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Mitigation Strategies 

•  Agency Approach 
–  Ratios/Credits 

–  Standard Operating Procedures 

•  Alternative Mitigation Strategies 
–  Based on Ecosystem Services 

–  Example 
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Ecological and Socioeconomic Value is 
provided by the Georgia Environment 

How do you value something not traded in the marketplace? 

wetland and 
coastal habitat 

human recreational 
uses/tourism 

sensitive aquatic resources 

Aesthetic Views 
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Why Ecosystem Services? 

Millennium Ecosystem Assessment Ecosystems and Human Well Being (2005) 

•  Millennium Ecosystem Assessment:  
–  Largest Assessment of the Health of 

Earth’s Ecosystems 

•  Ecosystems provide resources and 
functions that we value 
–  these resources and functions are valued 

because they provide benefits to people in 
a variety of forms (e.g., clean water, habitat 
for wildlife, aesthetics, timber, recreation 
opportunities) 

•  Because we value these benefits, we 
recognize that ecosystems provide a 
service to people 
–  hence the term “Ecosystem Services” 
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It is important to note that the baseline level of 
ecosystem services provided over time is not constant 

and can vary based on a wide variety of factors. 

Ecosystem Services Represent  Flows Over 
Time - The “Baseline” Condition 
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A Loss of Services Over Time 
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CERCLA 
1980 

Exxon 
Valdez 
1989 

US NRDA 
Regulations 

1996 

USEPA 

2004-Present 

U.S. Presidents 
Report/NEA  

2011  

IFC 

PS-6  

2010-12  

EU (ELD) 
2005-Present 

2010-11 

Pesticide 
Registration 

Millenium 
Assessment 

2005 

How Did We Get to “Ecosystem Services”? 

Ecosystem 
Services 

Quantification Approaches Developed: 
Scientifically and Technically-Based 

Litigation Tested 



Natural Resource 
Services  

Ecological	  
Services 

Human 
Use 

Services 

Ecological Services: the physical, chemical, or biological functions that one natural resource 
provides for another natural resource and thus indirectly provides value to the public (e.g., 
the provision of food for wildlife, protection from predation, and nesting habitat, among 
others) 

Human Use Services: the human uses of natural resources or functions of natural resources 
that provide direct value to the public (e.g., fishing, hunting, bird-watching, boating, nature 
photography, and education, among others) 

Determining Compensatory Restoration 

Direct (consumptive) 

Indirect (passive or  
non-consumptive) 
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1991 
Paper 
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•  “to make the environment and public whole” 
– No Net Loss 

– Where possible, return injured natural resources to 
baseline or pre-impact conditions 

– Compensate for temporary or permanent loss of natural 
resources pending recovery 

•  Question: How much is enough? 

Goal of the Mitigation/Restoration 
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Service to Service Concept 

•  You can restore lost services through the provision 
of services into the future 

•  Services can be provided by restoration projects 

•  Under these approaches, restoration is scaled to 
the level of injury and hence, the equivalency of 
the process. 
•  Equivalency can be accomplished through  
–  specific resource comparisons (resource equivalency - 

REA) or  

–  at the habitat level (habitat equivalency - HEA) 
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Compensation Through Restoration 

•  Restoration should be: In-Kind and have a Spatial 
Connection 
–  however, out-of-kind and spatially removed alternatives 

have been used 

•  Restoration projects are designed to repair, 
rehabilitate, enhance, create, acquire or preserve 
equivalent habitats 

•  For equivalency, currency changes from monetary 
units to “Services” 

•  Known as a “Service to Service” approach 

•  Monetary valuation – can convert service units 
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Ecological Service Metric 

•  Typical metric - ecological services per unit area 
per year  
–  services per hectare per year (SHYs); services per acre 

per year (SAYs) 

•  Discounting factor is applied to standardize 
services using a common base year 
–  discounted services per acre per year (dSAYs) 

 
•  HEA SAYs (debit and credit) represent time 

accumulated resource service flows 
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Quantifying Ecosystem Service Values 

Impacts and benefits are based on changes from the baseline  
(may not be pristine) 

Compares Injury and Benefits Over Time to the 
Baseline Condition 

Environmental economics-based models 

B 
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Habitat Equivalency Process  

Environmental economics-
based models 

B 
Baseline 

A 

Fv = Future Value 
(compounding) 

Pv = Present Value 
(discounting) 

Areas A and B are 
calculated  

in units of dSAY’s 

Years 
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 Habitat Equivalency Analysis 

•  HEA utilized by US Department of Interior and 
NOAA for Natural Resource Damage Assessment 

•  Litigation-tested quantitative methodology 

•  Based on lost ecological services as well as 
ecological services gained from habitat 
restoration 
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Habitat Equivalency Analysis (continued) 

•  The array of ecological services that a habitat 
provides is complex 

•  Data are generally lacking to value all of the 
ecological services that a natural resource 
provides.  

•  Too many services provided to practically measure 
all of them 

•  Typically, one or more ecologicalparameters are 
selected as a surrogate representation of the 
services provided by that habitat.  

•  Flexible 
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Determining Baseline Conditions 

•  Use historical, reference or control data 
•  Types include information: 
– Collected on a regular basis and for a period of time 

before and after the incident 

–  Identifying historical patterns or trends in the area of the 
incident 

–  From areas unaffected by the incident, that are judged 
sufficiently similar to the area of the incident 

–  From the area of the incident after particular natural 
resources or services have been judged to recover 

National Oceanic and Atmospheric Administration: Guidance Documents for Natural Resource 
Damage Assessment Under the Oil Pollution Action of 1990 
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Case Study: Pipeline Construction 
Mitigation: Louisiana 

•  Nationwide 12 impacts to forested wetlands 
•  Sparsely wooded with 1- to 5- year-old trees 

•  Temporary construction impacts to 15.5 acres of 
wooded wetlands 

•  Permanent impacts to 6.1 acres from corridor 
maintenance 
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•  Army Corps requested purchase of a mature 
forested wetland for mitigation 

•  Wanted 1:1 ratio for temporary impacts [15.5 X 1 
= 15.5 acres] 

•  Wanted 1.8:1 ratio for permanent impacts [6.1 X 
1.8 = 11 acres] 

•  Total of 26.5 acres to be purchased 

Mitigation Ratios 
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What are we mitigating for? 

•  Loss of Acreage? 
•  Temporary Loss of Wetland Functions ? 

•  Permanent Loss of Wetland Functions? 

•  How does Wetland Quality fit into the 
“equation”? 
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Condition of Impact Area 
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Four Parameters HEA Uses to 
Characterize a Loss: 

•  Acreage of habitat affected 
•  Level of ecological services lost over time relative 

to habitat condition before impact (baseline) 

•  Shape of Recovery Curve 

•  Discount rate (brings future losses back to a 
present day value) 
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Expressing Ecological Service Losses 
Over Time 

•  With conservative assumptions, forested wetland 
would have attained 100% service after 50 years 
and continued to provide that level of service into 
perpetuity without the project 

•  The permanent loss was calculated as the lost 
wetland services over a 50 year period (expressed 
as a linear function) and then into perpetuity (SAY 
debit of 114 dSAYs) 

•  Temporary loss calculated 37 dSAYs 

•  Total loss was 151 dSAYs 
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Permanent Service Loss of Forested 
Wetlands (dSAYs) 

6.1 acres affected 
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Temporary Service Loss of Forested 
Wetlands (dSAYs) 

15.5 acres affected 

-37  dSAYs 

Years of Service 
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Determining Mitigation 

1.0 acre 

-18.3 dSAYs 

Years of Service 
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50 % 

•  Army Corps requested 1.8 ac of preservation mitigation for each acre of permanent impact 

•  Ratio implies a relative productivity value of 55% (1.0/1.8=0.55), that is, the proposed 
mitigation land is assumed to provide some level of service if not purchased but 55% of 
ecological services are at risk if not purchased for preservation 
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Calculating Appropriate Compensation 

•  Using HEA, the dSAY credit generated from 
preserving one acre of forested wetland was 18.3 
dSAYs 

•  The dSAY debit calculated for both permanent and 
temporary impacts was 142 dSAYs 

•  Dividing the debit by the credit (142/18.3) yields 
7.75 acres needed for wetland compensation vs 
the originally requested 26.5 acres. 

•  Why Difference:  
–  Permanent versus Temporary Impacts 

–  Time accumulated service flows 
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Summary and Considerations 

•  Approach presented represents what is known as 
a “service-to-service” approach 

•  What methods best capture quality and time 
related differences? 

•  Are mitigation ratios appropriate or technically 
defensible for your situation? 

•  Method has been applied to evaluate proposed 
ratios as well as credits required (i.e. functional 
credit units) 

•  Are social values considered? 
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Successful Application of HEA by the 
USACE 

•  HEA was successfully applied to coral reefs, hard-
bottom reefs, oyster beds, salt marshes, bay 
bottoms, and the estuarine water column.  
–  Flexible and included differences in impact scenarios such 

as the physical extent (Miami Harbor) or temporal 
sequence (Broward County) of project work. 
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Successful Application of HEA by the 
USACE (continued) 

•  Enabled evaluation of 
multiple restoration 
alternatives and the 
incorporation of 
different levels of 
uncertainty in 
mitigation success 
(Craney Island, Va and 
Barbers Point, HI). 
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