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JEL classification: This paper examines offset method decisions under the US wetland mitigation program and compares the
D61 cost effectiveness of prescriptive on-site and market-based off-site approaches. By measuring costs through
Q28 land values and benefits through flood control values, we highlight a clear trade-off between the two
Q57 mechanisms. Prescriptive on-site compensation occurs in high-cost, high-benefit areas, whereas market-based
Keywords: off-site compensation occurs in low-cost, low-benefit areas. Our analysis also reveals that cost minimization
Offsets heavily influences the regulator’s choice of offset method, while flood control benefits appear to be absent from
W?FIa"fl mitigat'ion policy determinations. This finding, combined with the increased adoption of market-based offsets, suggests
Ig[l:;ias]‘::e]ﬁ?img an overreliance on the market mechanism. Although policy guidelines promote market-based offsets due to

their potential for environmental gains, they also require that both costs and benefits be considered in offset

Market-based regulation
& method determinations. Our findings indicate that regulatory decisions overlook the flood control benefits of

Cost-effectiveness

Regulatory choice prescriptive on-site compensation, revealing a divergence between policy intent and observed offset decisions.
1. Introduction Although offset policies differ across countries and regions (depend-
ing on the specific environmental values that different programs seek

Environmental offsets are a potentially powerful tool for relieving to protect), offset mechanisms fall into two broad categories: a pre-
the tension between development and conservation objectives. Aligned scriptive approach, involving developer-led offsets at impact sites, and

with the policy principle of “no net loss” (NNL), offsets seek to compen-
sate for unavoidable impacts that remain after steps have been taken
to avoid and minimize impacts on development sites. At present, more
than 100 countries have offset policies in place or enabled, with 37
countries establishing mandatory offset requirements for development
projects (GIBOP, 2019). Offsets are estimated to span over 150,000
km? (Bull and Strange, 2018), with annual transactions ranging be-

a market-based approach, involving offsets performed by a third-party
off-site." While the majority of offset programs are of the prescriptive
kind, there has been a growing interest in, and adoption of, market-
based offsets.” Given the increasing reliance on market-based offsets,
it is important to scrutinize whether these mechanisms truly align
with conservation goals or whether they inadvertently prioritize cost

tween $US 6.3-9.2 billion (Deutz et al., 2020), representing the largest savings over environmental outcomes. Our study seeks to shed light on
source of private finance for nature conservation (Deutz et al., 2020; this important issue by.analyzmg whether the decisions made by the
OECD, 2020). US Army Corps of Engineers (Corps) under the US wetland compen-
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satory mitigation policy effectively balance the costs and benefits of
conservation.

First established in the 1970s under the 1972 Clean Water Act, the
US wetlands program is the oldest NNL policy framework, and it laid
the foundation for similar programs globally (OECD, 2016). Adminis-
tered by the Corps and the US Environmental Protection Agency (EPA),
the program requires developers to offset unavoidable wetland impacts
through compensatory mitigation to preserve wetland functions and
values (Corps and EPA, 1990; Hough and Robertson, 2009). Initially,
regulators preferred on-site wetland replacement by developers based
on the understanding that wetland services are location-specific. How-
ever, recent regulations have shifted focus, emphasizing that offsets
should be based on the most suitable type and location for compen-
sating damages, including off-site and “out-of-kind” offsets performed
by a third party (Corps and EPA, 2008).

This policy shift was driven by the limitations identified in
developer-led offsets. These were criticized for often failing to de-
liver the required compensation and, even when successful, producing
insufficient results due to the fragmented nature of project-specific
offsets (NRC, 2001; Matthews and Endress, 2008; Moreno-Mateos et al.,
2012). In contrast, third-party off-site compensation offers the potential
for actions in locations with high environmental values and in advance
of impacts, increasing the likelihood of offset success (Bekessy et al.,
2010; Saenz et al., 2013). Today, the US wetland program explicitly
states a preference for off-site compensation by mitigation banks, where
third parties manage offset sites and sell wetland credits (i.e., quantified
gains in wetland functions from restoration) to developers for meeting
offset requirements.

Mitigation banking offers the possibility of a market approach to
offset damages, as opposed to the prescriptive approach of on-site
offsets performed by the developer. In cases where costs of offset
provision vary across space, the ability to provide compensation off-
site can lower the cost of meeting the NNL policy goal. In addition,
the presence of multiple offset providers can lower the overall cost of
NNL policies by offering more low-cost offset options and by spreading
the cost of providing a given level of compensation across a larger
pool of suppliers.® The question is whether these programs fulfill their
regulatory purpose by providing compensation that adequately reflects
the functions and values of wetland services lost to development at im-
pact sites. Unlike typical commodities, the values of ecosystem services,
in general, and those of wetlands, in particular, are highly specific to
context and location. In contrast to on-site restoration, off-site restora-
tion by banks promotes a redistribution of wetland services across the
landscape; these services may be relocated to areas where they are
less valued or needed. Moreover, the nonfungibility of ecosystem assets
typically restricts the scale of potential markets. This may result in
few offset suppliers and exchanges (Salzman and Ruhl, 2005), and thus
undermine the allocative efficiency of a market-based approach due to
the lack of adequate offset opportunities.

In this paper, we conduct a revealed preference analysis of offset
policies, focusing on the decisions made by the Corps between pre-
scriptive on-site and market-based off-site offsets under the US wetland
mitigation program. Current regulations allow the use of both methods.
Policy guidelines require that the Corps consider both the benefits and
costs of wetland restoration in offset-method determinations (US Code
33 CFR §332.3). However, while the costs of restoration may be easily
determined, the public benefits provided by wetlands are difficult to

3 Beyond allocative efficiency, there are other sources of efficiency gains
resulting from larger markets, such as the reduction in transaction costs
(e.g., search and bargaining) and economic frictions (e.g., market power).
For related literature, see Hahn (1984), Stavins (1995), Montero (1998), Liski
(2001), Liski and Montero (2011), Singh and Weninger (2017), Baudry et al.
(2021). Liski (2001), in particular, provides a formal treatment of how trading
costs in permit markets evolve over time as a function of market size.
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quantify. This is demonstrated by the fact that, while the overarch-
ing policy goal of NNL is framed in terms of maintaining neutrality
with respect to wetland functions and values, offset implementation
is frequently cast in terms of wetland area and hydrological functions
alone. Achieving the NNL policy goal nevertheless requires that offsets
consider not only the equivalence of wetland functions, but also which
aspects of wetlands are valued and by whom.

In our analysis, we focus on the benefit of wetlands in terms of
their protective value against flooding. Wetlands are water-saturated
transition zones between land and water ecosystems. They protect sur-
rounding areas from flooding by absorbing and retaining floodwaters.
Although wetlands provide a number of other services that contribute
to human welfare (e.g., water quality improvements, carbon seques-
tration, recreational opportunities, wildlife habitat), flood attenuation
has been identified as one of the most significant economic benefits
provided by all classes of wetlands (Conlisk et al., 2023). Flooding has
also been reported as the deadliest and most costly type of natural
disaster in the US (e.g., Gourley et al.,, 2017; Wing et al., 2020).
While flood mitigation is but one of the many benefits delivered by
wetlands, rich hydrological data on flood events and their interaction
with wetland areas (Li et al., 2021), as well as recent causal estimates of
the value of wetlands for flood mitigation (Taylor and Druckenmiller,
2022), allow for a tractable empirical evaluation of the contribution of
wetland restoration to flood control.

We focus on two specific hypotheses. First, the lower the cost and
the higher the benefit of off-site compensation, the more likely that
the regulator chooses offsets performed by banks. This hypothesis is
based on the efficiency criterion that locations offering lower cost-
to-benefit ratios should be assigned a larger share of the offsetting
effort. Second, the larger the size of the banking market, the higher the
probability that the regulator chooses offsets by banks. This hypothesis
is based on the observation that “thick” markets enable the distribution
of compensation efforts across a larger set of offset providers, thereby
reducing the overall cost of offset supply.

To investigate these predictions, we combined several datasets from
government and scientific sources. We assembled (1) data on all im-
pacts on wetlands requiring offset activities between 2012 and 2020,
as well as the compensatory method chosen by the US regulator; (2)
data on the characteristics of all banks in the wetlands program; (3)
spatially explicit cost data associated with the cost of land conservation;
and (4) spatially explicit benefit data in terms of the flood control value
of wetlands from two academic sources.

The resulting combination of data enables us to empirically exam-
ine, ex post facto, the factors explaining the choice of offset method
taken by the US regulator. Given that each offset method is associated
to a specific location—impact site for developer-led offsets and bank
sites for banking-led offsets—this spatial distinction allows us to evalu-
ate whether offset decisions reflect the trade-offs between land costs
and flood-control benefits at their respective locations. Specifically,
we estimate the probability that the regulator selects banking over
developer-led offsets, based on the relative costs and flood control
benefits of compensation at impact and bank locations, as well as on
the size of the banking market. More generally, these data allow us to
characterize the costs and benefits of restoration across offset sites and
to examine the distributional implications of offset siting decisions.

We provide several key empirical findings. First, while cost mini-
mization (considering both conservation costs and the cost reduction
effect of larger markets) significantly influences the choice between
the two offset methods, flood control benefits are absent from policy
determinations. Second, despite significant heterogeneity in the cost
effectiveness of the two alternatives, we document an overreliance
on banking in instances when prescriptive on-site compensation is
associated with substantial cost-to-benefit advantages. Third, given the
differences between wetland benefits lost on-site and those gained by
banks off-site, the implied exchange ratio demands more compensation
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for meeting NNL than the average trading requirements set by regu-
lators in the banking program. Finally, the banking mechanism has
promoted a significant spatial redistribution of flood control benefits
across the urban-rural landscape. Together, our findings convey both
reassurance and concern. When choosing between prescriptive and
market-based methods, the regulator of the US wetlands program capi-
talizes on the cost-reduction advantages of on- or off-site compensation
but fails to internalize the benefit-reducing externality promoted by the
decentralized banking mechanism.

This paper contributes to three primary strands of literature. First,
we add to the empirical literature evaluating NNL policies, in general,
and the US wetlands program, in particular. Several studies provide an
overview of the opportunities and risks of NNL policies (e.g., Bekessy
et al., 2010; Bull et al., 2013; Salzman and Ruhl, 2019). More recently,
detailed geospatial and administrative data have allowed the evaluation
of both the economic (BenDor et al., 2015, 2023; Aronoff and Rafey,
2023) and environmental (Inkinen et al., 2022; Theis and Poesch, 2022)
performance of the offset industry.” Most empirical research focuses
on the outcomes of banking, without comparing it to other offset
mechanisms. Exceptions include studies contrasting the socioeconomic
characteristics of communities served by wetlands at impact and bank
sites in regional subsets of the US program (Ruhl and Salzman, 2006;
BenDor et al., 2007; BenDor and Stewart, 2011).°> Our evidence echoes
previous findings of a significant migration of wetland services from
urban to rural areas.® We nevertheless extend this literature by pro-
viding a comprehensive, program-wide evaluation of the redistribution
of flood control benefits promoted by policy decisions. Moreover, our
measure of restoration benefits allows us to explore how wetland
relocation aligns with the goal of NNL of wetland values. This analysis,
previously unexplored due to the lack of a direct mapping between
socioeconomic characteristics and wetland values, offers new insights
into the trade-offs involved in the US program.

Second, we contribute to the literature on the determinants of regu-
latory choice. Existing evidence shows that decisions by governmental
agencies are influenced by various factors (e.g., economic conditions,
political pressures, agencies’ budget) across a variety of regulatory
contexts (e.g., banking, health, public utilities).” A subset of this lit-
erature focuses on policy determinations by environmental agencies,
with most studies examining the impact of special interest groups
on enforcement stringency.® A smaller set of papers investigates the
role of cost-benefit calculations in regulatory decisions, such as the
banning of chemicals based on health and environmental risks (Cropper
et al., 1992; Coria et al., 2022), the selection of contaminated sites
for cleanup based on level of harm (Viscusi and Hamilton, 1999), the
listing of species for protection based on degree of threat (Metrick and
Weitzman, 1996, 1998; Dawson and Shogren, 2001), and the frequency

4 See also Levrel et al. (2017) and BenDor and Riggsbee (2011), who have
conducted surveys among US mitigation bankers to examine how practitioners
address the theoretical risks associated with mitigation banking. For a meta-
review of earlier environmental evaluations of offset actions, see zu Ermgassen
et al. (2019).

5 See Kalliolevo et al. (2021) and Le Texier et al. (2024) for similar studies
in Australia and France, respectively.

6 Although all studies concur that the US program moves wetlands from
high- to low-population density areas, the effect of this relocation on specific
population groups is not consistent. For instance, BenDor et al. (2007) find that
impact sites in the Chicago region of Illinois were located in areas with a lower
average income and a higher percentage of minorities compared to bank sites,
whereas (BenDor and Stewart, 2011) find that impact sites in North Carolina
were located in more affluent, predominately white areas.

7 See Scholz and Wei (1986), Deily and Gray (1991), Olson (1996), Helland
(1998), Kroszner and Strahan (1999), Knittel (2006), Leaver (2009), Agarwal
et al. (2014), Holland (2016), Kang and Silveira (2021).

8 See Cropper et al. (1992), Ando (1999), Sigman (2001), Kosnik (2006,
2010), Langpap and Shimshack (2010), Grant and Grooms (2017), Langpap
(2022).
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of inspections of industrial facilities based on water quality of nearby
streams (Chakraborti and McConnell, 2012). We contribute to this
literature by exploring whether the costs and flood control benefits
of wetland restoration influence the choice between on- and off-site
compensatory mitigation by the regulator in the US wetland program.

Third, our work contributes to the literature by contrasting pre-
scriptive versus market-based approaches in environmental regulation.
The main theoretical finding is that incentive-based mechanisms are
more likely to meet environmental goals at least cost by allocating
more control to low-cost providers (Tietenberg, 1990; Stavins, 2003).
This result does not necessarily generalize if marginal benefits are not
constant across providers. This finding is reinforced by cost-benefit
studies that contrast the two approaches in the context of ambient
air pollution.’ Despite evidence of spatially explicit benefits from land
conservation (Ando et al., 1998; Polasky et al., 2008), few empirical
studies compare the cost effectiveness of prescriptive versus decentral-
ized policies. A notable exception is (Aronoff and Rafey, 2023), who
estimate the private gains from wetland trades in Florida by comparing
them to a scenario of direct conservation.'® While their study con-
trasts a market-based approach with the alternative of a development
prohibition, it does not address the choice of offset mechanism when
development is allowed. By leveraging the concurrent use of developer-
led and banking-led offsets in the US wetland program, we can directly
compare the cost-effectiveness of prescriptive and market-based offsets
using site-level benefit and cost estimates. This is important for pol-
icy decisions where the question is not whether to ban development
altogether, but how best to mitigate its impact.

This paper is organized as follows. Section 2 presents a model of
the cost-effective allocation of offsets, forming the basis for our two
predictions regarding the choice of offset method based on cost—benefit
differentials and the size of the banking market. Section 3 empirically
examines the choice of method and the cost-benefit patterns observed
within the US wetlands program. This section is divided into five sub-
sections: Section 3.1 describes the program; Section 3.2 details our data
sources; Section 3.3 outlines the measurement and rationale behind
our benefit estimates; Section 3.4 provides an overview of the data;
and Section 3.5 includes the regression analyses used to evaluate our
theoretical predictions. Section 4 provides a discussion of the results
and Section 5 concludes.

2. The economics of offsets

We develop a simple model of the choice of offset mechanism by
the regulator to fix ideas and to motivate our empirical approach. The
decision by the regulator is based on a given level of impact at the
development site and on pre-existing characteristics at potential offset
sites. Although NNL is the goal offset policies, achieving this goal at
least cost is desirable from an economic perspective. In cases where
offsets performed off-site at bank locations is optimal, a market can
deliver the efficient allocation of offsets if property rights are clearly
defined and there are no transaction costs. We analyze the efficiency
properties of on-site offsets by the developer versus off-site offsets by
banks under perfect market conditions.

9 See Tietenberg (1995) for a review of earlier work and O’Ryan (2006),
O’Ryan and Sanchez (2008) for two more recent contributions. See also Fowlie
and Muller (2019) for a simulation of the gains from differentiated incentive-
based policies due to heterogeneous marginal damages from NOx emissions in
the US.

10 Other empirical applications include Siikaméki and Layton (2007)
and Busch and Grantham (2013), who simulate the potential costs and
benefits between direct forest conservation strategies (protected areas) and
incentive-based approaches (payments for ecosystem services) in Finland and
in Indonesia. See also Robalino et al. (2015) and Sims and Alix-Garcia (2017)
for two ex-post evaluations contrasting the impact of national parks and
payments in terms of forest cover.
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Consider a representative developer (indexed by 0) and n banks
(indexed by 1, ..., n). The developer impacts land (or water areas) over
the course of its development activities. After the implementation of
avoidance measures aimed at minimizing development impacts, the
residual amount of land degraded is of size w € R,. Let D(w) with
D,, > 0 (where subscript denotes partial derivative) represent the
social cost of ecosystem functions and services that were lost due to
the degradation of w units of land. To offset residual damages, the
developer restores [, > 0 units of land on-site and each bank k =1, ... ,n
restores /;, > 0 units of land off-site. Let 5 € R, for i = 0,1,...,n
denote the site-specific parameter reflecting heterogeneous benefits of
restoration across offset locations and let B(/;,#;) denote the benefit of
restoring /; units of land at location i, where B, > 0 and B, > 0. The
total benefit from restoration may thus be expressed as Y_, B(;,n;)."

NNL is implemented by ensuring that condition )" B(;.n;) >
D(w) is met through on-site restoration by the developer and/or off-
site restoration by banks. The objective of the regulator is that of
minimizing the cost of meeting the NNL constraint. Let §; € R, denote
the site-specific parameter reflecting heterogeneous costs of restoration
across offset locations and let C(/;, 6;) denote the cost of restoration at
site i, where C; > 0 and C, > 0. The efficient distribution of offsets
solves:

min )" C(l;,6,) subject to ¥/ B(l;,n,) > D(w) and [, >0 for i =0,...,n.
(€Y

Let {/7(6,n, n)};':() denote the solution to (1), where 6 = (6,,6, ... ,6,)

and n = (ng,ny, ..., n,)- The conditions necessary for an optimal alloca-
tion of offsets are:!?

aC/ol,

— >} fori=0,..., 2
3B/l > i n ()]

with equality for an interior solution. These conditions correspond to
the well-established equimarginal principle. At the interior optimum,
the efficient allocation of offsets requires that the cost-to-benefit ratio of
restoration must be equal at the margin across all producers of offsets.

From (2), we may derive the optimal choice of offset method
employed by the regulator. Let x, = B(ly,#1,)/D(w) define the share
of damages compensated by the developer, with 1 —x, representing the
remaining share of damages compensated by banks. We may thus write
the equilibrium share of developer-led offsets as:

xg = x5(0,1,n). 3)

Note that, whenever 0 < x5 <1, only a subset of lost values will be re-

instated by the banking market, with the remainder being compensated
on-site by the developer. An efficient market will entail the purchase
by the developer of {IT, ..., 17} units of restoration from each bank.™®
Comparative statics show how the equilibrium share of restoration
performed by the developer depends on the cost and benefit profiles

11 The assumption of strictly increasing and additively separable benefits
from restoration ensure that offsets are both technologically possible as well
as substitutable across offset locations.

12 Condition (2) is also sufficient if C,;/C, > B,,/B,. That is, whenever the
convexity of costs outweighs the convexity of benefits. If not, then benefits
exhibit (strong) increasing returns to scale and increasing restoration at an
individual location will yield more benefits relative to its cost. In that case,
the optimal allocation will be such that all offsets are produced at one location
alone. The optimal location is that which provides the lowest cost and the
highest benefit for compensating all damages.

13 In case the optimal allocation entails restoration by multiple banks,
the decentralized solution can be achieved by setting a trading ratio (or
exchange rate) between the developer and each bank. The optimal trading
ratio corresponds to the ratio of marginal damages on-site to marginal benefits
off-site: Al, /Aw = D,,(w)/B,(I}.n,) for k=1,....n.
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of all available offset locations, as well as on the number of market
participants. In particular:

(3x(’§ 6x(’; 6x(’; 0x3
— <0, —2>0, — >0, — <0 @
00, 00, o ony

for k =1, ..., n. That is, lower costs and higher benefits from on-site (off-
site) restoration make developer-led (banking-led) offsets more likely
to be chosen as the preferred offset method. This result is based on
the principle that achieving NNL at least cost requires that offsets be
allocated to locations that offer the highest environmental return for
each dollar spent in restoration. In addition:

2% <0 5)
= (
That is, the share of offsets performed by the developer (by banks) is
always decreasing (increasing) with the number of banks. This result
can be attributed to two effects. First, at the extensive margin, increas-
ing the number of banks will expand the range of offset locations.
This expansion could increase the availability of more cost-effective
locations and thus lower the cost of meeting the NNL constraint through
banking. And second, at the intensive margin, a larger number of banks
may reduce the individual restoration effort required from each offset
provider. If costs are convex with respect to restoration, an increase
in market size will allow offset providers to operate at a lower, less
costly point along their marginal cost schedule, with the drop in indi-
vidual restoration costs being more pronounced than the corresponding
drop in individual restoration benefits. As a result, maintaining the
same level of aggregate benefits may be achieved at a lower unit
cost whenever total restoration effort is distributed across more offset
providers.'*

Both effects work to decrease the cost of offsets through banking
and thus lead to an increase in the choice of banking-led offsets with
an increase in market size. This cost-reduction effect may nevertheless
be conflated in empirical analyses, as the choice of banking-led offsets
may dictate market entry and thus the size of the market. We return to
this discussion in Section 3.5.

3. Empirical analysis

The theoretical framework highlights the fundamental principles
that dictate the choice of offset method by the regulator. It allows us
to make two key predictions.

1. The smaller the cost and the larger the benefit of restoration on-site
(off-site), the larger the share of offsets performed by the developer
(by banks).

2. The larger the size of the banking market, the lower (higher) the
share of offsets performed by the developer (by banks).

In what follows, we investigate how these predictions characterize
the US wetland program. In particular, we compare on-site restoration
by the developer and off-site restoration by banks in terms of restora-
tion costs and flood control benefits. Further, we examine whether
cost-benefit differentials and the size of the banking market have
affected the actual choice of compensation method selected by the
regulator.

3.1. The US wetland mitigation program

US wetlands are protected under Section 404 of the 1972 Clean
Water Act (CWA), which provides the Corps and the EPA with the au-
thority to regulate impacts on aquatic resources. In a Memorandum of

14 This effect applies if condition C,;/C, > B,,/B, is satisfied. If not, then the
cost-reduction effect of a larger market is attributed to the extensive-margin
effect alone, since all damages will be compensated at one location alone. See
Footnote 12.
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Agreement (MOA) adopted in 1990, the Corps and the EPA established
NNL as the guiding principle for reviewing permits for activities that
impact wetlands (Corps and EPA, 1990).'> Since then, permit applicants
must offset unavoidable impacts—those that remain after avoidance
and minimization efforts have been exhausted—through compensatory
mitigation. Compensatory mitigation includes the restoration of de-
graded wetlands, the enhancement of functions of existing wetlands,
or the creation of new wetlands from uplands. The two primary meth-
ods of compensatory mitigation are permittee-responsible mitigation
(PRM), where the permittees themselves are responsible for the com-
pensation project, and mitigation banking (MB), where a third-party
develops a compensation project and sells offsets to permittees.'®

The Corps and the EPA actively supervise the certification of offsets
conducted by both permittees and banks. PRM and MB are similar
in that both require an environmental assessment, a set of proposed
restoration activities, and a detailed implementation program. These
provisions are consolidated in a document called a “mitigation plan”
(also referred to as “banking instrument” in the case of MB), which is
a formal agreement between the regulators and either the developer
or the bank owner. This agreement addresses responsibilities and goals
for restoration plans (e.g., monitoring, performance standards, and fi-
nancial assurances). The plan must include a site-protection instrument
that places the offset site under a perpetual conservation easement
restricting future uses and development.

The mitigation plan specifies how restoration activities on a com-
pensation site will improve wetlands relative to their baseline con-
dition. A comprehensive environmental evaluation will describe the
initial state of the wetland, the ecosystem functions performed by the
wetland, and the potential for improvement of these functions through
restoration activities. The contribution of restoration activities to the
improvement of wetlands is expressed in “credits”, which are defined in
terms of acres of wetland type (e.g., palustrine emergent or estuarine),
as well as the nature of the restoration activity (e.g., creation or
enhancement of wetlands). The determination of the number and type
of credits is based on assessment methodologies designed to quantify
the functions of wetlands in a systematic way.!” Although assessment
tools typically incorporate diverse criteria related to the biophysical
processes that characterize wetlands (e.g., water storage capacity),
credits do not directly account for the values derived from the functions
that wetlands support (e.g., flood protection).

15 Impacts regulated under this program typically include wetland fills for
development, water projects (e.g., dams and levees), infrastructure develop-
ment (e.g., highways and airport construction), and wetland conversion into
agriculture land.

16 A third method is in-lieu fee (ILF) programs, which have recently emerged
as an alternative off-site mitigation option to MB. ILF programs are similar
to MB but with two important distinctions. First, only government agencies
or non-profit organizations may establish ILF programs. Second, unlike MB,
which requires compensatory mitigation in advance of permitted impacts, ILF
allows developers to pay a fee to the sponsoring entity, which then pools these
fees to fund conservation projects at a later date. ILF programs are used in
areas where off-site compensation is deemed the preferred offset method but
MB is not an available option. Given that ILF does not require that the location
of the offset be determined at the time of the impact, our analysis focuses on
the comparison between MB and PRM alone.

17 Examples of assessment methodologies include the Hydrogeomorphic
Method (HGM) and the Uniform Mitigation Assessment Method (UMAM).
These are quantitative tools that classify the hydrological and biological
functions of wetlands and their improvement potential. Regulatory guidelines
provide fixed exchange ratios that convert wetland attributes into credits.
Conversion rates are based on factors such as the expected improvement
in wetland function, likelihood of success, and uniqueness of habitat types.
The specific methodology for calculating credits varies across jurisdictions
depending on wetland characteristics and regulatory frameworks.
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For wetland development, a similar environmental assessment is
conducted to understand the extent of the damage and the type of
offset that will be required. The regulator specifies the number and type
of offset credits that the developer needs to implement (PRM) or pur-
chase (MB) in order to proceed with permitted impacts. The developer
who buys offsets from a bank is restricted to purchasing credits from
banks operating within a pre-defined geographic area. These market
boundaries, known as ‘“service areas”, are defined in the banking
instrument; they approximate hydrological regions (e.g., watersheds
and sub-watersheds).

In terms of offset trading, the regulator maintains a transaction
ledger that tracks the allocation and release of credits from banks.
When a bank is established, the regulator allocates a fixed quantity of
credits to the bank. If MB is chosen as the compensation method, the
regulator specifies the credits that developers must obtain and verifies
whether they have secured enough credits to offset development im-
pacts. Following the transaction’s approval, the regulator withdraws the
corresponding number of credits from the bank’s balance. Although the
regulator maintains the ledger, offset trades between developers and
banks occur bilaterally, often with the help of private intermediaries.
The lack of a formal transaction structure limits what we know about
the exact market mechanism, and offset trading may involve a variety
of imperfectly competitive characteristics.'®

3.1.1. The choice between PRM and MB

The initial phase of NNL policy was prescriptive and did not involve
offset trading. In the 1990 MOA, the Corps and the EPA expressed
a preference for on-site and in-kind offsets performed by permittees.
This preference was based on the recognition that the functions and
values of wetlands are inherently tied to their location. As the pro-
gram matured, several reports indicated that on-site PRM was yielding
less-than-adequate restoration outcomes and that non-compliance rates
were high due to limited resources for enforcement of individual offset
projects (NRC, 2001; GAO, 2005). To secure offsets in advance of
permitted impacts and to improve regulatory oversight over fewer
offset locations, the two agencies have come to favor off-site compen-
sation by banks. Recognizing that this adjustment might undermine
the equivalence of offset activities, the service areas of banks were
restricted to the same hydrological region as that of permitted impacts,
so as to maintain a credible geographic link between losses and offsets
of wetland functions. It is nevertheless the case that service areas often
extend far beyond the immediate location of permitted impacts.'®

Explicit regulatory preference for MB was incorporated in the 2008
Final Compensatory Mitigation Rule (Final Rule, Corps and EPA 2008).
The current regulatory regime establishes that, when deciding between
PRM and MB, the choice must be that which is environmentally prefer-
able and that, in this determination, the regulator should evaluate
factors such as the proximity of the compensation site to the impact
site and the costs associated with the compensatory mitigation project
(US Code 33 CFR §332.3). The policy states that, if permitted impacts
fall within the service area of an approved bank and if the bank has the
appropriate number and resource type of credits, then compensation
should be performed through MB, with PRM being chosen only if
these conditions do not hold. After the adoption of the Final Rule, MB
became increasingly used as the preferred compensation method. While
PRM represented about 60% of all offsets permitted by the Corps in

18 For instance, government agencies frequently procure offsets through
sealed-bid auctions (e.g., Department of Transportation in Georgia and
Florida). On the other hand, private transactions involve bilateral negotiations,
with some intermediaries providing price lists for potential clients.

19 Service area boundaries are commonly defined by watershed. Watersheds
are identified by an 8-digit hydrological unit code (HUC) by the US Geological
Survey, which on average cover an area of 1,800 square kilometers (Seaber
et al., 1987).
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Fig. 1. Adoption of MB in the US wetlands program.

1: San Francisco 9:  Tulsa 17: New Otleans 25: Buffalo

2: Portland 10: Fort Worth 18: St. Louis 26: Huntington
3: Seattle 11: Galveston 19: Memphis 27: Savannah
4: Los Angeles 12: Kansas City 20: Chicago 28: Pittsburgh
5: Sacramento 13: Little Rock 21: Detroit 29: Charleston
6: Wall Walla 14: St. Paul 22: Louisville 30: Jacksonville
7: Albuquerque 15: Rock Island 23: Mobile 31: Wilmington
8: Omaha 16: Vicksburg 24: Nashville 32: Norfolk

Data source: Corps (2020).

2008 (IWR, 2015), by 2020 it represented only 31%. By contrast, MB
now represents the choice of compensation method in more than half
of all offset determinations (Corps, 2020).

Despite the widespread adoption of MB, its exact application is
marked by regional differences. The Corps is organized into several
geographical divisions and districts, which are defined in terms of
watershed boundaries. Policy oversight is delegated to its 36 district
engineers, each with the authority to choose the granting of per-
mits, the environmental assessment method for credit calculation, and
the compensation method for permitted impacts. This decentralization
allows for considerable discretion in facilitating the emergence and
viability of MB as a compensation option, in general, and in the choice
between MB and PRM for offsetting a given impact, in particular. Fig. 1
shows the geographical boundaries of the 36 districts and the variation
in the share of compensated impacts using MB within each district over
the 2012-2020 period.

3.2. Data sources

Information on impact permits was obtained through Freedom of
Information Act requests from the Operations and Maintenance Busi-
ness Information Link Regulatory Module (ORM) administered by the
Corps (Corps, 2020). The ORM database provides a detailed account
of each impact, including the size of impact and the type of affected
aquatic resource. For each impact, we observe whether compensatory
mitigation was required and whether compensation was performed
through MB or PRM. The data are observed over 2012-2020 and
comprise 21,574 unique development projects with impacts to wetlands
requiring compensatory mitigation. We observe the location coordi-
nates of each impact and approximate its footprint with a circular
buffer where the area corresponds to the reported size of the impact.

We obtained a complete record of wetland mitigation banks and
credit transactions from the Regulatory In-lieu Fee and Bank Infor-
mation Tracking System (RIBITS) (Corps, 2022). In addition to the
characteristics and footprint polygons of individual banks, the database
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Shares of permit decisions on impacts to wetlands where MB was used for compensation over 2012-2020.
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35: New York
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includes the polygons of service areas of banks and credit transaction
ledgers. These data enable us to identify the banks that were available
to supply compensation credits for a given impact and the total quantity
of credits available for purchase.

To measure restoration costs, we use high-resolution maps of the
market value of private lands, retrieved from Nolte (2020). This dataset
was produced by training an ensemble of machine learning models on
6 million land sales across the contiguous US. The estimates provide a
cross-sectional proxy for the opportunity cost of conservation strategies
that restrict private property rights—as is the case with PRM and MB,
since land used for offsets is placed under a perpetual conservation
easement.’

As an alternative cost measure, we use agricultural land value
census data from the USDA. Available at five-year intervals from 1997
to 2022, these data provide a temporal perspective on land values that
is absent in Nolte (2020). While this allows us to capture trends in
restoration costs over time, the USDA data are reported at the county
level, which loses the within-county variation observed in Nolte (2020).
As a result, with USDA data, variation of costs between impact and
bank sites can only be detected when they are located in different
counties.

We use LCMAP land cover data (USGS, 2022) to construct measures
of land use dynamics around impact sites. The LCMAP dataset provides
annual land cover classifications at a 30-meter resolution. These data
allow us to track the extent of developed land and wetland areas
over time. Specifically, we calculate the shares of developed land and
wetland area within a 10 km buffer around each impact site. The inter-
action between these two measures will serve as the basis for capturing
development pressure on wetlands, which we later incorporate into our

20 1t should be noted that conservation easements extinguish only a subset
of property rights (e.g., development rights) in perpetuity, while landowners
retain ownership of the land. In a validation exercise, Nolte (2020) find that
their land-value estimates explain 73% of the variance in the appraised value
of land placed under a conservation easement.
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regression analysis as a proxy for economic factors influencing offset
demand.

Wetland restoration benefits are approximated using two datasets.
First, we use the US Flood Database (USFD) developed by Li et al.
(2021). The USFD integrates several flood datasets and provides de-
tailed information on flood events across the US, including location,
duration, and geographic characteristics of the impacted area. This
dataset allows us to link the benefit of wetland restoration directly
to the physical characteristics of offset sites, specifically in terms of
their potential for flood attenuation. Second, we use the monetized
benefit estimates of US wetlands by Taylor and Druckenmiller (2022)
(TD). The authors combine flood-insurance claims data with high-
resolution wetland area data to estimate the value of wetlands in
mitigating flood damages across the US. By integrating their main
empirical estimates with geospatial data on urban development and
other landscape features, the authors provide spatially explicit wetland
values. This dataset provides us with an estimate of the monetary value
of wetland restoration at a given location in terms of avoided flood
damages based on the local level of development.

The precise measurement and rationale underlying our benefit esti-
mates are detailed below.

3.3. Benefits of wetland restoration

We approximate flood control benefits with flood counts using the
USFD high-resolution maps of flood occurrence. This measure of benefit
assumes that the value of wetland restoration is positively related
to the historical incidence of flooding. This assumption is anchored
on expected utility theory, which asserts that the willingness to pay
(WTP) for a reduction in risk is increasing with the baseline level of
risk (Jones-Lee, 1974). The higher-baseline risk hypothesis is consistent
with empirical studies that find that the WTP for flood risk mitigation is
increasing with perceptions of flood risk and with flood experience.?!
To address the fact that the flood attenuation service of a wetland is
not only local but occurs along its drainage area, we consider the sub-
watershed as the unit of analysis, rather than the area extent of the
offset site alone.?*>*

There are two main advantages of this measure of benefits. First, it
is independent of (although correlated with) our cost measure. Second,
it allows us to capture the variability of benefits in terms of expo-
sure to flood risks. The disadvantage is that it does not account for
the variability in flood damages owing to differences in development
(i.e., exposed capital) and population density. To address this caveat,
we complement the analysis with the monetary estimates from TD that
specifically incorporate differences in value based on local levels of
development.

We note two limitations in using TD estimates as the sole basis for
our analysis. First, the estimates do not account for the flood protection
benefits to agricultural assets. TD’s valuation exercise relies on claims
data from the US National Flood Insurance Program, which primarily
covers residential and commercial property losses. Their spatially ex-
plicit measure considers the differential value of wetlands based on

21 Examples include Browne and Hoyt (2000), Botzen and van den Bergh
(2012), Petrolia et al. (2013), Netusil et al. (2021), and Ando and Reeser
(2022).

22 Sub-watersheds are identified with a 12-digit HUC by the US Geological
Survey. The interquartile range for the area of these regions is from 15.8 to
29.7 thousand acres.

23 Flood protection by wetlands is achieved through three primary mech-
anisms: (1) absorption of floodwaters (both by surface water retention and
soil infiltration), (2) evapotranspiration (due to wet vegetation), and (3)
attenuation of flood flows along watercourses (Acreman and Holden, 2013).
While the first two mechanisms provide local flood mitigation, the third
highlights the landscape-wide impact of wetlands in reducing downstream
flood risks across the drainage basin.
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levels of urban development, but not on land conversion involving
agricultural production, which is also susceptible to flood risks and
economic losses. For that reason, their estimates might inadequately
capture the flood control benefit of wetland restoration in rural settings,
where off-site mitigation banking typically takes place.’* The second
limitation of the TD measure is that it does not reflect flood incidence of
specific locations. Their estimates correspond to the average benefit of
wetlands within a region, adjusted for local levels of development, but
not for local flood vulnerability. This could lead to an overstatement of
benefits in offset locations that are highly developed yet face minimal
flood risks, while also reinforcing a positive correlation between land
values and flood control benefits, since both are partially driven by
levels of urbanization. Therefore, using both the physical and monetary
measures of benefit offers a check on whether the observed trade-offs
are driven by valuation approaches, and provides a complementary
view of flood-control benefits across the landscape.

3.4. Data description

To provide an overview of the data, we compare the geographic
distribution of impacts and banks to the distribution of land cover
characteristics, market size, and cost and benefit measures. Fig. 2
illustrates these patterns in the state of Georgia, where the cost and
benefit trade-offs are particularly salient. Panel (a) shows how wet-
land development occurs predominantly near existing developed areas,
where wetlands are relatively scarce. In contrast, bank sites are fewer
and typically located in rural landscapes with higher existing wetland
density. Qualitatively, these patterns show that offset trading involves
significant spatial reallocation of wetlands within each market. This
reallocation includes both the relocation of wetlands from urban to
rural areas and the consolidation of numerous small impacts into fewer,
larger mitigation banks.

Panel (b) illustrates the variation in the size of markets that service
impacts. The two delineated regions depict the service areas of two
banks. As previously noted, if an impact is located within the service
area of a bank, the developer may purchase compensatory credits
from that bank. Although the service areas correspond to hydrological
regions, service-area demarcations often have partial overlaps. Con-
sequently, the size of banking markets are not uniquely defined by
geographical boundaries. The background map in Panel (b) depicts
the number of overlapping service areas or, equivalently, the number
of banks that could provide compensation for an impact at a given
location.

Panels (c) and (d) in Fig. 2 illustrate the relationship between
impact and bank locations to restoration costs and benefits (in terms
of flood incidence). These figures display two stylized facts that un-
derpin our empirical analysis. First, the costs and benefits of wetland
restoration are positively correlated, which implies a trade-off in the
choice of offset locations. This pattern holds across both our flood-
incidence and monetized measures of benefit, although the correlation
between costs and benefits is stronger with the TD estimates due to
their connection with development intensity. This consistency suggests
that the observed trade-off reflects a broader spatial pattern of costs
and flood-control benefits rather than a measurement artifact. Second,
impacts to wetlands are concentrated in urban and suburban areas
that have high land values and recurrent flooding, while banks are
located in areas with lower land values and lower flood control benefits.

24 TD find that cropland and pasture accounted for 35% of wetland loss and
58% of wetland gain. However, when testing for differential flood mitigation
impacts by land use, the authors find that the loss of wetlands increases flood
damages only when wetlands are converted into developed land, but not when
they are converted into agricultural land. This result is likely attributable to
the fact that agricultural production does not generate substantial claims in
their data.
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Fig. 2. The distribution of impacts and mitigation banks in Georgia.

Impacts to wetlands requiring compensatory mitigation and mitigation banks that were available to compensate those impacts in the state of Georgia from 2012 to 2020 (Corps,
2020, 2022). Panel (a): Land cover classification in 2021 (USGS, 2022), overlaid with the location of impacts and banks. Panel (b): Density of banks servicing impacts that fall
within the corresponding region, overlaid with the location of actual impacts. Two examples of mitigation bank service areas are delineated in yellow and black. Panel (c): Expected
land-sale prices in 2010 (Nolte, 2020), overlaid with the location of impacts and banks. Panel (d): Flood counts over 2002-2019 (Li et al., 2021), overlaid with the location of

impacts and banks.

Consequently, there is an apparent cost-saving potential from choosing
off-site compensation by banks (MB), while benefits are higher for
on-site compensation by the developer (PRM).

Table 1 provides the descriptive statistics for the overall program
in the contiguous US. The patterns shown in Fig. 2 generalize at the
national level. On average, the land value at impact sites exceeds that
at MB sites by 129,000 USD per hectare. This difference in restoration
costs favors the choice of off-site MB. Conversely, our two benefit
measures favor the choice of on-site PRM. Flooding occurs nearly twice
as often at impact sites compared to bank sites, and the monetized flood
control benefits of wetlands at impact sites are more than three times
larger than those at bank sites.

Fig. 3 illustrates the trade-off between the cost and benefit of
restoration and the correlation with the choice of offset method by
the regulator. The data comprise the overall program in the contiguous
US, aggregated annually over each of the 36 districts. Each data point
corresponds to a specific year-district pairing. The color of the points
indicates the choice of off-site MB, measured as the share of impacted
area compensated by banks.

The left panel displays the cost advantage (x-axis) and benefit
advantage (y-axis) of compensation at bank sites compared to impact
sites for a given year and district. The figure reveals a strong positive
association between the choice of off-site MB and the cost-benefit
differential between on- and off-site compensation. This indicates that
MB is more prevalent when the average cost-to-benefit advantage of
MB over on-site PRM is high.

The right panel in Fig. 3 illustrates the relationship between the
cost-benefit score of MB (calculated as the sum of the x- and y-axes
in the left panel) and the number of banks. Two main insights can be
drawn from this figure. First, the cost-benefit score of MB is positively
correlated with the number of banks, which suggests that the cost and
benefit advantages of off-site compensation are significant factors in
the development of a banking market. Second, for a given cost-benefit
score, MB is chosen more often when the market size is large. This
pattern is consistent with our prediction that larger markets should
favor the choice of MB.

Fig. 3 presents cross-sectional correlations that reflect the pattern
across administrative districts in the program. Below, we perform a
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Fig. 3. Cost and benefit differentials and the choice of offset method.

0
Cost-benefit score

Impacts to wetlands for 2012-2020, aggregated annually over the administrative districts of the US wetlands program. The color gradient indicates the share of impacted area
that was compensated through MB. Cost advantage: Mean difference in land value between impact sites and bank sites that were available for compensation. Benefit advantage:
Mean difference in the number of flood events between impact sites and bank sites that were available for compensation. A higher value in cost and benefit advantage implies
that MB outperforms PRM. Cost-benefit score: Sum of cost advantage and benefit advantage. Available banks: Mean number of banks that were available for compensating impacts.

All variables are log-transformed and standardized.
Data source: Corps (2020, 2022), Li et al. (2021), Nolte (2020).

Table 1

Descriptive statistics.
Data source: Nolte (2020), Li et al. (2021), Taylor and Druckenmiller (2022), Corps

(2020, 2022).

Variable Impact sites Bank sites Difference
Land value (US $1,000/ha)
Mean 155.78 26.80 128.98™"
Std. dev. 402.78 75.33
Flood events (count, 2002-2019)
Mean 28.82 15.00 13.82"
Std. dev. 94.90 51.36
Wetland restoration benefit
(US $1,000/ha/year)
Mean 7.13 2.28 4,85
Std. dev. 14.72 7.63
Area (ha)
Mean 1.35 196.64 -195.29""
Std. dev. 27.05 564.48
Available banks
Mean 5.64
Std. dev. 10.47
Mitigation method (% MB chosen)
Mean 66.4%
Std. dev. 47.2%
N 28,291 1,390

* p < 0.05 ** p < 0.01, *** p < 0.001. Welch two-sample t-test.
Impacts to wetlands requiring compensatory mitigation and mitigation banks that were
available to compensate those impacts from 2012 to 2020.

regression analysis to examine the relationship between the choice of
offset method and both cost-benefit differentials and market size, while
accounting for regional and time-specific effects.

3.5. Regression analysis

3.5.1. The influence of costs and benefits on the choice of offset method

First, we examine whether the association between costs, benefits,
and the choice of mitigation method, as depicted in the left panel of
Fig. 3, also holds after accounting for time-invariant regional charac-
teristics and temporal trends. In particular, we estimate the following
panel-regression model:

Yi=8Ci+hBi+a+y+e; (6)

where Y}, is the share of impacted wetland area compensated through
mitigation banking in district i in year ¢, C;, is the average cost advan-
tage of MB relative to PRM, B;, is the average benefit advantage of MB

relative to PRM, «; and y, are district and year fixed effects, and ¢, is
the error term. The cost and benefit variables are calculated in terms of
the log difference between their average value at the location of banks
servicing a given impact and the value at the corresponding impact site.
For both variables, a higher value implies that MB outperforms PRM.
We also estimate (6) with impact-level data (repeated cross-section),
where the binary outcome Y; indicates whether MB was chosen as the
offset method for impact i.

The regression results are shown in Table 2. The upper section
presents district-level regressions with aggregated data, while the bot-
tom section presents analogous impact-level logit regressions where the
outcome is a binary indicator of the chosen mitigation method. The first
column in the upper section corresponds to a pooled OLS regression on
the data depicted in the left panel of Fig. 3. Here, both cost and benefit
measures are strongly associated with the choice of offset method. The
estimates indicate that a decrease in cost or an increase in the benefit
of restoration at bank sites increases the choice of MB. Specifically,
an increase of one standard deviation in both variables combined
corresponds to a 29.2 percentage point increase in the predicted share
of MB.*® However, after including unit and year fixed effects, only
the cost variable coefficient remains statistically significant, and its
magnitude is reduced to less than a third of the pooled model estimate.

This finding is robust to various alternative specifications. In column
(3), the data are aggregated by sub-basics (Hydrological Unit Code
8-digit regions) which approximate the size of banks’ service areas.
In columns (4) to (6), we introduce additional controls. Specifically,
we control for the size of compensated impacts and for development
pressure. The size of an impact is measured as the reported area
extent of the impact, while development pressure is captured by the
interaction between the trend in developed land around an impact site
and the remaining wetland area at the time of the impact.?®>?” Columns

25 The reported coefficients are from standardized variables which are
constructed as log differences between measurements at impact sites and mit-
igation bank sites. Without standardization, the results imply that a combined
one percent increase in both the cost and the benefit differentials corresponds
to a 0.32 percentage point increase in the predicted share of MB.

26 The size of an impact may influence the feasibility of compensation
through, e.g., land availability constraints. Descriptively, larger impacts tend
to occur in rural areas, suggesting a non-uniform spatial distribution of impact
sizes.

27 The trend of developed land is measured as the share of developed land-
cover in LCMAP over the 10 years prior to an impact and within a 10 km buffer
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(5) and (6) test the stability of our results by replacing the primary cost
and benefit variables with alternative data sources. Column (5) uses
USDA agricultural land values as a measure of cost, while column (6)
uses the flood-control value estimates from Taylor and Druckenmiller
(2022) as a measure of benefit.’® Across specifications, the results
remain consistent.

Finally, we examine the robustness of our results using logit es-
timates based on project-level data in the bottom section of Table
2. Columns (1) through (6) follow the same specifications as those
described for the upper panel. Across different models, the estimates
reinforce our main finding: the cost advantage of banks is positively
associated with the choice of MB as an offset mechanism, while differ-
ences in flood control benefits do not significantly influence regulatory
decisions.

3.5.2. The influence of market size on the choice of offset method

In this section, we examine the relationship between market size
and the choice of offset method. Descriptively, the right panel of
Fig. 3 shows that larger markets are associated with a higher uptake
of MB. This aligns with theoretical predictions that larger markets
reduce offset costs, thereby increasing the share of banking-led offsets.
However, since banking uptake by the regulator may also influence
market size by encouraging bank entry, the observed relationship could
be confounded by offset demand.

To mitigate this effect, we estimate panel regression models similar
to Eq. (6), incorporating the number of available banks as an explana-
tory variable, while controlling for demand-side factors. Specifically,
we focus on regression models that include development pressure as
a control variable. Development pressure, measured as the interaction
between land development trends and wetland area at impact sites,
reflects the increased offset demand in regions where high development
activity coincides with significant wetland cover. By accounting for this
variable, the model helps differentiate the impact of market size on
banking uptake from demand-driven factors that may influence bank
entry.

Table 3 presents regression results with alternative specifications
analogous to those in Table 2. The estimates consistently indicate that
increases in market size are associated with a higher uptake of MB.
Columns (4) through (6), which include the development pressure
control, confirm the stability of these findings. Model (4), in specific,
indicates that a one percent increase in the number of available banks
is associated with a 0.22 percentage point increase in the share of MB.
In addition, the logit estimates from project-level data (lower panel)
closely match the findings from the aggregate-level analysis (upper
panel), further reinforcing the robustness of the results.

Also note that including the number of banks does not significantly
alter the coefficients on cost (and benefit) differentials across speci-
fications, as shown in Table 2. This reflects the fact that, while the
cost-benefit score and market size variables are strongly correlated
cross-sectionally (as shown in the right panel of Fig. 3), their changes
over time are not. The regression results therefore indicate that changes
in market size influence the share of mitigation banking beyond what
site-level cost differences alone can explain. This supports the interpre-
tation of market size as an independent driver of offset method choice,
in line with theoretical predictions.

around the impact site. Wetland area is measured as the share of wetland-cover
in LCMAP within a 10 km buffer around the impact site at the time of the
impact.

28 USDA data are reported at the county level, which limits within-county
variation in costs between impact and bank sites. In our sample, 86.1% of all
impacts had at least one bank in a different county and 49.2% had all banks
in a different county. The coarser resolution of USDA data may contribute to
the attenuation of the cost coefficient observed in Table 2, cols.4-5.
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4. Discussion

Because the costs and benefits of restoration are closely tied to their
location, the decision between prescriptive on-site and market-based
off-site compensation directly influences the ability of offsets to achieve
the policy goal of NNL. The choice between the two methods is never-
theless not straightforward when costs and benefits move in the same
direction, as it becomes difficult to identify an option that is both more
effective and less costly. Our data reveals a significant tension between
the two methods: on-site locations exhibit higher restoration costs and
flood control benefits, whereas off-site bank locations exhibit both
lower costs and benefits. This trade-off underscores the importance of
basing offset method determinations on cost-to-benefit assessments.

Our results nevertheless reveal that the influence of cost-
effectiveness on regulatory choice is only partially significant. Specif-
ically, while lower costs at off-site locations have a significant impact
on the choice of banking-led offsets, no significant relationship exists
between flood control benefits and the choice of mechanism. This is
true when benefits are measured in terms of flood risk exposure as well
as in terms of monetized estimates based on flood insurance claims.

This finding is important for three reasons. First, when combined
with the observation that mitigation banking has increased significantly
over time, it suggests an overreliance on the banking mechanism. The
2008 Final Rule states that banking should take precedence over other
offset methods. Our results confirm the widespread adoption of banking
and indicate strong regulatory adherence to the Final Rule. However,
alignment with this policy directive should not preclude variation in
the choice of mechanism explained by cost and benefit indicators.
Policy guidelines explicitly state that offset decisions should be based
on the costs of offset projects as well as on the benefits from wetland
services. Although our findings suggest that the regulator exhibits some
degree of cost sensitivity, they nevertheless reveal that on-site benefits
are absent from policy determinations. By favoring banking as the
primary offset method, regulators overlook the potential flood control
advantages of on-site compensation, thereby deviating from the policy
rule.

Second, our results raise concerns regarding the policy goal of
achieving NNL of wetland values. Although the choice of a less effi-
cient mechanism does not prevent the reinstatement of lost values—
instead implying that more compensation might be required for full
replacement—the fact that flood control benefits do not factor into
regulatory decisions suggests that offsets may fail to deliver equivalent
wetland values. Many authors have noted that trades in the wetland
program are not based on service values but instead on wetland acreage
and functions (e.g., King et al., 2000; Salzman and Ruhl, 2019). As
a surrogate for value differentials, regulators typically stipulate that
exchange ratios between wetland area restored and lost be greater than
1 : 1. Given the difference between benefits on-site and those at bank
sites, the replacement of flood control values in our data would entail
the restoration of 3.13 acres of land in exchange for 1 acre of original
wetland.? This average ratio is relatively consistent with the range of
ratios that are frequently employed in the program, which typically fall
between 1 and 3 acres of created or restored wetland in exchange for
1 acre of impacted wetland (Hook and Shadle, 2013).%° Nevertheless,
if we were to focus on instances where on-site compensation had a
higher cost-benefit score but banking was chosen, full replacement of
flood control values would have required a ratio of 10 : 1, which is

29 This assumes that flood control benefits vary linearly with area lost and
restored.

30 At the federal level, a minimum 1 : I ratio is required between acres
compensated and acres impacted (Corps and EPA, 2008). Nevertheless, district
divisions have discretionary power to establish their own ratios, which in
general are set at a level greater than 1 : 1. They vary by, for instance, the
type of offset (restoration, creation, etc.) and the type of wetland impacted.
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Table 2
Costs, benefits, and the choice of mitigation method.
@ 2 3) @ 5) 6)
Unit of observation: Region
Dependent variable: share of MB chosen
Cost advantage of MB
(a) Land value 0.117" 0.037" 0.026™ 0.042" 0.0517"
(0.023) (0.016) (0.009) (0.015) (0.018)
[<0.001] [0.029] [0.005] [0.008] [0.008]
(b) Ag. land value 0.020""
(0.004)
[<0.001]
Benefit advantage of MB
(a) Flooding events 0.175™" 0.013 0.024" -0.010 —-0.020
(0.030) (0.027) (0.010) (0.029) (0.028)
[<0.001] [0.629] [0.014] [0.711] [0.439]
(b) Wetland benefit 0.019
(0.018)
[0.283]
Additional covariates v v v
Year and region FEs v v v v v
Region District Sub-basin District District District
N 316 316 4529 316 316 316
R? adj. 0.247 0.658 0.436 0.673 0.670 0.674
Unit of observation: Development project
Dependent variable: I(MB chosen)
Cost advantage of MB
(a) Land value 1.242" 1.216™ 1.3747 1.198" 1.138"
(0.119) (0.091) (0.098) (0.091) (0.074)
[0.024] [0.009] [<0.001] [0.017] [0.049]
(b) Ag. land value 1.006
(0.012)
[0.640]
Benefit advantage of MB
(a) Flooding events 1.080 1.009 0.972 0.994 0.960
(0.111) (0.066) (0.057) (0.063) (0.057)
[0.450] [0.886] [0.628] [0.923] [0.486]
(b) Wetland benefit 0.868
(0.074)
[0.098]
Additional covariates v v v
Year and region FEs v v v v v
Region District Sub-basin District District District
N 23061 23057 18753 23056 23259 23056
R? pseudo adj. 0.007 0.276 0.324 0.288 0.288 0.290

*p < 0.05, ** p < 0.01, *** p < 0.001. OLS estimates in upper panel and exponentiated logit estimates in lower panel. Standard errors in
parentheses. P-values in square brackets. Standard errors clustered by the administrative districts of the compensatory mitigation program (N
= 36). Cost advantage of MB: Standardized mean difference between the impact sites and mitigation bank sites in terms of (a) land value
(Nolte, 2020) and (b) agricultural land value (USDA). Benefit advantage of MB: Standardized mean difference between mitigation bank sites
and impact sites in terms of (a) the number of recorded flooding events (Li et al., 2021) and (b) monetized wetland benefits (USD/acre,
(Taylor and Druckenmiller, 2022)). Additional covariates: Impact size, trend of developed land cover interacted with wetland area (USGS,
2022). Sample: Data on impacts to wetlands over 2012-2020 where compensatory mitigation was required and at least one mitigation bank
was available. Upper panel: Annual means over the administrative districts of the US Clean Water Act compensatory mitigation program or

subbasin (Hydrological Unit Code 8-digit region). (Corps, 2020, 2022)

well above the commonly applied exchange ratios. This discrepancy
highlights the potential inadequacy of wetland trades in replacing
values within the current program.

Third, our results reveal a substantial migration of flood control ben-
efits from urban to rural areas. Many authors have expressed concern
that mitigation banking leads to the relocation of service values across
the landscape (e.g., Ruhl and Salzman, 2006; BenDor et al., 2008). As
expected from market dynamics, developers seek to develop wetlands
in urban areas where land is dear, and banks restore wetlands in rural
areas where land is cheap. Trades in the banking program may thus
result in wetlands moving out of areas where they provide valuable
services to urban populations and into sparsely populated areas where
their service provision may be less valuable. Aronoff and Rafey (2023)
document this pattern in Florida and show that wetland trades led to
losses in local flood protection that are not always reflected in offset
prices. Our findings reinforce this concern but point to a broader issue.

11

Not only might local flood externalities go unaccounted for by the
pricing mechanism of the current market design, but they are enabled
by the upstream decision of whether to use a market for offsets in the
first place. Given that regulatory choices do not factor the disparity
in flood protection between development sites and eligible banks, the
program allows these relocations to occur without accounting for the
externality effect of the practice.

Our final set of results relate to how market characteristics influence
the cost-effectiveness of banking and thus its choice as the preferred
compensation method. A key concern of markets for environmental
offsets is that markets might be too “thin” to realize the full potential
of a decentralized mechanism (Salzman and Ruhl, 2005; Shabman,
2004). Theoretically, we show that the larger the market size, the
lower the cost of meeting NNL with banking. Empirically, we find that
the number of banks is a strong predictor of the regulator’s choice of
banking-led offsets. This result, together with the observation that the
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Table 3
Market size and choice of mitigation method.
@™ (2) ®3) @ ) 6)
Unit of observation: Region
Dependent variable: share of MB chosen
log(Available mitigation banks) 0.297""" 0.206 0.134™ 0.223" 0.224" 0.205
(0.052) (0.098) (0.025) (0.090) (0.089) (0.083)
[<0.001] [0.042] [<0.001] [0.018] [0.017] [0.019]
Cost advantage of MB
(a) Land value 0.091""" 0.031 0.026™ 0.037" 0.049"
(0.022) (0.016) (0.009) (0.015) (0.017)
[<0.001] [0.060] [0.004] [0.018] [0.007]
(b) Ag. land value 0.014"
(0.004)
[0.003]
Benefit advantage of MB
(a) Flooding events 0.059 —0.000 0.019 -0.030 —0.040
(0.031) (0.027) (0.010) (0.027) (0.027)
[0.064] [0.897] [0.056] [0.282] [0.140]
(b) Wetland benefit 0.018
(0.017)
[0.304]
Additional covariates v v v
Year and region FEs v v v v v
Region District Sub-basin District District District
N 316 316 4529 316 316 316
R? adj. 0.464 0.668 0.442 0.686 0.682 0.685
Unit of observation: Development project
Dependent variable: I(MB chosen)
log(Available mitigation banks) 2.693"" 1.524™" 1.413" 1.546™" 1.541"" 1.573™"
(0.410) (0.152) (0.175) (0.160) (0.163) (0.166)
[<0.001] [<0.001] [0.005] [<0.001] [<0.001] [<0.001]
Cost advantage of MB
(a) Land value 1.310" 1.211° 13717 1.196 1.129
(0.112) (0.093) (0.097) (0.092) (0.079)
[0.002] [0.013] [<0.001] [0.020] [0.084]
(b) Ag. land value 1.000
(0.012)
[0.988]
Benefit advantage of MB
(a) Flooding events 0.985 0.973 0.954 0.957 0.924
(0.087) (0.062) (0.056) (0.059) (0.051)
[0.862] [0.668] [0.419] [0.471] [0.154]
(b) Wetland benefit 0.833"
(0.069)
[0.028]
Additional covariates v v v
Year and region FEs v v v v v
Region District Sub-basin District District District
N 23061 23057 18753 23056 23259 23056
R? pseudo adj. 0.121 0.286 0.325 0.298 0.298 0.300
* p < 0.05 ** p < 0.01, *** p < 0.001. OLS estimates in upper panel and exponentiated logit estimates in lower panel. Standard errors in

parentheses. P-values in square brackets. Standard errors clustered by the administrative districts of the compensatory mitigation program (N
= 36). Cost advantage of MB: Standardized mean difference between the impact sites and mitigation bank sites in terms of (a) land value
(Nolte, 2020) and (b) agricultural land value (USDA). Benefit advantage of MB: Standardized mean difference between mitigation bank sites
and impact sites in terms of (a) the number of recorded flooding events (Li et al., 2021) and (b) monetized wetland benefits (USD/acre,
(Taylor and Druckenmiller, 2022)). Additional covariates: Impact size, trend of developed land cover interacted with wetland area (USGS,
2022). Sample: Data on impacts to wetlands over 2012-2020 where compensatory mitigation was required and at least one mitigation bank
was available. Upper panel: Annual means over the administrative districts of the US Clean Water Act compensatory mitigation program or
sub-basin (Hydrological Unit Code 8-digit region) (Corps, 2020, 2022).

choice of method is responsive to the cost of restoration, supports the
notion that the regulator is mindful of achieving the economic goals of
the offsets policy.®! Nevertheless, the fact that flood control benefits are

31 An alternative channel for the observed effect of the number of banks as
a predictor of the choice of offset method may lie in lobbying activity by the
mitigation banking sector. When offsets support new or expanded commercial
markets, firms and trade associations can mobilize to defend those markets by
lobbying regulatory bodies. Although we are unaware of empirical studies di-
rectly examining lobbying by mitigation banking, the broader literature shows
that ‘green’ companies actively support environmental regulatory instruments
through lobbying and policy engagement (see, e.g., Grey (2018) and Béohler
et al. (2022)). Future research could test whether and to what extent the

12

absent from method selection suggests that cost-minimizing objectives
take precedence over environmental goals.

We emphasize that the observation that the choice of method is
independent of flood control benefits does not imply that benefits do
not influence regulatory decisions in general. The US wetland banking
program is an environmental market and thus created by regulation.
The regulator is responsible not only for deciding whether impacts
should be compensated on-site or through banking, but also for the
pre-approval of banks, the areas that they serve, and the credits that

number and size of wetland banks correlate with lobbying expenditures or
participation in rule-making processes.
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they generate for trade. Whereas the choice of compensation method
involves the ex-post decision of whether the offset should take place on-
or off-site (given impact and bank locations), the design of the market
(e.g., bank approval and service areas) is an ex-ante decision as to
whether future impacts will be adequately compensated at bank sites.
It is possible that regulatory decisions consider flood control benefits
at the approval stage and that regulators therefore relax their scrutiny
of benefits in downstream decisions.

Our data is at least consistent with this observation. We find a
positive correlation between the number of banks in a given market
and the average cost-benefit score of bank locations (see Fig. 3). This
score reflects the combined advantage of market-based offsets relative
to on-site compensation in terms of both lower costs and greater flood-
control benefits. The fact that higher cost-benefit scores are observed in
markets with more banks could indicate that regulators are more likely
to approve banks in locations where restoration efforts provide signif-
icant flood control benefits. On the other hand, the number of banks
and the cost-benefit score of their locations are likely influenced by
factors unrelated to regulatory approval (e.g., economic development
levels, agricultural productivity, and availability of land). Although
the regulatory determinants of market entry, bank-site selection, and
bank approval is beyond the scope of our analysis, it is nevertheless
an important area for future research. Specifically, on how market
design (e.g., service areas and trading ratios) influences the quantity
and quality of restoration in off-site locations, and thus the extent to
which offsets by banks internalize the cost of environmental losses.

Our work has a number of limitations. First, our analysis abstracts
from uncertainties related to restoration success and focuses on the
spatial characteristics of offset locations. This enables a consistent,
program-wide comparison of spatial trade-offs between prescriptive
and banking mechanisms but does not account for potential differences
in compliance, baseline ecological conditions, or restoration outcomes.
In practice, the effectiveness of an offset may differ depending on
its implementation details. Mitigation banks often operate at a large
scale, benefit from consolidated management, and are located in areas
with low exposure to human disturbances (e.g. NRC, 2001; Salzman
and Ruhl, 2005). In contrast, developer-led offsets near built environ-
ments face challenges related to land-use pressures, site fragmentation,
pollution exposure, and low compliance rates (e.g., GAO, 2005; zu Er-
mgassen et al., 2021; Rampling et al., 2024). In addition, mitigation
banks are typically established in advance of permitted impacts, re-
ducing failure risks and allowing the adequacy of the offset to be
known at the time of the trade. While these differences in restoration
success are not captured by our spatial proxies, they may represent an
important source of variation that could influence the effectiveness of
both prescriptive and banking mechanisms.

Theoretically, the uncertainty of restoration outcomes across alter-
native mechanisms implies that the evaluation of costs and benefits
should be made in expected terms. Although this modification would
not change the direction of our theoretical predictions, it could have
important implications for our empirical findings. If the probability
of success is not constant across on- and off-site locations, then our
relative measure of benefit would not reflect its true variation in
expected terms. On the other hand, if on-site compensation is sys-
tematically riskier than banking, then our findings would still apply,
with district-level fixed effects capturing regulators’ preference for
banking in general and their degree of risk aversion in particular.
Risk aversion could, in that instance, be one potential explanation
for the statistical insignificance of our benefit measure, as regulators
might favor the certainty of banking over higher, though riskier, on-
site benefits. This hypothesis is not without merit, as policy statements
frequently emphasize that the preference for banking is justified, be-
cause it “reduces some of the risks and uncertainties associated with
compensatory mitigation” (Corps and EPA, 2008). The extent to which
regulatory risk aversion impacts the performance of offset programs is
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one important avenue for future research, because risk aversion may
lead to the acceptance of lower but more predictable benefits at bank
sites.

Second, our analysis is limited to flood control values and does not
account for the value of other ecosystem services provided by wetlands,
such as water filtration, recreational opportunities, and species habitat
protection. Including these benefits could change the relative value
of on- versus off-site restoration and thereby affect the influence of
wetland benefits on regulatory decisions. For example, while on-site
restoration might provide greater flood control benefits, restoration at
bank sites might offer greater benefits in terms of habitat protection
when located in high-priority areas, such as species migration corridors
or adjacent to natural reserves. While deviating from the proximity
principle that often guides offset policies, spatially targeting restoration
in off-site locations may enhance both biodiversity and recreational
outcomes (Mancini et al., 2024). Policy guidelines explicitly recognize
these trade-offs, stating that “compensatory mitigation may be required
on-site to offset losses of water quality and flood storage functions,
while off-site compensation may be required to offset losses of habitat
functions” (Corps and EPA, 2008, p.19604). Although left unspecified
by the regulator which values are being prioritized to address spe-
cific impacts, it remains possible that wetland values other than flood
attenuation take precedence in regulatory determinations.

Finally, we adopt a streamlined approach for the assessment of
potential changes in flood risk at impact and offset sites. This is a
significant simplification, given the diverse and complex nature of
wetland impacts and restoration efforts. Permitted impacts requiring
compensation vary widely in type and magnitude. For instance, some
impacts may affect wetland vegetation, with minimal consequences for
broader hydrological dynamics. Similarly, the type of offset—whether
creation, enhancement, or preservation—may have different potential
outcomes in terms of flood control. These outcomes also depend on the
type and location of the wetland involved (e.g., forested or herbaceous),
which differ in their water absorption capacity. A comprehensive anal-
ysis would require a detailed, case-by-case examination of the precise
contribution of each impact and restoration effort to promoting or
relieving flood risk. While we do not delve into this level of detail,
we acknowledge that our approach simplifies the complex biophysical
relationships between flood control and wetland area lost and restored.

5. Conclusion

The choice of offset method under the US wetlands program is being
made, as intended, from a cost-minimizing perspective. The reduced
restoration costs at off-site locations and the cost-reduction effect of a
larger number of offset providers are both important determinants of
the increased adoption of banking. Our results show that regulatory
decisions leverage the cost-saving potential of banking-led offsets and
thus align with the principle of economic efficiency from market-based
approaches to environmental regulation.

However, as with any market involving the exchange of environ-
mental commodities, it falls on the regulator to ensure the quality of
what is being traded. Our analysis reveals that flood control benefits
do not factor into the choice of offset method. While bank sites are
associated with substantially lower restoration costs, they also exhibit
significantly lower flood control benefits when compared to impact
sites. Our results suggest that the current approach overlooks the flood-
control value of the more costly, although potentially more beneficial,
prescriptive approach of developer-led offsets at impact sites.

Our work raises two key concerns for policymakers who consider
adopting market-based offsets over on-site prescriptive approaches.
First, there is a risk of misalignment between impact sites and com-
pensation sites, which, in the case of flood attenuation, may result
in the relocation of ecosystem services away from areas where those
services are needed. And second, there is a risk of prioritizing the means
over the ends of offset policies, as the focus on cost savings might
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undermine the protection of environmental values. Both risks may lead
to inadequate compensation and thus compromise the effectiveness of
NNL policies.

To mitigate these risks, it is important that regulators integrate
environmental values into policy decisions. This remains a challenge,
as ecosystem service values are notoriously difficult to quantify. Regu-
lators often rely on crude proxies (e.g., land area) due to the complexity
of measuring ecosystem functions and their benefits. A comprehensive
valuation exercise requires two steps. First, an understanding of how
changes in ecological structure and function influence ecosystem ser-
vice flows; and second, the application of valuation methods to quantify
those changing flows. Both steps are data-intensive and methodologi-
cally complex, given the interconnected nature of ecosystem services
and the variability of their values over time and space.

These valuation challenges point to a broader issue in offset policy
design. Although many programs-including the US wetlands program—
adopt the goal of achieving NNL of ecosystem values, regulators often
leave unspecified which values should be maintained or the baseline
against which losses and gains should be measured (Maron et al., 2018;
Kujala et al., 2022). As a result, offset determinations rarely document
which functions and values were affected by development or how those
losses are being addressed through compensation. In the absence of a
clear link between authorized impacts, compensatory actions, and the
values that an offset is meant to preserve, it becomes impossible to
verify whether NNL is being achieved, either at the project level or
across broader spatial scales.

Although information on physical trade-offs and values will al-
most surely be incomplete, this should not prevent policy from being
based on more reliable indicators of environmental value. As this
study demonstrates, using one dimension of value to evaluate the
redistribution effects of an offsets scheme can provide insights to help
mitigate the externalities involved in decentralized policies. More-
over, advances in big data, remote sensing, and ecological modeling
now offer unprecedented opportunities to incorporate spatially explicit,
data-driven approaches into environmental policy (Runting et al., 2020;
Hoffmann, 2022). Leveraging these tools can help move beyond simple
cost-benefit metrics and toward policies that reflect true conservation
trade-offs. Failure to do so could undermine the effectiveness of en-
vironmental offsets, which—given the growing urgency of balancing
economic development with global conservation commitments—we
cannot afford to get wrong.
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