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Restoration of ecological resource services from oil spills or chemical releases is a central component of natural
resource damage assessments (NRDA) in the U.S. Equivalency analysismethods, particularly habitat equivalency
analysis (HEA) and resource equivalency analysis (REA), are widely used methods for scaling compensatory res-
toration requirements. Although originally conceived for relatively modest habitat and/or short-duration injury,
HEA is nowwidely used in service quantification and restoration scaling at large, complexNRDA sites. HEA can be
viewed as a simplified alternative to a comprehensive ecosystem approach that requiresmore extensive primary
data collection and differing assumptions.
The basic premise of equivalency analysis uses relatively simple computations. However, the theoretical under-
pinnings are complex and include many economic and ecological assumptions that are crucial in methodology
application. This review provides needed scrutiny to HEA applications and practices. We also consider global
trends in applying equivalency analysis, including its use in environmental liability legislation in the European
Union and more novel applications, such as measuring damages from forest fires and calculating mitigation re-
quirements in environmental impact assessments. Although the theoretical literature on the equivalency
methods is relatively robust, more case studies of applications in actual applications are needed to help improve
proper use of the methods and to encourage development of best practices by practitioners.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Natural resource damage assessment (NRDA) emerged in theUnited
States (US) as a process under federal statutes (first Comprehensive En-
vironmental Response, Compensation, and Liability Act [CERCLA] and
the Clean Water Act [CWA] in the mid-1980s and then Oil Pollution
Act [OPA] soon after its passage in 1990) through which trustees
representing the public, including federal and state government agen-
cies and Indian tribes, could recover damages from parties responsible
for hazardous substance releases and oil spills that result in lost public
benefits from injured natural resources. Over time, the NRDA process
has changed fromaprimary emphasis on recoveringmonetary damages
to one that emphasizes the use of restoration projects to offset natural
resource service losses. Under this approach, restoration activities are
conducted to create or enhance resource services by an amount equiv-
alent to the interim loss of services between the time of a spill or release
and return to baseline. Damages are based on the cost of the selected
restoration alternative either as a direct payment or through the cost
of performing the required restoration.1

To ensure that compensatory restoration neither under-compen-
sates nor over-compensates for service losses, it was necessary to devel-
op methods to scale restoration projects and the service flows deriving
from those projects. Equivalency analysis methods including habitat
equivalency analysis (HEA) and resource equivalency analysis (REA)
were developed to facilitate restoration scaling. Early applications of
equivalency analyses included relatively simple situations such as the
quantification of sea grass losses, as well as quantification of losses to
coral reefs.2

In the US, equivalency analysis, particularly HEA, has developed into
an assessment method that has become favored among practitioners
and is nowwidely used in NRDAs. More recently, in 2004, the European
Union (EU) adopted Directive 2004/35/EC on environmental liability
with regard to the prevention and remedying of environmental damage
(the Environmental Liability Directive [ELD]). Based to some extent on
the US experience with NRDA, the ELD explicitly incorporated the use
of equivalency methods to scale compensatory remediation (Gard and
Desvousges, 2013).

As familiarity with equivalency analyses increases, its applications
have also broadened. Some of these applications were appropriate, but
other applicationsweremuch less so. Since its inception, the HEAmeth-
od has proven useful in negotiations to settle environmental damage
liabilities.3 However, HEAhas not been subjected to the same level of ac-
ademic and legal scrutiny as other valuation or scaling methods.4 For

example, in the United States, some proponents of the method have in-
correctly used a variant of HEA to assess groundwater damages in
NRDAs,which have not held up in court.5 Several natural resource agen-
cies in the US have tried to add more quantification to the environmen-
tal impact assessment process by using HEA to calculate mitigation
requirements for large-scale projects. In addition, variouswildfire dam-
age cases have included the use of HEA as an integral part of the dam-
ages calculations. We discuss these latter two developments in more
detail later in this paper.

Given the global scope of the use of equivalency analysis methods,
the broadening of the applications well beyond the original intent, and
the still relatively sparse published literature on HEA and REA, one con-
cern that arises is that the principles of equivalency analysis may have
been lost or ignored in the rush to find a simplemethod of analysis. Cau-
tion is required when HEA is applied to complex injuries or service
losses, or new situations beyond which its use was originally intended.
In this paper, we address the potential soundness of some of the recent
expansions, and revisit the fundamental issues that have arisen in the
more traditional application of equivalency analysis approaches. We
also discuss the use of HEA in light of its more complex alternative, an
ecosystem services approach.

This paper explores how and when equivalency analyses can be an
effective tool for estimating losses and gains in ecological services. We
provide examples from recent applications showing how equivalency
analyses have been implemented, and discuss the kinds of situations
and issues that either enable HEA to provide useful information on eco-
logical services or preclude it from doing so. We also describe situations
in which the approach may be inappropriate because the assumptions
are too restrictive or better alternatives are available. The paper con-
cludes with an assessment of the prospects for expanded use of equiva-
lency analyses, including its use as a way of quantifying mitigation for
environmental impact assessment.

2. Overview of Equivalency Analysis Techniques

The conceptual basis for using HEA in damage assessments was de-
veloped in papers by Mazzota et al. (1994), and Unsworth and Bishop
(1994). HEA seeks to estimate the ecological value of lost resource ser-
vices by determining the amount of resources (habitat) thatwould have
to be provided to compensate for any loss (known as compensatory res-
toration or remediation)without assigning amonetary value to the ser-
vices (Dunford et al., 2004). HEA is intended for use when the service
losses are primarily ecological, not direct human use services, such as
recreation.6 In caseswhere affected habitat and other ecological services
are easily identifiable and restoration through provision of equivalent
services is possible, HEA ismuchmore likely to be effective in determin-
ing the appropriate amount of compensation for ecological service
losses. Conceptually, a REA is similar to a HEA, but service losses and

1 However, it is important to note that the cost of restoration does not necessarily equal
the value of the lost services. Restoration costsmay be greater or less than the value of ser-
vices lost (Unsworth and Bishop, 1994). Thus, this potential loss in equivalency between
value and cost represents a potential drawback to the use of restoration projects.

2 TheNational Oceanic andAtmospheric Association (NOAA)usedHEA in a case (United
States v. Fisher, et al. [CaseNo 92-10027-CIVIL-DAVIS]) and in a coral reef grounding case in
theWestern SamboReef in the FloridaKeysNationalMarine Sanctuary (Julius et al., 1995).

3 The NOAAwebsite includes numerous Damage Assessment Restoration Plans that are
based on the use of HEA, such as the St. Lawrence River site near Massena New York and
Lavaca Bay in Texas. See https://www.darrp.noaa.gov/.

4 For example, the travel cost method, and its most current variant, the random utility
model, has been the subject of hundreds of research articles over a time period that covers
70 years since the original suggestion for the approach was made by Harold Hotelling
(1947).

5 New Jersey Department of Environmental Protection, The Commissioner of the New Jersey
Department of Environmental Protection, and the Administrator of the New Jersey Spill Com-
pensation Fund v. Essex Chemical Corporation; New Jersey Department of Environmental Pro-
tection, The Commissioner of the New Jersey Department of Environmental Protection, and the
Administrator of the New Jersey Spill Compensation Fund v. Union Carbide Corporation.

6 The value of human use services, such as fishing and wildlife viewing, directly trans-
late into observable choices that peoplemake. Therefore, it is moremeaningful to observe
the choices that people make than to estimate the value of those choices using HEA.
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