), aggregated to quarterly estimates.

Panel (a): Estimates of spillover effects in model (a) as reported in Figure 4, panel (a) and
Table 3, column (a). See Figure B.1 for illustration of non-treated buffer counties included
in the spillover group. Panel (b): Estimates of spillover effects in counties adjacent to

treated states that litigated against the Clean Water Rule.

For notes and full specification, see Figure 4 and Table 3.
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