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a b s t r a c t
This paper describes and analyzes the risks associated with using mitigation banking for the conservation of wetlands in Florida in the United States. First, we attempt to identify and summarize the main ecological and socioeconomic risks regarding mitigation banking that have been discussed in previous studies. Then we analyze the
institutional responses adopted by US regulators to limit these risks. We have used empirical evidence including
interviews and data analysis to assess the effectiveness of these responses. Our main ﬁndings are that the recent
regulatory responses adopted to face risks associated with mitigation banking seem to be more effective than
what is often assumed. These responses are underpinned by the emergence of a hybrid mode of governance
that combines market characteristics and regulatory constraints, and which contributes to enforcing wetland
compensation in Florida. However, we also observed some risks inherent in this system, in particular the redistribution of ecosystem services, as the distance between impact sites and compensation sites seems to have increased in Florida in the last several years. In addition, the question is still pending regarding whether or not
No Net Loss of wetlands is really achieved through mitigation banking.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
In order to address current ecosystem losses, many countries legally
require that developers follow a mitigation hierarchy that includes steps
ﬁrst to avoid, then to reduce, and lastly to offset any impacts on natural
habitats. The aim of ecological offsetting is to allow development projects such as urbanization and infrastructure construction while ensuring No Net Loss of natural habitats through the ecological restoration of
equivalent degraded natural habitat elsewhere. Today offsetting is required in many policies worldwide (Wilkinson and Thompson, 2006;
Madsen et al., 2010; Maron et al., 2015). Wetlands have been subject
to this policy tool for 40 years, both in the United States and in Europe
(Hough and Robertson, 2009; Levrel et al., 2015; National Research
Council, 2001; Quétier et al., 2014).
In the US, the mode of governance of implementing wetland offsets
has signiﬁcantly changed in the last few years, moving from a mainly

⁎ Corresponding author.
E-mail address: harold.levrel@agroparistech.fr (H. Levrel).
1
Harold Levrel, Pierre Scemama and Anne-Charlotte Vaissière contributed equally to
this work.

http://dx.doi.org/10.1016/j.ecolecon.2016.12.025
0921-8009/© 2017 Elsevier B.V. All rights reserved.

permittee-based system to a mainly market-based system. The permittee system, known as Permittee-Responsible Mitigation (PRM), works
on a case-by-case basis and requires that a developer compensate a
project's impact on wetlands by restoring or enhancing a degraded natural wetland near the impacted area. In 2008, PRM represented 59% of
the compensatory measures in the US, while by 2014 it represented
37.5% (Madsen et al., 2011; Institute for Water Resources, 2015). Several
reports have shown that PRM lacks effectiveness in terms of ecological
outcomes and have highlighted the high rate of non-compliance
(Government Accountability Ofﬁce, 2005; National Research Council,
2001). Mitigation banking (MB), created during the 1990s in the US,
has been viewed as an innovative tool aimed at improving the efﬁcacy
of wetland offsets (Hough and Robertson, 2009). Essentially, MB involves a third party that anticipates the wetland offset needs of developers by carrying out large-scale restoration or enhancement of
natural areas prior to any impact; these are known as ‘mitigation
banks’. The regulator assigns ‘mitigation credits’ to mitigation banks
based on an assessment of the ecological gains made by the restoration
project. These credits can then be exchanged in a ‘service area’ deﬁned
by the biophysical boundaries of a water basin. When developers need
to compensate for an impact, they buy mitigation credits from the mitigation bank. In 2008, the Final Compensatory Mitigation Rule outlined

H. Levrel et al. / Ecological Economics 135 (2017) 136–149

the rules of the process in order to standardize the system at a national
scale (USACE and EPA, 2008). This Final Rule document gave a preference to MB, leading to an increase in the use of this governance system
from 35% in 2008 to 50% in 2014 (Madsen et al., 2011; Institute for
Water Resources, 2015). Another system of governance is In-Lieu Fee
(ILF) mitigation. This relies on a fund governed by a public agency or a
non-proﬁt organization. As with MB, the principle is to pool the offset
needs of several projects; however, unlike MB, the compensatory measures are realized after the impact, when enough money is raised to implement the ILF management plan. The efﬁcacy of ILF mitigation
remains less clear at this stage than MB, as it represented only 6% of
US compensatory measures in 2008 and 12.5% in 2014; it will not be
discussed in this article.
The theoretical advantages of MB compared to PRM (National
Research Council, 2001; Government Accountability Ofﬁce, 2005;
Hough and Robertson, 2009) are (1) better control by regulators of
fewer stakeholders responsible for the success of compensatory measures, (2) that large-scale ecological restorations have a better chance
of success than small, dispersed ones, and (3) that ecological gains
would occur prior to any impact, protecting wetlands from temporal
ecological losses, and ensuring that some ecological performance standards or milestones are met even if the offset project is not necessarily
completed.
However, as many recent publications have noted, MB also carries
risks. These risks are critical to assess in the context of the increasing development of MB in the US and the fact that this system is under discussion in Europe.2 We identiﬁed eight categories of risks associated with
MB that have been mentioned in studies:
• The risk of the privatization and commodiﬁcation of wetlands,
reﬂecting a neoliberal trend and a profound ethical change in conservation practices (Dauguet, 2015; Ives and Bekessy, 2015; Robertson,
2004; Spash, 2015).
• The risk of facilitating rather than limiting development projects
(Walker et al., 2009).
• The risk of the homogenization of wetlands induced by market forces
(Dauguet, 2015; Walker et al., 2009).
• The risk of the temporal loss of wetlands due to divergences in the
timescale of the return on investment for a private ﬁrm and the timescale of restoration projects and the release of credits (Robertson and
Hayden, 2008; Teresa, 2008).
• The risk of disconnection between impact sites and compensation
sites, leading to a change in land-sharing dynamics and to spatial redistribution of the social and economic beneﬁts delivered by wetlands
(BenDor et al., 2007; BenDor and Riggsbee, 2011; Ruhl and Salzman,
2006).
• The risk of a lack of long-term management and of bankruptcy
(Gardner, 2012; Gardner and Radwan, 2005; Robertson, 2008).
• The risk of reversing the ends and the means: protecting the market
rather than the environment (BenDor and Riggsbee, 2011; Gordon
et al., 2015; Walker et al., 2009).
• The risk of reversing the ends and the means: using the money generated by offsets to achieve previously agreed conservation targets
(Maron et al., 2015; BenDor and Riggsbee, 2011; Gordon et al., 2015;
Walker et al., 2009).
To our knowledge, few articles have attempted to provide an overview of the ecological and socio-economic risks of mitigation banking.
Two articles have discussed the strengths and weaknesses of MB
(Bekessy et al., 2010; Walker et al., 2009), but these were based on a review of the existing literature and on theoretical assumptions. Our study

2
Germany, for example, has used compensation pools since the early 2000s (Wende
et al., 2005). In France, a new biodiversity law voted in 2016 introduced habitat banking,
following the creation of several pilot banks.
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goes further in the analysis of these risks, using various sources of information such as quantitative analysis and interviews.
We conducted an institutional analysis of regulatory tools to determine their effectiveness in controlling the different types of risks
arising from MB, using interviews carried out in the US Army
Corps of Engineers (USACE) Jacksonville District (whose area of
responsibility encompasses the state of Florida), literature review,
data collection (from data available on US environmental institution
websites) and statistical analysis. This enabled us to distinguish between risks that are addressed by speciﬁc regulatory responses and
risks that remain to be addressed. We also found that some of the
risks cited in previous articles concern the very principle of offsetting
rather than MB per se, even if the study intended to speciﬁcally address
mitigation banking.
The article is organized as follows. Section 2 presents the materials
and methods used in this study. Section 3 presents the results and discusses the eight categories of risks mentioned above, the regulatory solutions adopted to limit these risks, and the effectiveness of these
measures. The ﬁnal section concludes by outlining the remaining risks
of MB that should be taken into account.
2. Material and Methods
This study is based on a review of existing literature, quantitative
analysis, and interviews carried out in Florida (the USACE Jacksonville
District). The quantitative analysis was carried out using various information sources. The ﬁrst was data from the Regulatory In-Lieu Fee and
Bank Information Tracking System (RIBITS, 2016), a publicly available
database that includes several kinds of information on the mitigation
banks in a given area, such as the number of transactions, the credit classiﬁcations used, the bank type, and the number of credits released and
sold. This data was extracted for treatment in July of 2016. We also
used data from the National Land Cover Database (Fry et al., 2011;
NLCD, 2011) on changes in land cover for the years 2001, 2006 and
2011, which enabled us to assess the surface areas of wetlands and urbanized areas and how these have evolved in Florida. Another source
of data was USACE's ORM Permit Decisions database (USACE, 2016),
which details all the permit requests for wetland impacts, and from
which we extracted data between 2008 and 2016. Spatial analysis was
carried out with the ArcGIS tool. Statistical analyses were carried out
using Microsoft Excel. The main goal of this data collection was to obtain
a broad picture of the situation regarding mitigation banking in the US.
Combining the data from the RIBITS and ORM databases for the Jacksonville District, we calculated the mean distance between the centroids of
active and inactive (sold-out) mitigation banks and their associated impacts for the 2008–2016 period. We also sought to provide a quantitative description of the MB system in the Jacksonville District in order
to compare this district with the rest of the US.
The collected data was complemented by interviews carried out in
Florida in 2013. We conducted 54 face-to-face semi-structured interviews in visits to 20 mitigation banks, collecting information on 71 of
the 91 approved or pending banks in the Jacksonville District at the
time the interviews were held (see Appendix A). All categories of MB
stakeholders were interviewed: environmental consultants (n = 20),
landowners, managers/operators of mitigation banks (n = 28),
regulators3 (n = 7), brokers of mitigation credits (n = 4) and other professions (e.g. lawyers, academics, NGOs, developers/bank clients n = 6).
One individual could hold several roles. For instance, an environmental
consultant might be hired as a mitigation bank manager. The main goal

3
These included regulators from the Florida Department of Environmental Protection
(FDEP), the permitting team and the mitigation banking team of the United States Army
Corps of Engineers (USACE) Jacksonville District, the South Florida Ecological Services Ofﬁce of the United States Fish and Wildlife Service (USFWS), several Water Management
Districts (WMD) and several counties.
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of these interviews was to obtain a complete picture of the system and
how it works in a speciﬁc context and while in operation. The interview
outline on which we based our discussion with respondents is provided
in Appendix B.
To determine whether the RIBITS database was reliable enough to
support an analysis of mitigation banks, we compared the data collected
during our interviews with data extracted from the RIBITS database. The
database for the Jacksonville District can be considered homogeneous,
since a single USACE agent was responsible for maintaining the database for wetlands banks (at least until 2013). The interviewees validated the number of transactions and credits sold, suggesting that these
indicators were sound. However, interviewees reported that the types
of conservation action mentioned for their bank (e.g. preservation, restoration or rehabilitation) were not always correct, mainly because each
bank encompasses multiple types of actions, while the database mentions only the main action carried out. We also noted that the RIBITS information on the type of bank was sometimes incorrect: out of 60 banks
in the district indicated as ‘private–commercial’, at least 11 were in reality a ‘public–private partnership’ or ‘public–commercial’ banks. Nonetheless, 74% of respondents said that the database is useful in terms of
the transparency of the regulation system. We considered that the quality of the RIBITS database for the Jacksonville District was good enough
to conduct our analysis.

3. Results and Discussion
Table 1 summarizes our main ﬁndings, which are discussed in detail
this section.

3.1. Does Mitigation Banking Lead to the Privatization and Commodiﬁcation of Wetlands and a Move toward a Utilitarian Ethic?
It is often claimed that MB leads to the privatization and commodiﬁcation of natural habitats (Dauguet, 2015; Ives and Bekessy, 2015;
Robertson, 2004). An investigation of what has occurred in reality demonstrates that there are at least three reasons why MB is not a source of
privatization of a public good. The ﬁrst is that the land on which the impact and the compensation occur is often already private. Second, public
agencies can buy private land to create mitigation banks and sell mitigation credits (Table 2). Third, the creation of a mitigation bank requires
adopting a conservation easement on the land acquired for compensation. This easement removes, in perpetuity, the right of the private
owner to develop the land and applies to the current and any future
owner. The result is that the property rights largely move into the public
domain.
Concerning commodiﬁcation, many mitigation banks in Florida have
been created on land already commodiﬁed, such as agricultural land devoted to cattle farming or silviculture. The ecological lift provided by the
restoration actions represents the ‘mitigation credit’, not the restored
habitat itself. Commodiﬁcation of wetlands occurs when compensation
credits are gained by preserving lands that are already dedicated to wetland protection. Moreover, MB conservation actions are aimed at the acquisition and protection of threatened private land that would have
been damaged without human intervention.
Some recent articles have shown that MB is a hybrid regulation system that combines market and regulatory characteristics (Vaissière and
Levrel, 2015; Fig. 1), and not a conventional market as is often claimed
(Bayon and Jenkins, 2010; Walker et al., 2009; Spash, 2015). MB is

Table 1
Summary of the potential risks of mitigation banking, the regulatory responses to these risks, and the efﬁcacy of these responses.
Risks

Regulatory responses

Effectiveness of the response

Privatization, commodiﬁcation of nature
and a move toward a utilitarian ethic

Conservation easement
Compensation mostly restricted to private lands where former
production was oriented toward market goals
In Florida, mitigation banks cannot be created on public land
already purchased for conservation reasons
Compensation occurs at the end of the mitigation process

Private rights move into the public sphere since the owner of
the land is deprived of the right to use it
Commodiﬁcation of an ecological lift rather than of nature itself
Hybrid system more than a strictly market-oriented system
Utilitarian ethic behind offsetting is questionable
No evidence of an increase in authorization for impacts on
wetlands as measured by changes in the ratio of agreements to
the total authorization demands
Evidence that the goal of No Net Loss (in surface area) is not
achieved through MB
69% of compensation credits in MB are based on restoration
actions (42% in PRM) (source: RIBITS)
98% of the legal ecological performance requirements are reached
No evidence that ‘real’ ecological performance is reached

Facilitation of development projects with
impacts on wetlands

Increase in ecological requirements
Homogenization of wetlands due to
market forces

Temporal loss of wetlands

Spatial disconnection of impact and
compensation sites
Replacement of previously agreed
conservation policies
A simple right to destroy

Risk of a lack of long-term management
or of bankruptcy

Priority given to restoration actions
Diversiﬁcation of credit classiﬁcations
A given type of credit can only be exchanged within the service
area of the mitigation bank
Credits are released for sale in 4 to 5 stages in which ecological
objectives are monitored
Monitoring for at least 5 years
The market size for one bank is limited to a service area
corresponding to a sub-basin watershed
In Florida, private–public agreements to create mitigation
banks are not allowed if the land has already been acquired by
public agencies for a conservation purpose
The right to destroy is constrained by a strong regulatory policy
Institutional innovation to create a high-quality market (high
level of enforcement, harmonization of the method of
calculation, open-access database on credit transactions and
credit descriptions with RIBITS, etc.)

Conservation easement
Requirement for insurance and a long-term management fund

In Florida, the 12 mitigation banks that have had all their credits
released received them in 8.8 years on average
The number of credits sold is lower than the number of credits
released over a period of 20 years (net ecological gain)
Mean distance between the compensation site and the impact
site is 37.3 km in Florida (this distance is increasing in Florida)
The majority of mitigation banks are created on private land
with private funds
Decreasing loss of wetlands at the national scale
(16,000 ha/year now vs. 135,000 ha/year in the 1980s), but still
a net loss
No increase in authorizations for impacts on wetlands
Decrease in the surface area of wetlands in the service areas
during the survey period
Increase in the price of compensation credits tends to
discourage destruction and encourages developers to avoid and
reduce impacts before compensation; the creation of a
mitigation bank may even change the status of the private land
(from an urbanization to an environmental trajectory)
Some evidence that the insurance and long-term funds work well
Some evidence that the long-term management funds are
insufﬁcient
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Table 2
The different types of wetland mitigation banks in the US.
Type of mitigation bank

Number of banks

Single-client
Combination public/private
Private non proﬁt
Public commercial
Private commercial
Total

304
23
19
87
979
1412

Source: RIBITS (2016).

primarily a tool for implementing public environmental policy based on
environmental standards (the No Net Loss principle). The market is far
from free – it is a regulated market in which the regulator plays a key
role by validating each transaction in a speciﬁc territory (the service
area) and ‘shaping’ the demand based on ecological criteria. It is impossible to develop a derivative market from the offset credits created by
investing in a mitigation bank project. Compensation credits can be purchased only by a developer and only for the impact of a project in the
context of a permit application. It is not possible for speculation to
occur in this context.
However, even if offsetting is based on a publicly regulated permit
system, some authors argue that this system leads to the transformation
of natural habitats into commodities by the simple possibility of substitution (Dauguet, 2015; Walker et al., 2009). These authors assert that
this represents a move from conservation ethics toward utilitarian
ethics in conservation practices (Ives and Bekessy, 2015). This point is
questionable, as it seems based on confusing ‘equivalency’, ‘commensuration’ and ‘commodiﬁcation’. Commensuration and equivalency
(fungibility) are a prior condition for commodifying some natural entities, but they are not identical to commodiﬁcation per se. Commodiﬁcation is intrinsically associated with the capitalist system, while many
non-capitalist societies have considered natural entities as equivalent
and subject to exchange (i.e. fungible). For instance, see the examples
of a ‘gift-exchange economy’ described by Marcel Mauss decades ago
(Mauss, 1924). Moreover, some authors confuse commodiﬁcation
and marketization (the creation of a ‘real’ market) as underlined
by Noel Castree (2008, 2010). This confusion has been used to demonstrate that markets regarding ecosystems are now increasing, in order
to support (Bayon and Jenkins, 2010) or to criticize this trend (Spash,
2015).
Taking these points into consideration, the idea that MB results in
the privatization and commodiﬁcation of wetlands seems to be a theoretical view not supported by empirical evidence. As we have
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demonstrated, MB is a largely hybrid and highly regulated system, yet
it is still sometimes perceived as a form of ‘nature commodiﬁcation’.
This commodiﬁcation may be symbolic—implied by the use of terms
and concepts such as ‘banks’, ‘credits’ and ‘markets’. This use of ‘market
language’ suggests commodiﬁcation, and can reﬂect a wish to contrast
the private and public sector to demonstrate that markets are more
(or less) effective than public regulation in implementing environmental policy, and to discredit (or reinforce) public institutions in comparison with private institutions. The private MB lobby, the National
Mitigation Banking Association (NMBA), and other supporters of MB
voluntarily adopt this strategy in some political contexts (BenDor et
al., 2015). Some authors argue that because certain political ideologies
may be more likely to support ‘market-based’ approaches to environmental conservation as opposed to ‘regulatory’ or ‘command-and-control’ approaches, MB risks being a source of symbolic manipulation
that should not be underestimated, especially for ethical reasons (Ives
and Bekessy, 2015).
Yet even from an ethical point of view, whether or not wetland offsetting is inspired by utilitarian philosophy is an open question. Of
course, offsetting is intrinsically linked to the concepts of equivalency
and substitution. However, the principle of environmental offsetting
reﬂects a move from welfare equivalency (a utilitarian approach
with weak sustainability criteria) toward ecological equivalency
(an ecological approach with strong sustainability criteria) (Pearce
and Atkinson, 1993; Ekins, 2003; Vaissière et al., in press). To understand this historical change, it is important to remember that the compensation principle was initially considered from the perspective of
‘social welfare’ (corresponding to a given area's maximum utility for a
targeted population), legitimizing the destruction of some natural elements (natural capital) when these were outweighed by the economic
growth resulting from an increase in physical capital. This was based
on the Kaldor-Hicks efﬁciency criterion (Hicks, 1939; Kaldor, 1939).
Applied to projects impacting wetlands, this led to the position that
a natural ecosystem was substitutable with physical capital once it
created economic wealth, and that it was possible to compensate people
affected by these impacts. Indeed, this compensation principle focused
solely on impacts on people. Monetary compensation for economic
(or well-being) losses arising from the destruction of natural areas
was the most common form of compensation during the last two
centuries (Fressoz, 2013). So the contemporary concept of environmental compensation, which requires that any impact on wetlands
must be compensated in biophysical units, can be considered as a
move away from utilitarian philosophy and toward a conservationist
philosophy.

Fig. 1. Wetland mitigation banking as a hybrid organizational form.
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3.2. Does Mitigation Banking Facilitate Development Projects?
The risk of facilitating development projects is linked, ﬁrst of all, to
the very principle of offsetting. It could be considered that the use of
MB further facilitates the offsetting procedure for developers, since it
may be easier to buy credits than to ﬁnd land available for restoration
close to an impact site in order to carry out a restoration project
(Walker et al., 2009). Some argue that MB could additionally encourage
developers to compensate for their impacts rather than avoiding and reducing these in the ﬁrst place. We will not discuss the compensation
principle here, but focus on the speciﬁc risks associated with MB.
The concern that MB might facilitate the offsetting procedure is not
supported by the data. It is true that the number of compensation measures carried out through mitigation banks has increased in recent
years: they are a new offset solution, and regulators gave preference
to mitigation banks in the 2008 Final Rule (Fig. 2). In 2008, the proportional breakdown of the different types of compensation methods was:
35% for MB, 59% for PRM, and 6% for ILF (Madsen et al., 2011). In 2014,
the proportions were 50% for MB, 37.5% for PRM, and 12.5% for ILF
(Institute for Water Resources, 2015).
However, the number of development permits did not rise between
2008 and 2015, and the rate of refusal did not signiﬁcantly change (2.6%
in 2009; 2.4% in 2010; 1.2% in 2011; 1.8% in 2012; 1.6% in 2013; 1.4% in
2014; 1.2% in 2015; Fig. 3). So it seems the MB does not facilitate the offsetting procedure and the development projects.
In terms of the risk of MB undermining the avoidance and reduction
steps of the mitigation hierarchy, this is complex to assess. These steps
are the result of speciﬁc negotiations between local regulators and developers, making it difﬁcult to generalize about them; the question of
their effectiveness is more closely linked to the broader compensation
principle than speciﬁcally to MB. However, we can safely assume that
if avoidance and reduction steps had been replaced by compensation
actions, the demand for development permits would have increased;
but as mentioned above, this does not seem to be the case.
In addition, it can be assumed that the cost of compensation serves
as an incentive to avoid and reduce impacts as much as possible in
order to save money. For example, the price of mitigation bank credits
in New Jersey is around USD $400,000 per credit (1 credit corresponds
to a mean of 1.6 ha) and between USD $25,000–$200,000 per credit
(1 credit corresponds to a mean of 1.3 ha) in Florida (Hassan et al.,
2015, p. 158).
However, if we look at the ﬁnal outcomes in terms of the surface area
of wetland loss in Florida, our initial results need to be qualiﬁed. In
Florida, between 2001 and 2011, MB restored 58,575 ha. However, the
decrease in wetlands over this period was 5600 ha per year, corresponding to a loss of 1.05% of the wetlands in this state (from the surface
area of wetlands in 2001). On the national scale, Dahl (2011) estimated
a decrease in wetlands of 16,000 ha per year between 2004 and 2009.

Fig. 2. Number of released credits, sold credits and wetland mitigation banks (RIBITS,
2016).

Fig. 3. Number of wetland destruction permits accepted and refused from 2009 to 2015
(USACE, 2016).

These authors considered this a positive trend compared to the estimated decrease of 134,000 ha per year between 1974 and 1984 (Dahl,
2011). They put forward that this positive trend is the result of recent
environmental policies regarding wetland protection, including mitigation policies. Nevertheless, wetland losses are still far from the goal of
No Net Loss.
To speciﬁcally investigate the role of MB in wetlands lost to development, it is essential to know if the loss in MB service areas is more or less
than in other areas (61% of the surface area of Florida is covered by a
service area where one or several mitigation banks are active). In
these service areas, the estimated total loss of wetlands between 2001
and 2011 was 4700 ha per year, i.e. 1.26% of the wetlands (from the surface area of these service areas in 2001). These numbers seem to indicate that wetland destruction is higher in mitigation bank service
areas—sites where compensation should theoretically be more effective
and closer to No Net Loss. This may be because the mitigation banks are
located where the rate of wetland destruction is higher. Indeed, the evolution of urban coverage between 2001 and 2011 is 13,000 ha in Florida
(+6.41%) and 11,200 ha in service areas alone (+7.04%). Nonetheless,
the evidence seems to point to the fact that the No Net Loss goal is less
respected in areas where MB is operating than elsewhere, though it is
difﬁcult to draw a deﬁnitive conclusion regarding the role of MB. Scientiﬁc studies and national monitoring are still insufﬁcient for a thorough
discussion on the achievement of the goal of No Net Loss of wetlands
and the respective roles of the compensation options (MB, PRM and
ILF). As PRM and ILF are also used within the perimeter of service
areas, it is difﬁcult to isolate the role of MB in the net evolution of wetland surface area. Another obstacle is that the studied period of time includes pre-2008 data (before the widespread implementation of MB
following the adoption of the Final Rule) and stops in 2011, which is a
bit soon to measure any effects due to institutional resiliency. Few mitigation banks existed at the beginning of the study period – most were
created near the end of the period. Lastly, it should theoretically be possible to have No Net Loss in terms of ecological function even with a net
loss of surface area; however, this would result in a surface ratio lower
than 1:1, which is not very convincing for a goal of No Net Loss, especially if retaining at least the same surface area is considered necessary for
maintaining the habitat of speciﬁc species.
Another source of concern is that a recent work questions the validity of wetland reporting carried out at the national scale, such as that
used in the study by Dahl (2011). It seems that the methods used to assess the ecological gains resulting from wetland restoration projects
lead to a signiﬁcant overestimation of these gains (Grifﬁn and Dahl,
2016). In their recent study, the authors state that the actual
reestablished wetland area in the state of Wisconsin was 61% less than
what was estimated in ofﬁcial reports. This inaccuracy is also likely to
be true for Florida.
The main conclusion at this stage is that MB does not seem to facilitate development projects, but the question of whether or not it
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increases the likelihood of reaching the goal of No Net Loss of wetlands
is still pending.
3.3. Does Mitigation Banking Risk Homogenizing Wetlands through Market
Mechanisms?
3.3.1. Ecological Risk
To make transactions easier, markets need to exchange the simplest
and most homogeneous units possible. This is a basic rule so supply and
demand can be matched. The more complex and diverse the units of exchange, the more they act as a source of constraint for the market
(Vaissière and Levrel, 2015; Scemama and Levrel, 2014). Within the
context of MB, numerous types of wetland mitigation credits would decrease the possibility of ﬁnding matches between the developer, who
must ﬁnd a type of credit corresponding to the impact to be compensated, and the mitigation bank, which must sell a type of credit that has
been released for the restoration of speciﬁc wetlands. One strategy of
stakeholders might be to broaden ecological equivalence in order to increase market size. For instance, the purchase of palustrine emergent
credits might be permitted to compensate for impacts on estuaries.
Such a dynamic could lead to a severe reduction in the complexity
and diversity of aquatic ecosystems (Dauguet, 2015; Walker et al.,
2009).
3.3.2. Regulatory Responses
In the US, the USACE has adopted several methods to limit the effects
of such homogenizing strategies. First, this regulator has created different types of credits, each corresponding to a speciﬁc market. For example, in Florida, the USACE uses 8 types of credit classiﬁcations for
wetlands: the most common types are estuarine, palustrine, palustrine
emergent and palustrine forested, less common are palustrine scrub/
shrub, palustrine open water, estuarine intertidal emergent and estuarine
intertidal forested. The USACE also requires that mitigation credits be exchanged within the service area of the mitigation bank that sells them
(see Section 3.5). For instance, a developer impacting estuarine habitats
in the Everglades (southern Florida) would not be allowed to buy estuarine credits from a mitigation bank in the Panhandle (northwestern
Florida).
In addition, regulators have developed standardized methods for
calculating mitigation credits. Based on ecological function, these
methods allow a more objective comparison of the ecological losses
from impacts with the ecological gains from restoration actions. The
credits are thus linked to the actual ecological lift and harm. To reach
ecological equivalence, the same method must be used to calculate
both the mitigation credits that must be bought, and the credits released
to the mitigation bank. For example, in Florida, local regulators developed the Uniform Mitigation Assessment Method (UMAM), which has
gradually become the most commonly used calculation method both
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by the Florida Department of Environmental Protection (FDEP) and
the USACE. Although it is not mandatory, mitigation bankers now prefer
to use this method as the demand for credits is typically expressed in
UMAM credits. The UMAM evaluates ecological function using several
types of indicators: ecological community structure, hydrologic connection, ecosystem uniqueness, location, ﬁsh and wildlife utilization, time
lag, and mitigation risk.
3.3.3. Efﬁcacy of Regulatory Responses
At the national scale, it appears that the number of credit types has
greatly increased (Fig. 4). This can be considered as a proxy for the
way the diversity of wetlands is taken into account in the calculation
of equivalencies. With regard to this indicator, there is no evidence
that the development of MB (Fig. 2) leads to homogenization in the
types of wetland credits (Fig. 4).
In addition, priority is given to restoration actions (the best way for
offsetting impacts). Indeed, 69% of compensation credits in MB are
based on restoration actions (42% in PRM) (Table 3)
To further explore the issue of homogenization, it is important to
look at the quality of the restored wetlands in mitigation banks. A ﬁrst
point in favor of MB is the size of the projects. In a recent ambitious review of wetland restoration projects, Moreno-Mateos et al. (2012)
highlighted that the size of a restoration project is one of the most important criteria in the success of a wetland restoration action, concluding that for surface areas of more than 100 ha, the chance of success
was around 100%. The main characteristic of mitigation banks is specifically to pool together small compensation projects to create massive
restoration actions. In the US, the average size of a mitigation bank is
195 ha—41% have more than 100 ha (RIBITS, 2016). This is one of the
major strengths of MB, which results in the creation of larger restoration
projects than PRM. In Florida, the mean size of a mitigation bank in 2013
was 800 ha (ranging from 23 to 9800 ha).
Regarding ecological performance as deﬁned by the US Government,
the results of MB appear to be good. According to a recent study, 98.7%
of mitigation banks comply with the government's ecological performance criteria (Denisoff and Urban, 2012). However, this rate may be
based on benchmarks that are insufﬁcient from an ecological point of
view, which would imply that a deﬁnition of No Net Loss would be
questionable.
Unfortunately, if we want to go further in assessing the ecological
performance of MB, ecological monitoring is often missing. Very few
studies have done an in-depth ecological analysis of mitigation banks
based on ﬁeldwork. One that has often been cited to argue that MB
leads to deterioration in the quality of wetlands was a study by Mack
and Micacchion (2006) (Murphy et al., 2009; Walker et al., 2009). This
remains the only exhaustive analysis regarding the monitoring of mitigation banks (in this case 12 mitigation banks in Ohio). It found that 25%
of the area managed by mitigation banks could not be considered as

Fig. 4. Number of types of credit classiﬁcation and of methods of assessment (RIBITS, 2016).
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Table 3
Types of compensation actions implemented by wetland mitigation banks in
the US.
Compensation action

Number of banks

Unspeciﬁed
Speciﬁed
Preservation
Preservation of buffer zone
Enhancement
Rehabilitation
Re-establishment
Creation

206
1180
93
22
164
160
642
99

Source: RIBITS (2016).

wetlands. Of the 75% of the MB area that could be considered wetlands,
18% were of good quality, 58% were of moderate quality, and 24% were
of low quality. The seeming conclusion is that these mitigation banks
failed to restore wetlands. However, one important limitation of this
study is that it does not consider the age of the mitigation banks. As
mentioned in several studies by Robertson and Hayden (2008), it
takes at least four years for a mitigation bank to meet its ecological potential. Moreover, it takes 10–20 years to observe the full ecological response of wetlands to restoration actions (Jones and Schmitz, 2009),
and even longer for some speciﬁc ecological functions (MorenoMateos et al., 2012). Of the 12 banks that Mack and Micacchion evaluated, 6 were less than 4 years old and had not yet received all their credits
corresponding to ecological outputs (see next section). So the ﬁndings
of these authors can be considered incomplete since the study was carried out before the end of the restoration process and the release of
the corresponding credits. This assumption is strengthened by the
work of Spieles et al. (2006), who monitored the two oldest mitigation
banks (created in 1993 and 1994) studied in the Mack and Micacchion
sample. Their study showed a high degree of similarity between these
two mitigation banks and natural wetlands. One clear conclusion from
these works is that it takes time to see the results of restoration in a mitigation bank. Furthermore, these studies were carried out 10 years ago,
and the context has changed since the publication of the Final Rule in
2008.
3.4. Does Mitigation Banking Cause Temporal Loss of Wetlands?
3.4.1. Ecological Risk
The management plan of a mitigation bank involves the implementation of ecological restoration measures, but many years are required
to achieve the ecological goals and hence to be allowed to sell mitigation
credits. This is not compatible with the timescale for return on investment that private ﬁrms expect. In other words, for a project to be economically viable, a mitigation banker wants to minimize the duration
between its initial investment to the selling of the ﬁrst credits. This is
why a mitigation bank has some mitigation credits released by the
regulators prior to any ecological lift. This makes sense from an economic point of view, but could lead to a temporal loss of wetlands
(Robertson and Hayden, 2008).

and the creation of an insurance fund and a long-term management
fund.
• Works and planting credits are released when monitoring has revealed that the required hydrological work and planting have been
carried out.
• Ecological success credits are gradually released when ecological success criteria (e.g. the restoration of the native plant population or of
certain levels of abundance and richness of local species as well as ﬂoristic quality indices) are reached.
If one of these stages is not completed, the credits are not released,
nor are those of the subsequent stages. Moreover, the released credits
may be ‘frozen’, which means they cannot be sold until the mitigation
banker has remedied the situation. Each state or district may adapt
this schedule to local conditions; in addition, each schedule is adapted
to the speciﬁc mitigation bank (BenDor et al., 2011).
In the US, ecological monitoring of the site must take place for at
least 5 years (Final Rule, Section 230.96) and must be adapted to the
speciﬁc wetland dynamics. After 5 years, certain basic indicators must
be met: 85% survival rate for target species, less than 15% of invasive
species, etc.
3.4.3. Efﬁcacy of Regulatory Responses
The 71 approved wetland mitigation banks of the Jacksonville District have had 65% of their credits released on average (RIBITS, 2015).
Fig. 5 shows the distribution of percentages of released mitigation
credits in the Jacksonville District. More than one-third of mitigation
banks in Florida have had more than 80% of mitigation credits released.
These are in their ﬁnal stage, waiting for their ecological success credits
to be released.
The 12 mitigation banks that have had all their credits released received them in 8.8 years on average (ranging from 2.3 years to
13.7 years, SD = 3.4). Of these, the 5 mitigation banks for which full information on each credit release stage is available, the full release of
credits was reached in 8.2 years on average (ranging from 4.5 to
10 years, SD = 2.2); the distribution is detailed in Table 4.
BenDor et al. (2011) found that in the US as a whole, the average released administrative credits for wetland mitigation (without ecological
results) was 36.7%. In Florida it is around 26%.
Given that the timescale of ecological response to wetland restoration is between 10 and 20 years (Jones and Schmitz, 2009;
Moreno-Mateos et al., 2012), while the release of wetland credits can
take between 5 and 15 years (8.8 years in Florida) depending on the district (Robertson and Hayden, 2008; BenDor et al., 2011), the risk of temporal loss is a real concern on a case-by-case basis. However, Fig. 2 also
shows that the number of released credits is always higher than the
number of sold credits, suggesting that there can be—at least as regards

3.4.2. Regulatory Responses
The temporal trade-off between the economic viability and the
ecological efﬁcacy of MB works as follows. First, the adoption of conservation easements serves to ensure a long-term approach to the compensation project. Second, the credit release schedule enables the
regulator to control both the risk of temporal loss and the quality of
the restoration work by the mitigation bank. A mitigation banker
never receives all the potential credits at the outset. The credits are usually released in three main stages:
• Administrative credits are released after the acquisition of the compensation site, the adoption of a conservation easement, the approval
of the restoration management plan by several government agencies,

Fig. 5. Distribution of mitigation banks per category of the percentage of released
mitigation credits (RIBITS, 2015).
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Table 4
Distribution of credits according to the main stages of the credit release schedule in Florida.

% of the total potential credits

Number of years to reach the full release of credits
for each stage of the credit release schedule

Administrative credits

Works and planting credits

Success credits

26%
[min = 13;
max = 60]
SD = 20
1.6 years
[min = 0; max = 6.1]
SD = 2.5

37%
[min = 10; max = 67]
SD = 27

37%
[min = 10; max = 70]
SD = 25

2.2 years
[min = 0; max = 4.1]
SD = 1.7

4.4 years
[min = 1.3;
max = 9.3]
SD = 3

surface area—some temporal gains of wetlands through MB as a whole.
The ﬁnal net effect is difﬁcult to assess. But during the most recent period of our study (2008–2013), it seems clear that more than one-third of
the released credits have not been sold. This approximates the rate of released administrative credits (without ecological gains).
3.5. Does Mitigation Banking Promote Disconnection between the Impact
Site and the Restoration Site?
3.5.1. Ecological and Social Risks
One of the main concerns about wetland mitigation banks is that
they might result in ecological restoration in remote sites, far from the
impacts they are meant to compensate, thus reﬂecting a spatial substitution of aquatic ecosystems (Ruhl and Salzman, 2006). This is due to
the fact that mitigation banks would be encouraged to make investments where the cost of land is low, leading to a concentration of impacts in urban areas and a concentration of compensation in rural
areas, a phenomenon known as ‘land sparing’ and resulting in a clear
separation between conservation-based zones and production-oriented
zones. This spatial specialization poses the risk of creating a green belt
away from cities, an outcome that raises ethical and social issues
concerning access to ecosystem services (BenDor et al., 2007; BenDor
and Riggsbee, 2011; Ruhl and Salzman, 2006).
3.5.2. Regulatory Responses
The risk of increasing the distance between the impact site and the
compensation site is taken into account through the creation of service
areas that correspond to the size of the market in which offset credits
can be exchanged (BenDor et al., 2011; Robertson and Hayden, 2008;
Vaissière and Levrel, 2015). In the US, a wetland service area is usually
deﬁned on a sub-watershed basis, corresponding to approximately
1800 km2 (Hydrologic Unit Code 8). However, each district has autonomy regarding the deﬁnition of these service areas, and the regulator can
add administrative, demographic or economic constraints to these
boundaries. In any case, the mitigation bank site must be located in a
place where connectivity with natural wetlands has been demonstrated, which means that the restoration project cannot be completely isolated from these. The regulator uses a system of compensatory ratios to
modulate the calculation of equivalence and of offset credits based on
other criteria in order to drive investment in wetland restoration projects toward the places where ecological threats are most signiﬁcant.
Another tool created by the USACE is the online database RIBITS,
which allows anyone to locate the mitigation banks. By correlating
this database with the ORM Permit Decision Database, it is possible to
geo-locate impact and compensation sites. This shows the distance between the mitigation banks and the impacts for which their credits
could be used, enabling environmental NGOs to quickly assess the ecological coherence between the impacted zone and the restored zone on
a case-by-case basis.
3.5.3. Efﬁcacy of Regulatory Responses
Mitigation banking is necessarily an ‘off-site system’ since it is based
on the principle of pooling together small compensation sites that are
usually ‘on-site’ in PRM. As a result, spatial disconnection is always

higher with MB than with PRM. However, one large restoration project
has a better chance of success than a multitude of small ones (MorenoMateos et al., 2012). Thus, there is a trade-off between the chance of
success and the spatial disconnection induced by MB.
In the US, the mean size of a service area is around 1500 km2
(BenDor et al., 2011). In Florida, the mean size is around 3800 km2
(RIBITS, 2016). Service areas in Florida have a larger mean surface area
because the topography in southern Florida is very ﬂat. As mentioned
above, mitigation banks themselves are also bigger in Florida. The map
of the service areas and mitigation banks we studied in 2013 (Fig. 6)
shows that regulators voluntarily decreased the size of some service
areas in southern Florida in order to avoid too much distance between
impact and restoration sites.
Concerning distances between the site of impact and the site of compensation, Ruhl and Salzman (2006) have shown that in Florida, impacts
tend to be located in urban areas, while compensation sites tend to be
located in rural areas, with migration of wetland resources to less densely populated areas. That shift was apparent for 19 of the 24 banks in their
study. However, BenDor et al. (2007) found that this relocation of wetlands away from urban areas also occurred for ILF and PRM off-site projects. Maps locating the ecological gains associated with mitigation
banks and the loss of wetlands associated with impacts seem to suggest
that MB does not generate a concentration of impacts in urban areas and
of restoration in the countryside (BenDor and Stewart, 2011).
For the 2008–2016 study period in the Jacksonville District, based
on the information available for 54 banks and representing 437 transactions (i.e. sales of credits for all or part of an impact), the average distance

Fig. 6. Map of the mitigation banks and their service areas studied in 2013 in the district of
Jacksonville. Source: Shapes of the mitigation banks and their service areas available on
the Florida Department of Environmental Protection website (FDEP, 2014).
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between a bank and its associated impacts was 37.3 km (SD = 26.6 km)
with a median of 30.9 km (ranging from 1.8 km to 221.7 km).
The interviews we carried out in Florida revealed that the choice of
land by mitigation banks was not only guided by the price of the land,
but also by a variety of other criteria. These included the potential ecological lift resulting from the restoration project; the size of the site; and
the location (e.g. near an area of urban expansion or within a service
area where there are no other banks, i.e. where mitigation bankers beneﬁt from a monopoly) (BenDor and Riggsbee, 2011; Robertson, 2008;
Vaissière and Levrel, 2015). The interviews also revealed that in certain
situations, and contrary to what is often assumed, mitigation bankers
and developers compete for land. The added value generated by mitigation banks in urban areas can be higher than that of other development
projects.
According to Ruhl and Salzman (2006), the mean distance between
the impact and the compensation site in Florida was 26.9 km. In our
study, in the 2008–2016 period, we found the distance was 37.3 km for
the same area, so it seems that the mitigation banks have become
more remote from the impacts in recent years in Florida. BenDor et al.
(2007) found a distance of 21.7 km in the Chicago area in the 1993–
2004 period, and BenDor and Stewart (2011) found a distance of
50.3 km in North Carolina in the 1996–2007 period. The distance between the place of supply (i.e. the mitigation bank) and the place of demand (i.e. the impact) seems, however, to be low compared to most
markets, making a comparison with ‘local markets’ possible. However,
we observed that in southern Florida some compensation sites are
quite remote from impacts (the maximum is 221.7 km for the 2008–
2016 period); this is probably due to the particularly ﬂat topography of
this area or to the fact that even linear impacts are recorded as points.
On a local scale, this distance can be considered as unacceptable for social
or economic reasons. While from an ecological point of view it seems
that the service area allowed the regulator to implement a watershed approach and facilitated environmental planning of wetland compensation, from a well-being point of view it seems impossible to conclude
that the mitigation bank led to equivalency for people who lost access
to local wetlands and the ecosystem services they supply. This is clearly
one of the main shortcomings of MB compared to standard ‘on-site’ compensation systems and highlights that ecological equivalency cannot be
equated with value equivalency (Ives and Bekessy, 2015). However, it
should be noted that the assessment of ecosystem service losses and
gains is not required by US wetland offset regulations or, more generally,
worldwide (Jacob et al., 2016). The primary goal of the current regulation
system is ecological equivalency and not welfare equivalency.
3.6. Does Mitigation Banking Risk a Lack of Long-Term Management and
Bankruptcy?
3.6.1. Ecological Risk
The primary ecological risk occurs when all the credits of a restoration site have been released and sold and funds have to be secured to
continue managing the site. Another possible problem is if the sponsor
of the bank has ﬁnancial difﬁculties and has to abandon a mitigation
bank project (Gardner and Radwan, 2005). There are various potential
causes of bankruptcy: a mitigation bank that fails to get its credits, an
economic crisis that leads to a lack of demand, or the arrival of another
mitigation banker in the same service area, causing the credit price to
decrease. The ecological risk depends on the stage of the mitigation
plan that has been reached. If no credits have been released or if the released credits have not yet been sold and no other impacts have been
authorized, there is no loss. If credits have been released and sold, one
can reasonably ask whether the ecological lift ‘sold’ through the selling
of credits will be maintained in the long term.
3.6.2. Regulatory Responses
A conservation easement, if properly enforced, protects a compensation site from any development projects. Even if credits have been sold

and the mitigation bank sponsor disappears, the land is very likely not
to be directly impacted by development projects. Regulators have also
adopted solutions concerning the issue of dependence on long-term
management when all the credits have been released. One is that mitigation banks are not approved if their long-term management plan is
based on too many cost-intensive engineering measures. It is preferred
that the mitigation bank site recovers independent natural functioning
that needs only, for instance, the maintenance of a gate surrounding it,
or a check for and potential removal of invasive species every 5 or
10 years. The sponsor must also create a long-term stewardship fund
that will be transferred to a local organization (NGO) or a public agency
to manage the site after the mitigation bank reaches its ecological goals
(Final Rule, Section 230.97 (d)) and becomes inactive (i.e. all the credits
have been sold).
Regulators also require that the sponsor of the mitigation bank creates, in addition to the long-term management fund, another fund dedicated to the implementation of the management plan during the
construction phase (works, plantings, monitoring of success criteria,
etc.). This fund may rely on several ﬁnancial arrangements, of which
the performance bond is the most commonly used. A performance
bond is a ﬁnancial guarantee against any failure to observe the terms of
the contract. Within the context of mitigation banks, if a mitigation banker goes bankrupt, a third party associated with the performance bond is
obliged to release money from the bond to the USACE or any other body
responsible for overseeing the mitigation bank project. In this way, regulators are able to carry out the necessary actions to complete the implementation of the mitigation bank, or at least to maintain the ecological
lift that has been sold through credits to compensate for impacts.
3.6.3. Efﬁcacy of Regulatory Responses
One key point that is not yet clear is what the level of the long-term
stewardship fund must be to ensure real long-term management in the
compensatory sites. A recent publication found that in California, these
funds are insufﬁcient to manage mitigation bank sites (Thomas, 2016).
An evaluation needs to be carried out in other states in the US.
A study by Gardner and Radwan (2005) analyzed the consequences
of the bankruptcy of the sponsor in the case of a mitigation bank in New
Jersey. A speciﬁc problem in this example was that the sponsor did not
keep up the monthly payments for the performance bond; therefore,
the third party was not obliged to release the performance bond to
the administrative body. This type of example has led regulators to be
more cautious with ﬁnancial guarantees. Vaissière and Levrel (2015)
analyzed another recent example of bankruptcy. The New Bank (the
name has been changed), based in Florida, went bankrupt after selling
17 credits to developers. In order to perpetuate the ecological lift of
the 17 credits sold in compensation for several impacts, the USACE recovered the performance bond. With this fund, the USACE ﬁnanced
the continuation of the management plan for the area equivalent to
the 17 credits sold. The remainder of the mitigation bank was not considered to be in sufﬁciently good condition to carry out restoration actions, but it continues to beneﬁt from the conservation easement. This
conservation area, which has not been used to compensate for impacts,
actually represents an ecological net gain (at least in terms of surface
area), since it will now be impossible to develop the site. The fund
thus seems to have worked well in this example. However, to our
knowledge, there are no guarantees for the ﬁnancial institution hosting
the different types of funds in the event that this institution disappears.
3.7. Does Mitigation Banking Risk Protecting the Market rather than the
Environment?
3.7.1. Ecological Risk
BenDor et al. (2011, p.10328) wrote: ‘If regulators seek to facilitate
markets, they may begin by allowing advance credit sales or larger geographical market areas, thereby absorbing risk from entrepreneurs. The
tension currently afﬂicting these ecosystem market policies lies
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between the goals of incentivizing credit supplier market entry versus
ensuring that high-quality offsets occur well in advance of impacts
and where they are needed most.’
Indeed, a signiﬁcant risk associated with the development of the compensation market is to consider this new economic sector as an industry
to promote and protect, rather than as a tool for implementing public environmental policy. In the US, where the compensation market currently
represents a turnover of $2 billion annually, with the number of transactions increasing dramatically over the last 20 years, it is clear that the
goals are no longer perceived only as ecological, even by the regulators
(Madsen et al., 2011). This explains why compensation is not just an environmental issue, and why a lobby for the MB sector has developed, centered around the NMBA and its local branches in different states.
This lobby tries to drive the system in two directions. The ﬁrst is to
strengthen the requirements for compensation and reject any leeway
for developers, because this would create more demand for mitigation
banks. In particular, the NMBA acts at the federal level in order to increase the ﬁeld mitigation banking applies to (to extend it to other habitats not currently eligible) (Hassan et al., 2015). The NMBA can also
bring legal actions against regulatory bodies for failure to fulﬁll compensation obligations (an example is NMBA v. USACE, United States District
Court for the Northern District of Illinois, Eastern Division, February 14,
2007; Hassan et al., 2015). The second goal of this lobby is to limit the
legal constraints on mitigation banks and to increase those of alternative compensation systems (PRM and ILF), based on the argument
that these represent unfair competition for the sector.
In short, it could be tempting for the regulator to relax the rules to
facilitate the development of the mitigation bank sector, on the grounds
that it generates employment and income (BenDor et al., 2015).
3.7.2. Resilience of the Regulation System: Two Examples
Because it is not easy to identify what solutions a regulator could
adopt to limit the inﬂuence of MB lobbying, we use two speciﬁc case
studies that illustrate how this type of situation can cause problems,
and how responses to these problems can be adopted at different scales.
The ﬁrst is the Solid Waste Agency of Northern Cook County (SWANCC)
v. United States Army Corps of Engineers (2001). In this decision, the US
Supreme Court ruled that isolated aquatic ecosystems were not to be
taken into account in the Clean Water Act (Christie and Hausmann,
2003). The direct consequence of this decision was that when a development project led to the destruction of these habitats, compensation
was no longer required at the federal level. The effect was catastrophic
for the MB sector. As described in Robertson (2004, p. 370): ‘Suddenly
it appears that the USACE no longer had the power to require mitigation
for many wetland impacts. The chaos in the banking industry was immediate. (…) Across the country, bankers (…) found that their prospective market had dried up.’
Federal authorities in charge of regulating wetland MB were then in
a very uncomfortable situation vis-à-vis operators who had invested in
the restoration of this type of habitat and who trusted the ability of the
USACE to build the regulatory institutions necessary for the proper functioning of this new market. The regulators could have responded by
relaxing the rules following the Supreme Court decision; for example,
by accepting that the credits associated with isolated wetlands could
be used to offset impacts on other types of habitats, in order to avoid
the collapse of an entire economic sector. Another strategy could have
been to release the existing credits earlier in order to increase the profitability of the mitigation bank.
However, this is not what happened. States, counties and municipal
authorities adopted their own regulatory responses to replace those of
the USACE, imposing new compensatory rules that took isolated wetlands into account (Christie and Hausmann, 2003). This was the case in
the Jacksonville District, where many counties and municipalities implemented new regulations requiring compensation for these ecosystems, as
previously required by the USACE (Christie and Hausmann, 2003). The
difference, however, is that the counties and municipalities have required
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that the compensation remains within their territory. This led to the redeﬁnition of service areas and to a reduction in the distance between
compensation sites and impact sites, imposing tighter ecological constraints on mitigation banks (Robertson and Hayden, 2008). Thus, the
outcome was that the No Net Loss principle was theoretically respected
at a lower level. This example indicates that regulation of the market
for wetland mitigation credits seems resilient even in a crisis context,
and that, at least in this case, the administrative bodies did not reverse
the ends and the means by putting the market before the environment.
The second example is the Highlands Ranch Mitigation Bank in
northern Florida (Gardner, 2012). This mitigation bank proposed to restore and preserve 552 acres of wetlands and 1023.5 acres of uplands.
Using the UMAM assessment method, the bank requested 688 credits.
The Florida Water Management District (FWMD) granted the permit,
but for far fewer credits (193.56) than expected by the bank. Of course,
this meant a completely different economic return for the investors. To
explain this difference in calculating the credits, it is necessary to understand that there are different views in Florida regarding the calculation
of the beneﬁts provided by the restoration and preservation of uplands.
In this state, two credit markets coexist: federal and Florida state wetland mitigation credits. The USACE does not consider the restoration
of uplands as eligible for federal mitigation credits for strict ecological
equivalence reasons. But Florida state mitigation credits can apply to
uplands in certain circumstances; this depends on the agencies in
charge of the assessment, which may judge that uplands surrounding
a wetland can be considered as water catchment areas. Two agencies
are in charge of delivering mitigation credits: the FDEP and the
FWMD. The former allows some credits for uplands (depending on
the context), while the latter does not. This point raises a simple fact: although the Final Rule clariﬁed the regulations regarding mitigation
credits in the Clean Water Act, the rules adopted by the states to protect
their wetlands may not be consistent with this. This was the main
source of confusion in this case in Florida and it led to a deep crisis.
The Highlands Ranch Mitigation Bank then asked an administrative
law judge to reconsider the assessment carried out by the FWMD; the
judge declined to rewrite the state's mitigation banking rules to allow
for more credits for upland enhancement and preservation. This left
the mitigation bank with one last chance: to appeal to the FDEP. A
well-respected FDEP agent reviewed the bank's application and also refused to increase the number of credits for upland compensation projects. But in 2012, this agent's manager made the ﬁnal decision in favor
of the Highlands Ranch Mitigation Bank, which beneﬁted from 425
credits. This episode fueled criticism of MB and received considerable
press coverage. Indeed, it can be interpreted as evidence that the system
was pressured to support a new economic sector. Yet it should be noted
that the ﬁnal outcome has not gone uncontested: state ofﬁcials investigated the way top FDEP ofﬁcials handled this controversial permit. In
parallel, in the end the USACE refused to recognize the upland habitat
as valid for wetland credits and ﬁnally provided only 70.37 credits.
The conclusion regarding the risk of ending up protecting the market
rather than the environment is that it depends on the political context
and on the checks and balances in the system. The Highland Ranch example seems to illustrate that the mitigation credit system for the
Clean Water Act is more resilient than state credit systems.
3.8. Does Mitigation Banking Risk ‘Replacing’ previously Agreed Conservation Policies?
At a time when public resources devoted to wetland conservation
are shrinking, there is a signiﬁcant risk that mitigation banks may be
used as a source of funding for conservation actions that the public sector no longer has the means to conduct. The central issue at stake here is
the additionality of measures being used to compensate for impacts.
Offsetting standards state that wetland offsets should not be used to replace conservation measures already in place or for which a management plan and funding have previously been identiﬁed (BBOP, 2012;
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Maron et al., 2015; Walker et al., 2009). Nonetheless, this concern is real
and extends to biodiversity offsets in general, as Gordon et al. (2015)
raise when they discuss the possible effect of ecological offset policies
‘crowding out conservation volunteerism’.
Within the context of MB, certain agreements in the US between the
public and private sector can be questioned regarding additionality. In
these agreements, the state authorized private stakeholders to carry
out restoration actions on land located in areas protected by the state,
proposing in return to share the proﬁt from selling the mitigation
credits. This could be seen as a way for the state to transfer its environmental commitments to other stakeholders, transforming wetland MB
into a ﬁnancing tool, which is not its intended purpose. Most of the private mitigation bankers we interviewed in Florida were also very critical
of these public–private agreements. They view them as a source of unfair competition because the main cost of wetland offsetting, which is
usually the cost of the land, does not have to be borne by the private
partner in these agreements.
The USACE has attempted to limit these private–public partnerships
on public lands which were previously acquired for conservation goals.
For instance, in Florida, if a public entity creates a mitigation bank on
such a public land, this public entity can only use the offset credits for
its own impacts, excepted for a few other cases speciﬁed in section
373.4135 (1) (b) Florida Statutes (legislation of the state of Florida). Private mitigation banks are very attentive to this issue and do not hesitate
to complain about non-compliance with this rule.
4. Conclusion
This article describes the main ecological risks, as well as certain
socio-economic risks, associated with wetland mitigation banking
based on its implementation in the US, and particularly in the state of
Florida. The regulatory responses and their efﬁcacy have also been analyzed, using empirical evidence to assess whether or not they are able to
adapt to the challenges raised by the No Net Loss goal.
We identiﬁed eight categories of risk. Of these, the risk of privatization and commodiﬁcation of wetlands, which would reﬂect a neoliberal
trend and a profound ethical change in conservation practices, seems
more a theoretical than a real risk and was not supported by empirical
evidence in our analysis. Neither was the risk of facilitating development
projects conﬁrmed by the facts; however, this should be qualiﬁed by noting that mitigation banks have not resulted in preventing a decrease in
the surface area of wetlands in Florida, though it is not possible to deﬁnitively determine the respective roles of MB, ILF and PRM methods in this
regard. The risk of the homogenization of wetlands is not easy to assess
as this would require harmonized national monitoring, allowing a comparison of what has been destroyed by development projects and what
has been restored by MB. There is a real risk of temporal loss of wetlands
due to the fact that some credits are released before any ecological outputs are gained, but this is compensated by the fact that the credits are
sold in stages (the ‘temporal gap’ is compensated by a ‘sale gap’). Another real risk is the disconnection between the impact sites and compensation sites—evidence shows this is a weakness of the mitigation bank
system. In Florida, these distances are increasing, leading to a redistribution of ecosystem services for local populations. It is clear that the costs
and beneﬁts of this mitigation policy are borne and received by different
populations. In terms of the long-term management of a mitigation bank,
the risk is not clear: stewardship funds may be insufﬁcient to guarantee
long-term management in compensatory sites, but the risk of bankruptcy seems well managed. Finally, in most of wetland MB in Florida, the
risk of reversing the ends and means appears to be limited: it does not
seem to protect the credit market over the environment, nor does it
seem to be used to achieve previously agreed conservation targets.
This leads us to an initial conclusion that the regulatory responses
recently adopted to deal with the risks associated with MB seem to be
more effective than is often claimed in the literature, although there is
still much to be improved. In the US, the USACE and the Environmental

Protection Agency (EPA) have created a hybrid system that blends market characteristics and regulatory constraints, which may improve their
ability to deal with the challenges of compensating wetland destruction.
However, a second, more worrying, conclusion is that the question is
still pending whether or not there is real achievement of No Net Loss of
wetlands, including through MB. This leads us to emphasize the need
for further research and better national monitoring using adapted, standardized assessment methods regarding the ecological efﬁcacy of MB in
the goal of No Net Loss of wetlands. Without these, it will be difﬁcult to
draw deﬁnitive conclusions about the effectiveness of MB. This is also
true for the PRM and ILF methods, if we want to determine the relative
effectiveness of each mechanism in the ﬁeld. At the current time, it is possible to question the capacity of regulators to reach the goal of No Net Loss
of wetlands in the US as well as the role of MB in contributing to this goal.
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Appendix A. Mitigation Banks of Florida Discussed During the
Interviews

Approved (54)
Barberville
Bear Point
Big Cypress
Big Cypress, Phase VI
Blackwater Creek
Blueﬁeld Ranch
Boran Ranch Wetlands
Breakfast Point
Brick Road
CGW
Colbert/Cameron
Corkscrew Regional
Crosby Island Marsh
Devil's Swamp
East Central Florida - Eco Bank
Farmton
Fish Tail Swamp
Florida
FP&L Everglades Phase I
FP&L Everglades Phase II
Green Swamp
Hammock Lake
Highlands Ranch
Lake Louisa & Green Swamp Ecobank
Lake Monroe
Lake Swamp
Little Pine Island
Loblolly
Loxahatchee
Mary A
Myakka
Nokuse
North Florida Saltwater Marsh
North Tampa
Northeast Florida Wetland
Peace River/Hardee Co
Pensacola Bay (Westervelt)

Port Orange
Reedy Creek
San Pedro Bay
Sand Hill Lakes
Southport Ranch
St. Marks River
Star 4
Sundew
Sweetwater
Tampa Bay
Three Lakes Wildlife Mgmt. Area
TM Econ
TM Econ Orange County Phase IV
Tosohatchee State Reserve
Tupelo
Upper Coastal/Citrus Co
Wekiva River
Pending (11)
Bear Creek
Easter
Hatchineha Ranch
Hillsborough River
Horse Creek
IMG (Cherry Lake)
Jack's Branch
Mill Creek
Nochaway
Pine Island Estuarine
Withlacoochee Wetland
Withdrawn (2)
Corrigan Ranch
Heather Island
Sold out (2)
Florida Wetlandsbank
Panther Island
Suspended (2)
Greens Creek
Treasure Coast

Appendix B. Interview Outline of the Inquiry on Jacksonville District
Mitigation Banks
1 Governance
1.1 Governance of the bank
– History of the bank: Original condition, choices/strategies
(why mitigation bank vs. permit, ILF?), what difﬁculties and
uncertainties were faced (what adjustments were made during the work)?
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– Who is who? Who does what? Map of the actors of the mitigation banking system on the level of the bank/of your company.
– Major links (alliance, liability, conﬂicts, support). Formal links:
contracts, partnership? Informal links: trust, habit, reputation?
– Your role in the bank: your career (education, previous
positions).
– Who ﬁll the RIBITS database? Do you consult the website?
Do you like it? Do you use the RIBITS or FL-DEP website
more often?
– Number of restored acres for each compensated acre
1.2 Mitigation banking system
– Who is the environmental actor in the mitigation banking
system?
– Give your opinion on the environmental aim of mitigation
banks. Which position: in favor, against, won over, concession,
consensus? Give your opinion on compensatory mitigation in
general.
– Ecological efﬁcacy? Which criteria? Three levels for determining equivalence: ecological, spatial, temporal efﬁcacy. What
are the main criteria to reach these 3 levels of equivalence?
– What should be the balance between avoid, mitigate and offset
(mitigation hierarchy)?
– Do you feel that mitigation banks are more effective than
PRM/ILF?
– Does your district apply the preference structure of the rule:
1/Mitigation Banks, 2/ILF and 3/PRM? Another structure?
Has the 2008 rule changed anything?
– Inﬂuence of the regulators on bank demand: Slow down the
bank approval process? Change ecological standards (force
mid-way adjustments)? Are you under the impression that
the regulators boost or stall mitigation banking in the
Jacksonville district? Are regulatory decisions transparent?
– Relations with the regulators: conﬂicts, trust?
– Obtaining the banking instrument: timeline? Need help to
obtain it?
– Administration (institutional dynamics, legal aspects, rules
of the game for mitigation banking etc.). Variability of administrative constraints: rules, procedures, bill of speciﬁcations, turnover of the people in charge of the cases, etc.
– Is there a lobby for mitigation banking? How could a lobby
inﬂuence the mitigation banking system: by making the
regulatory framework stronger or the guidelines more precise? What inﬂuences the success of mitigation banking?
2 Uncertainties
2.1 Environmental
– Uncertainty/risk of environmental success. Restoration failure
and degradation: risk of statutory non compliance?
– Conservation easement. How does it work? Does the banker
have to maintain the bank? Does he have to allow public access
to the bank? On what time scale? Durability of mitigation
banks.
– Is environmental variability a constraint? If yes, what are the
main constraints? How do you handle them?
2.2 Institutional environment
– 2008 Rule. How? Do you feel it is better, worse? Does it make
mitigation approval easier or more difﬁcult? Why?
– Are you conﬁdent about its outcome for mitigation banking
(role of the 2008 rule)? Anticipated demand?
– Has the Rule reduced the ﬁnancial risk of establishing mitigation banks in your district? Why? Inﬂuence of the Rule on the
availability of compensatory mitigation credit from banks?
(Increased/decreased/had no effect and why?)
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– Do the assessment/control/monitoring/sanction methods play
a role in the success of mitigation banking?
2.3 Behaviors
– What are your strategies to get around these uncertainties?
– Does increasing the frequency of interactions decrease uncertainties?
– Do you know bankers who have strategic/opportunistic or disloyal competitive behaviors?
– Adaptation to the 2008 rule. What are your main apprehensions/expectations regarding the evolution of the regulatory
framework?
– Crisis situation? Adaptation to this crisis?
– Changes during the last years? What were your strategies of
adaptation?

3 Asset speciﬁcity
3.1 Credits
– How precise are you about what is behind the name of the
credits? Use a label or more/less precise description in RIBITS
database?
– How do you determine the credits' value? Assessment
methods?
– How important is respecting ecological equivalence (nonet-loss principle)?
– What is the role of the ratios: is it a lever for the authorities?
– How do the USACE/FWS exercise control?
– Who approves the credits and corresponding costs for each
step?
– Which actors inﬂuence the approval of the credits?
– What is the role of the Interagency Review Team?
– What strategy do you use regarding speciﬁcity of assets? Do
you try to decrease it or do you beneﬁt from market niche
situations in service areas.
3.2 Ecological engineering
– Restoration, preservation, enhancement, restoration/creation
actions. Role of the buffer zones?
– Details about ecological engineering actions (methods, who
did it, who decides what actions would be taken).
– Relative scarcity of the ecosystem of the bank. Easier if the ecosystem is less speciﬁc?
– Do you feel you are transforming/changing the environment?
Does it depend on where the restoration actions are done: a
different natural area (not a wetland) versus a modiﬁed natural area (agriculture, urbanization)? Do you try to choose areas
where you can reconnect local hydrological systems?
– How do bankers tradeoff between restoration costs and ecological efﬁcacy of the bank?

4 Credits market and its condition
– Who buys? Why are banks used more than PRM and ILF? How
many credits?
– What is the current trend for supply? Is there a risk of ﬂooding the
market with credits (too much supply)? Is there regulation of the
number of banks based on HUC, district/other factors?
– Condition of the market: oligopolistic, monopolistic or competitive? Is it the same everywhere? What is the current trend?
– Competition regarding the price or the quality: dumping risk
with the lowest bidders? Examples? Is mitigation banking
competitive?
– Discuss the risk of not having a return on their investments in the
short-term but also in the long term. How many years before you
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–

–
–
–
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have a return on your investments? Is it slower/quicker since the
regulatory framework has been strengthened?
How does the Rule affect the ﬁnancial risk experienced by mitigation bankers? (not only supply/demand tension, but also current
and future regulator actions)
Service areas. Very speciﬁc market, what is the size of the market?
What do you think of this restriction on selling credits? How are
these restrictions respected or circumvented? How much leeway
is there (for instance, can one pay more to buy more distant
credits)? What is the usual scale for the service areas: HUC (8 or
12 digits), geographic regions, hydrologic basin? Is it the same in
the different districts? Have the service areas changed in the last
few years? How?
Economic efﬁcacy? How do economic goals affect the ecological
management of the site?
How do you determine your credit price? What are the prices of the
credits you sell?
Is there a risk of ﬁnancialization of the mitigation banking market:
speculation? Can mitigation bankers sell credits to people who do
not necessarily do construction on wetlands? For instance, people
who wish to invest in credits or people who wish to compensate
for other polluting activities (what kinds of equivalences exist for
this purchase?)

5 Study on marine environment
– Difference between terrestrial/estuarine banks, which strategy is
preferable?
– What other types of ecological compensatory mitigation do you
know? Are you familiar with marine environments?
– Suitability of marine environments to carry out ecological compensatory mitigation? Seabed property, regulatory system, which possible conventions (marine law is still incomplete)?
– Opinion on marine mitigation banking? Is ecological engineering
less developed and/or more expensive in marine/coastal areas?
Are marine/coastal areas more risky (coastal ﬂooding, oil spill, rising water levels due to climate change)?
– Do you think mitigation banks might be located in the open sea?
What are the main barriers (seabed property, other). Do you have
any ongoing projects in this area?
6 Conclusion
– Is the Florida/Jacksonville case study representative of what is
going on in the other states/regions in the United States?
– What other topics have we not discussed? Do you have additional
comments?
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