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This report examines the economics of wetland creation, restoration, 
and enhancement projects, especially as they are used within the context of 
mitigation for unavoidable wetland losses. Complete engineering-cost- 
accounting profiles of over 90 wetland projects were developed in 
collaboration with leading wetland restoration and creation practitioners 
around the country to develop a primary source database. Data on the costs of 
over 1,000 wetland projects were gathered from published sources and other 
available databases to develop a secondary source database. Cases in both 
databases were carefully analyzed and a set of baseline cost per acre estimates 
were developed for wetland creation, restoration, and enhancement. 

Observations of costs varied widely, ranging from $5 per acre to $1.5 
million per acre. Differences in cost were related to the target wetland type, 
and to site-specific and project-specific factors that affected the pre- 
construction, construction, and post-construction tasks necessary to carry out 
each particular project. Project-specific and site-specific factors had a much 
larger effect on project costs than wetland type for non-agricultural projects. 
Costs of wetland creation and restoration were also shown to differ by region, 
but not by as much as expected, and in response to the regulatory context. 

The costs of wetland creation, restoration, and enhancement were also 
analyzed in a broader economic context through examination of the market 
for wetland mitigation services, and through the development of a 
framework for estimating compensation rafios-the number of acres of 
created, restored, or enhanced wetland required to compensate for an acre of 
lost natural wetland. The combination of per acre creation, restoration, and 
enhancement costs and the compensatidn ratio determine the overall 
mitigation costs associated with alternative mitigation strategies. 

King and Bohlen 

ABSTRACT 

Costs Of Wetland Restoration 
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EXECUTIVE SUMMARY 

Introduction 

.Fedem1 .and state laws generally require .anyone who ,proposes activities 
that could adversely impact wetlands to obtain a permit. In what has become 
known as “sequencing,” permit seekers must show that they have avoided 
wetland imp acts to the maximum extent “practicable,” that they have 
minimized any unavoidable wetland impacts, and that they have or will 
compensate for any remaining wetland impacts through wetland creation, 
restoration, or enhancement projects. This study examined the economics of 
wetland creation, restoration, and enhancement, with special focus on the use 
of such activities in the final stage of “sequencing”-as wetland mitigation. 

Historically, the level of mitigation required for wetland permit 
approval was determined on an ad hoc basis through negotiation between 
permit seekers and regulators. Mitigation requirements typically were set 
below replacement levels, and mitigation suppliers often failed to achieve the 
levels of mitigation that were set. In 1990, a Memorandum of Agreement 
between the Army Corps of Engineers and the Environmental Protection 
Agency, spelled out wetland sequencing and compensation procedures, and 
established the federal government’s “no-net-loss” goal for wetlands. The 
goal called for a halt in the net loss of wetland resources, not only by 
restricting activities that harm wetlands , but also by expanding activities that 
increase wetlands and wetland functions. This has greatly increased both the 
prominence and importance of wetland creation, restoration, and 
enhancement as a component of federal and state wetlands policy. 

Cost of Wetland Mitigation 

The work reported here focused on the cost of wetland creation and 
restoration efforts within the contine 1 United States. We examined cost 
estimates for approximately 1,000 historical wetland creation, restoration, and 
enhancement projects carried out in 44 states over the past 25 years. These 
historical cost estimates were collected from secondary sources such as 
published reviews of wetland mitigation and existing databases of wetland 
creation and restoration projects. In most cases detailed site selection and 
project design characteristics for these seconaary projects were unknown. We 
therefore supplemented our database by developing detailed engineering and 
cost profiles for 90 wetland creation and restoration projects in 10 states. The 
siting and project design characteristics for these 90 projects-the primary 
database-were known in detail. Because some specialized data was available 
from other research, regional factors that could affect costs were also 
examined for two specific areas: the southeastern United States, and the desert 
and pacific Southwest. 

v i i i  
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The results of our review and analysis of wetland creation, restoration, 
and enhancement costs can be summarized as follows: 

a 

a 

a 

Costs of wetland creation and restoration projects varied widely, from 
$5 per acre to $1.5 million. For projects other than those that involved 
converted agricultural land, average project costs from the more 
reliable primary database (excluding land costs) ranged from just under 
$20,000 to over $75,000 per acre. 

Conversions of agricultural land to wetland for non-regulatory 
purposes, as often carried out by the Fish and Wildlife Service, the 
Department of Agriculture and Ducks Unlimited in cooperation with 
farmers, proved substantially less costly than mitigation projects, 
usually less than $1,000 per acre. 

Per acre costs of wetland mitigation decline with project size. However, 
small projects and large projects are typically different in design and 
execution, so small and large projects were not comparable for 
purposes of estimating economies of scale for wetland mitigation. 

Small projects (under 1/2 acre) accounted for a disproportionate share 
of very high-cost mitigation projects. This is due to the relatively high 
fixed costs associated with these projects and the standardizing of costs 
at the level of one acre (e.g., a 1/4 acre project costing $15,000 implies 
costs of $60,000 per acre). 

a 

a 

a 

a 

Per acre project costs were only weakly related to the type of wetland 
being constructed. Site specific and project specific factors had a much 
larger effect on per acre project costs. 

Construction costs, as opposed to pre-construction or post-construction 
costs, usually were the largest component of overall project costs. 
However, monitoring and follow-up costs were highly variable, and 
led to unusually high project costs in some cases. 

Despite wide ranges within project categories, reliable estimates of 
project costs can be derived if a few key facts about each project and site 
are known. Key factors include overall project size, the amount of exca- 
vation needed to establish appropriate hydrologic conditions, whether 
off-site disposal of fill material will be required, and whether the site 
has any unusual conditions that may affect project costs (presence of an 
endangered species, limitations on site access, etc.). 

Projects in the southwestern United States (especially California) were 
typically more expensive, and projects in the southeast somewhat less 
costly than the national average. These differences reflect regional 
differences in ecological and economic conditions. A summary of cost 
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estimates and the allocation of costs by task and by input category is 
provided on page 55. 

Other Economic Issues 

analysis of cost data was a broader economic context 
through development of a framework for estimating compensation ratios 
necessary to prevent loss of wetland values via mitigation and through 
examination of markets for wetland creation and restoration services. Overall 
mitigation costs depend on both the cost per acre of providing miiigation and 
the compensation ratio, which determines the number of mitigation acres 
required. Conditions in mitigation market determine the leveIs of 
commitment to low cost vs. high quality. 

Compensation Ratios 

To the regulators responsible for implementing wetland permitting 
programs, determining what constitutes appropriate mitigation for wetland 
losses is a central challenge. Federal policy requires, at least in principle, that 
compensation requirements be established on the basis of a comparison of the 
wetland functions and values expected from compensation wetland and 
those lost with destruction of the original wetland. This idea has proven 
difficult to apply in practice, because all wetlands are not equally valuable in 
ecological or economic terms, and criteria for making comparisons are not 
well developed. Moreover, the value of each wetland depends on the level 
and characteristics of many different biological and geophysical functions it 
provides, its proximity to other features of the watershed, and it’s accessibility 
to animal and human populations. 

The value of a wetland mitigation project-its ability to compensate for 
what was lost-is determined by several project performance characteristics. 
The long-term increase in wetland value at the mitigation site, the speed with 
which those values are produced, and the risk that the project will fail are 
especially important. In Chapter 3.0, these parameters are combined in an 
analytical framework that produces an estimate of the compensation ratio 
needed to exactly balance the loss of wetland function due to destruction of an 
existing wetland. The framework provides a useful way of thinking about 
mitigation. Determining the values of the parameters required to use the 
framework can take place through scientific investigation or expert negotia- 
tion. Tables providing estimates of Compensation ratios for a typical range of 
parameter values are provided as an Attachment. 

The Mitigation Market 

The market for wetland creation and restoration services is driven 
primarily by regulatory requirements in the sense that most wetland projects 
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are undertaken as a condition to get a wetland permit from federal or state 
authorities. Expenditures on mitigation are viewed by most permittees as an 
unwelcome cost of doing business. Permitees tend to be highly cost conscious, 
and tend to be concerned about the quality of wetland mitigation only to the 
extent that regulators force them to be. These unusual market conditions and 
relatively lax enforcement of mitigation requirements by regulators have 
resulted in incentives for mitigation suppliers to provide wetland creation, 
restoration, and enhancement that emphasizes low cost, rather than high 
quality. These “perverse incentives” in the historical mitigation market con- 
tributed to the record of poor mitigation performance, which continues to 
enflame wetland policy debates. They are also resulted in a record of historical 
mitigation costs that underrepresent the cost of providing successful 
mitigation. This is why our work to provide reliable cost estimates involved 
developing and analyzing primary source cost data in addition to reviewing 
the historical record of reported mitigation costs. 
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1.0 

1.1 

INTRODUCTION 

Background 

Most activities that impact wetlands are regulated by federal law under 
section 404 of the Clean Water Act. State wetland protection laws are also in 
effect in many states. These laws require anyone who proposes activities that 
could adversely impact wetlands to obtain a permit. In what has become 
known as “sequencing,” permit seekers must show that they have avoided 
wetland impacts to the maximum extent practicable, that they have mini- 
mized any unavoidable wetland impacts, and that they have or will mitigate 
any remaining wetland impacts through wetland creation, restoration, or en- 
hancement projects. The research described in this report deals with the last 
step of this wetland permitting process. In particular, it focuses on the cost of 
providing compensatory mitigation for wetland impacts that are permitted 
under the Section 404 program and comparable state programs. 

Historically, the level of mitigation required for permit approval was de- 
termined on an ad hoc basis through negotiation between permit seekers and 
regulators. Mitigation requirements typically were far below replacement lev- 
els. In 1988, a broadly based and influential wetland policy forum that was 
convened to explore wetland policy alternatives recommended a “no-net- 
loss” goal for federal wetland policy (Conservation Foundation 1988). The 
goal called for a halt in the net loss of wetland resources, not only by 
restricting activities that harm wetlands , but also by expanding activities that 
increase wetlands and wetland functions. The federal government officially 
espoused this goal in 1990, in a Memorandum of Agreement between the 
Army Corps of Engineers and the Environmental Protection Agency, which 
spelled out wetland sequencing and compensation procedures. The no-net- 
loss goal and the Memorandum of Agreement increased both the significance 
and attention given to wetland mitigation within the federal wetland 
regulatory scheme. This new focus on wetland mitigation as a means of 
achieving the “no net loss” goal has changed the context within which the 
cost and performance of wetland creation, restoration, and enhancement 
projects are evaluated. 

1.2 Objectives 

Because achievement of the no-net-loss goal for wetlands depends, in 
part, on the success of wetland mitigation, much recent research has focused 
on criteria for evaluating the performance of mitigation projects, the devel- 
opment of design standards and engineering techniques for mitigation pro- 

of methods to maximize the likelihood that mitigation 
The research summarized in this report complekents 
by evaluating the factors that contribute to the cost of 

jects, and exploration 
projects will succeed. 
this ongoing research 
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designing and implementing successful wetland creation and restoration pro- 
jects. Our research also illustrates the range of costs for historical wetland mit- 
igation projects and provides estimates of the costs associated with pre-con- 
struction, construction, and post-construction tasks related to modern wet- 
land restoration projects. 

1.3 Scope of Study 

Our project focused on wetland creation and restoration efforts within 
the continental United States. We examined cost estimates for approximately 
1,000 historical wetland creation, restoration, and enhancement projects car- 
ried out in 44 states over the past 25 years. These historical cost estimaks, 
which were collected primarily from secondary sources, were supplemented 
by detailed engineering and cost profiles that we developed for 90 current wet- 
land creation and restoration projects in 10 states. In most cases the site selec- 
tion and project design characteristics for the 1,000 historical projects-the 
secondary database-were unknown. The siting and project design character- 
istics for the 90 projects that we collected and analyzed ourselves-the pri- 
mary database-were known. Because specialized data was available from 
other research; Regional factors that could affect costs were examined for two 
specific areas: the desert and pacific southwest, including California, Nevada 
and Arizona; and the southeastern United States, including the states of 
Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South 
Carolina, and Tennessee. 

Although our research focused on the cost of wetland restoration and 
creation efforts, we have placed these costs in a broad*::. - -3ntext. In particular, 
we evaluated how changes in the regulatory environment have affected the 
incentive structure in historical and current markets for mitigation services 
and, consequently, the cost and performance of wetland creation and restora- 
tion projects. An understanding of the relationships between project costs and 
project success is also essential for a complete picture of the economics of wet- 
land restoration projects. Although detailed analyses of these relationships 
was beyond the scope of this project, this report includes the results of some 
preliminary investigations in this area. The report also includes as appen- 
dices, two documents developed as part of this DOE project. Appendix A is 
our interim project report of January, 1994, entitled "Making Sense of 
Wetland Restoration Costs." This is a stand-alone paper that summarizes the 
results of our cost study in non-technical language and after review by DOE, it 
will be published in an appropriate journal. Appendix B is our interim pro- 
ject report of July, 1993, entitled "Watershed Management and Wetland 
Mitigation: A Framework for Estimating Compensation Ratios," This paper 
describes a framework for evaluating and comparing the performance of wet- 
land creation and restoration projects and for determining "compensation ra- 
tios"-the number of created or restored acres that should be required to re- 
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place each acre of lost natural wetland. It will also be published in a suitable 
journal after DOE approval. 

1.4 Methods and Approach 

Wetland creation and restoration costs vary tremendously. Our survey 
of existing sources of information on costs found projects with costs ranging 
from a low of $5 per acre to a high of $1.5 million per acre. This wide range of 
costs reflects the equally wide range of wetland types, site characteristics, pro- 
ject goals, and project design and construction standards that characterized 
these projects. Typical projects ranged from the simple reflooding of drained 
agricultural land to complex projects involving careful engineering of surface 
and groundwater flows, extensive excavation and grading, hand planting and 
seeding, and long-term site monitoring and maintenance. 

Given this wide range of projects, it would be misleading to simply 
provide an average cost estimate for wetland restoration. It is no more useful 
to think about the average cost of restoring an acre of wetland than to con- 
sider the average cost of restoring a damaged automobile. In both cases what 
is being restored is important-a Rolls Royce vs. a VW, a prairie pothole vs. a 
mangrove swamp. Our results, however, show that costs also depend on 
what features are damaged and how badly; and how fast, perfect, and perma- 
nent the repairs need to be. Accordingly, our approach to data collection and 
analysis was based on the understanding that aggregating cost data compiled 
for very different projects could mask important differences and produce 
misleading results. Wherever possible we avoided aggregating dissimilar pro- 
jects and emphasized, rather than ignored, important wetland-specific, site- 
specific, and project-specific differences. 

Unfortunately, our ability to classify projects in our large secondary 
database on the basis of wetland, site, or project characteristics proved to be 
limited. Cost estimates derived from published sources in the trade and tech- 
nical press, as well as from public and nonprofit agencies were often accom- 
panied only by brief project descriptions (e.g., "PFO1 A," "salt marsh," or 
"drain tile"). Few sources provided detailed project descriptions, and they 
tended to be sources that included data on few projects. After phone, mail, 
and in-person contacts with the staff of agencies and organizations responsi- 
ble for the bulk of the cost estimates, we found that many of the source agen- 
cies no longer had, or had never had, access to detailed project descriptions. 
Most of these agencies collected data about wetland creation and restoration 
projects for which they did not have day-to-day management authority. Our 
impression is that record keeping about historical mitigation projects, in gen- 
eral, has been weak and that, as a result, developing better profiles for projects 
in our secondary database would be prohibitively expensive. 

3 
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Because of the high variability in project cost and lack of detailed pro- 
ject descriptions in our secondary database, we felt that we could develop only 
a limited understanding of costs on the basis of the secondary-source cost 
record alone. In many cases, we also had reason to believe that published cost 

those available from state and federal agencies excluded some 
components or were associated with proj,ects that would mt 

meet modern design or construction standards. Therefore, we took a more 
time consuming approach and worked directly with wedand restoration ex- 
perts to develop primary-source cost data using standard cost-accounting pro- 
cedures applied to detailed engineering descriptions of known wetland cre- 
ation and restoration projects. 

All cost estimates in both the primary and secondary databases were 
standardized in 1993 dollars prior to analysis. Whenever the data were 
sufficiently detailed, projects were classified on the basis of location, site char- 
acteristics, wetland type, and project objectives. 

1.4.1 Primary Data 

We developed our primary cost data for approximately 90 different 
wetland restoration and creation projects. Working with subcontracted wet- 
land restoration specialists with experience in various parts of the United 
States, we characterized each project in terms of specific preconstruction, con- 
struction, and postconstruction tasks. Typical preconstruction tasks included 
hydrologic monitoring, site surveys, and preparation of project plans; typical 
construction tasks included excavation, grading, and planting; typical post- 
construction tasks included site monitoring and maintenance. 

Each project task was then characterized in terms of input require- 
ments (e.g., labor, material equipment) to complete each essential task. Per- 
task and overall project costs were calculated by applying unit costs (e.g., 
wages, rents, prices) with appropriate adjustments to cover overhead ex- 
penses. Most project profiles were based on actual wetland creation or restora- 
tion projects that were designed or constructed by our collaborating wetland 
restoration specialists. However, some were based on projects that they bid or 
planned, but never built; or projects with which they were familiar for other 
reasons. In some cases, hypothetical variations in site characteristics were 
used to develop project profiles and cost ranges that reflected differences in 
site conditions (e.g., steep slopes, poor site access, difficult hydrology, or the 
presence of an endangered species). Although developed in more detail, the 
worksheets we used were very similar to those used routinely by engineering 
and construction firms to estimate costs and prepare bids for restoration and 
other work. The spreadsheet program we developed that lists restoration 
tasks and associated input requirements and computes various components 
of project costs, input requirements, and unit costs is presented in Appendix 
C. The actual spreadsheet programs are available from the authors. 

4 
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We classified wetland creation and restoration projects into eight pro- 
ject categories that we used to sort data. These categories were based on wet- 
land characteristics that affected the tasks required to achieve restoration SUC- 
cess rather than by conventional wetland classification criteria. Thus wetlands 
dominated by shrubs were treated as part of the forested wetland categories, 
because tree and shrub planting require similar equipment and have broadly 
similar inputs even though they may have dissimilar functions and values. 
Our classification turned out to be similar to the standard Cowardin et al. 
(1978) wetland classification system. With a few adjustments, such as the 
grouping of wetlands with trees or shrubs, it may be thought of as a simplified 
version of Cowardin et al. The eight categories selected on the basis of re- 
quired restoration tasks tend to reflect differences in hydrology and vegetation 
structure. They are influenced very little by the complexity of resulting wet- 
land functions. The eight categories include: 

(3) 

(4) 

(5) 

Aquatic Beds consisting of tidal or nontidal communities of penna- 
nently or nearly permanently submerged plants; 

Complex Projects incorporating three or more wetland types in a single 
project; 

Freshwater Mixed Projects, consisting of nontidal projects in which 
both forested and emergent vegetation is produced; 

Freshwafer Forested Projects, establishing woody vegetation (forest or 
shrub) in nontidal wetlands; 

Freshwater Emergent Projects establishing emergent wetlands in non- 
tidal wetlands; 

Tidal Freshwater Wetlands Projects, often consisting of mixed emer- 
gent and woody vegetation; 

Salfmarsh Projects and other marine or estuarine projects, establishing 
wetlands dominated by emergent vegetation, 

Mangrove Projects, establishing mangrove communities. 

1.4.2 Secondary Data 

Our secondary database contains over 900 records of costs for individ- 
ual wetland creation, restoration, and enhancement projects and was devel- 
oped from published and unpublished project reports, the general trade litera- 
ture, and databases collected from county, state, and federal agencies in the 
contiguous 48 states. This database includes examples of wetland creation, 
restoration, and enhancement used as mitigation, as well as wetlands con- 
structed for water quality improvement, waterfowl habitat, and for other pur- 
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poses. Approximately half the records in the secondary database involve the 
restoration or creation of wetlands on agricultural lands undertaken outside 
of a mitigation context. Of the remaining cases, over 95% were mitigation 
projects, and three-quarters were associated with mitigating road or highway 
impacts to wetlands; the rest were non-agricultural projects undertaken out- 
side a mitigation context (e.g., wetlands for stormwater management or 
nutrient removal from sewage effluent). Records vary widely with respect to 
the degree of detail about site and project characteristics, but all included the 
general location of the project, project size, and overall project cost. Our in- 
terim project report, included as Appendix A, describes this Secondary 
database in detail. 

1.4.3 Data Analysis 

After developing means, medians, and ranges of project costs for pro- 
jects in each category, we prepared the non-technical cost summary presented 
as Appendix A. We then explored both data sets more fully to look for more 
subtle patterns. Within both the Primary and Secondary databases, there was 
an extremely uneven distribution of cases within and among project cate- 
gories. Freshwater emergent wetland creation projects were abundant in our 
sample, for example, while projects to restore beds of submerged aquatic 
plants were rare. We cannot at this time assess how much this reflects the 
abundance of restoration projects across the United States and how much it 
reflects the limitations of our data collection efforts. 

Different categories of wetlar,d projects tended to have different aver- 
age sizes. Creation projects, for example, are typically smaller than restoration 
projects; freshwater emergent wetland projects tend to be smaller than pro- 
jects producing forested wetlands; and agricultural conversion projects tend 
to be larger than other projects. Costs per acre also decreased substantially 
with increasing project size. We expect that similar (but not necessarily equal) 
economies of scale exist within each category of wetland project. However, 
under these circumstances, a direct comparison of average cost per acre for 
different categories of wetland projects may be misleading. In an attempt to 
sort out those differences, we used a standard statistical technique called an 
analysis of covariance (ANCOVA) to produce estimates by project categories 
of per acre project cost adjusted for typical project size, as well as to develop 
equations that indicate how project costs change as project size changes. 

Costs per acre data for projects in both the primary and secondary 
databases were highly skewed, so more elaborate statistical analyses, including 
the analysis of covariance, required transformation of the data. All parametric 
analyses were carried out on Loglo transformed data. Reported results, except 
where otherwise noted, are based on hypothesis tests with ~ ~ 0 . 0 5 .  
Nonsignificant (p>O.lO) and nonestimable interaction terms were dropped se- 
quentially from all analyses. The results shown here reflect the most com- 
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plete analyses possible with the existing databases. Full analysis of covariance 
tables are included in Appendix A. 

1.5 Organization of this Report 

Results are summarized here in three chapters. Chapter 2.0 summa- 
rizes our analysis of wetland creation and restoration costs and provides base- 
line cost estimates and preliminary estimates of economies of scale; Chapter 
3.0 describes the framework that we developed to facilitate the analysis of pro- 
ject cost-performance relationships through consideration of appropriate 
compensation ratios for wetland mitigation; Chapter 4.0 puts the empirical 
part of the project-measures of cost and performance-in context by describ- 
ing how the regulatory environment and conditions in mitigation markets 
affect the characteristics of wetland creation and restoration projects. 
Additional information on each of these topics is provided in Appendices A 
and B. Chapter 5 includes the regional summaries for the southeast and 
southwest United States. 

. 
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2.0 WETLAND CREATION AND RESTORATION COSTS 

2.1 Analysis of Primary Data 

2.1.1 Wetland Types 

Analyses of the Primary Data by Analysis of Covariance and by 
Kruskal-Wallis tests show that differences in the costs of restoring different 
types of wetlands are not large relative to the differences in costs within any 
one wetland category. This reflects the enormous differences in the site and 
project design characteristics within project categories and the fact that the 
tasks and costs associated with restoring wetlands in different categories can 
be quite similar. Median, mean, minimum, and maximum per acre creation 
and restoration costs for eight categories of wetland projects are shown in 
Figure 2.1. 
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Figure 2.1 

Cost Per Acre 
(In 1993 $; excludes land costs) 

~~ median 

$0.0 

Wetland Type 

Point estimates and ranges of project costs from the Primary 
database for specific wetland types. 

Table 2.1 displays the summary cost statistics for each wetland category 
and includes a percentage breakdown of estimated costs by project stage 
(preconstruction, construction, and post construction) and by input category 
(labor, equipment, materials, other). In general, construction costs constitute 
between two thirds and three quarters of total project costs, although they are 
somewhat higher for freshwater tidal wetlands. Labor costs tend to account 
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for the largest overall share of project costs, ranging from about one-third of 
overall project costs to about three-quarters. 

Table 2.1 Cost Estimates and Cost Allocation by Task and by Input 
Category (excludes land cost) 

Project Type 
AquaticBed Complex FW FW FW Tidal Salt Man- Agric. 

Mixed Forest" Emerg . FW Marsh grove COnvn 
Project Costs (Thousands) 

Average $19.5 $56.7 $25.3 $77.9 $48.7 $42.0 $18.1 $18.0 $1.0 
Minimum 18.3 4.3 1.4 0.9 1.7 0.6 1.0 2.1 0.005 
Maximum 21.7 258.8 65.8 248.4 170.6 92.6 43.6 42.8 20.8 
Median 18.6 24.8 23.4 42.7 35.2 32.9 10.2 13.6 0.5 
Sample Size 3 8 10 19 28 3 9 4 494 

Breakdown by Tasks: 
Preconstrudion 17% 10% 5 % 9 Yo 13% 9% 16% 13% 0% 
Construction 63 
Postconstruction 20 

74 78 
16 17 

74 
18 

58 87 73 66 100 
28 4 11 21 0 

Breakdown by Input Category: 
Labor 58% 50% 74% 51% 63% 31% 52% 51% 45% 
Materials 8 23 10 30 26 54 27 21 0 
Esuipment 34 14 16 18 9 14 20 28 55 
Other 0 14 0 2 1 1 2 0 0 

** 

High end of ran e involves researching and restoring hydrology and planting; low end involves 
restoring hydrokgy only. 

Cost breakdowns for agricultural conversions are based on a project consisting of 
hydrologic modification without planting or formal plan development. 

2.1.2 Project Types 

Although our data do not show strong differences between the costs of 
restoring different wetland types, they do show significant differences in per 
acre costs between creation, restoration, and enhancement projects (see Figure 
2.2). Enhancement projects are less expensive than creation or restoration 
projects by approximately a factor of three. For complex wetland projects 
(those incorporating several wetland types or both estuarine and freshwater 
components), the enhancement projects in our databases were similar in cost 
to creation and restoration projects. There are also weak indications in the 
data that wetland enhancement costs, on a per acre basis, may not decline as 
rapidly with increasing project size as wetland creation and restoration pro- 
jects (see Figure 2.3). 

We found no significant difference between wetland creation and 
restoration costs for many types of wetlands (this pattern was repeated in the 
secondary data as well). This runs counter to the conventional wisdom that 
restoration projects are less expensive than creation projects because of the 
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ease with which wetland hydrology can be established in areas that once were 
wetland. 
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Enhancement, and Restoration 

Creation Enhancement Restoration 

Project Type 

Figure 2.2. Comparisons of predicted costs of creation, enhancement, and 
restoration projects from the primary database. 

2.1.3 Economies of Scale 

As expected, the analysis of covariance revealed that (1) project size has 
a strong effect on per acre project costs, and (2) project type (creation, restora- 
tion, enhancement) also significantly affects project costs. The analysis of co- 
variance confirmed, however, that any effects of wetland type on project costs 
are hidden by the wide variability in project costs among projects within each 
wetland type. It is possible, but by no means certain, that with more cost data 
on underrepresented project types, effects of wetland type on project costs 
could be revealed. 

Figure 2.3 illustrates the inverse relationship between cost per acre and 
project size for wetland mitigation projects in the primary database. The pre- 
diction lines in the figure, (produced by the analysis of covariance), are given 
by the following prediction equations. 

-0 3833 (6) Cost = 49742 * Size for wetland creation projects. 

(7) Cost = 37 12 * S i ~ e ~ . ’ ~ * ~  for wetland enhancement projects. 

(8) Cost = 43946 * Size4.J684 for wetland Restoration Projects. 
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Because of the small sample of enhancement projects, the exponent in equa- 
tion (7) is not significantly different from zero, and the differences in expo- 
nents among the three project types are marginally statistically significant 
(size by project type interaction, P=0.531), A simpler and more robust predic- 
tion relationship pools all three project types to give: 

(9) Cost = 30706 * S i ~ e ~ ‘ . ’ ’ ~ ~  

For each 10% increase in project size, this relationship predicts that costs per 
acre will decline by 3.4%. A doubling in project size results in a 22% decrease 
in per acre costs. 

Cost Per Acre: Primary Data 

lo’ T 
0 

Creation (0) n 

Enhanceme t a 

0 

.w 

i o 3  OO 
1 ’ 0 0  0 0  
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Figure 2.3 Cost per acre of creation, restoration and enhancement projects 
from the primary data. 

2.2 Secondary Data 

2.2.1 Limitations of the Secondary Database 

Developing reliable statistical results from the secondary database, de- 
spite the large number of observations, proved to be difficult. Without details 
about each creation or restoration project, including site conditions before the 
project was undertaken, budget constraints, project goals, and so forth, one 
can draw only limited conclusions about project costs. Inconsistencies in how 
costs were defined, measured, and reported for various projects complicated 
interpretation of the data still further. These inconsistencies reflect the wide 
range of purposes for which the data were originally collected by many indi- 
viduals within private and governmental organizations. 
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Another difficulty arose because cost data proved much more abundant 
for certain types of projects than for others. We found many published and 
readily available cost estimates for the conversion of agricultural land to wet- 
land for wildlife and waterfowl benefits, and a similarly large amount of data 
related to wetland mitigation projects that involved the creation of small to 
medium size, freshwater, emergent wetlands. Reported cmts for most other 
kinds of wetland projects were relatively rare. 

In our efforts to find additional background information for the pro- 
jects included in our Secondary database, we uncovered several other sources 
of potential problems. These problems were revealed to members of our re- 
search team during phone interviews with individuals who had provided us 
with cost estimates or had published cost estimates that we included in our 
database. The four main problem areas were: 

(3) 

(4) 

Joint Costs-Mitigation and Development. The providers of cost data 
for some projects were unable to distinguish between restoration costs 
and the costs of earth moving and landscaping associated with the con- 
struction project that resulted in the need for mitigation; this was espe- 
cially true for highway expansion projects. To the extent that this re- 
sults in allocation of construction project costs to mitigation, it will re- 
sult in an overstatement of mitigation costs. If mitigation costs are er- 
roneously allocated to the original project (less common, we believe), 
mitigation costs will be underestimated. 

Joint Costs-Mitigation and Permitting. In other cases, it was impossi- 
ble for providers of cost data to distinguish between restoration costs 
and the costs of engaging in the wetland permitting process itself; this 
was especially true for large complex projects and mitigation banks. To 
the extent that project costs are inflated by permitting costs, this would 
overstate true project costs. 

Diflering Designprecision Standards. The secondary database includes 
wetland construction projects designed to improve water quality (e.g., 
treat sewage, storm water, farm runoff, and acid mine drainage). Since 
these projects involve substantial engineering effort, and all siting, 
design, and construction decisions for them are directed exclusively at 
waste treatment, they might be expected to be especially expensive, as 
wetland creation projects go. Actual costs of constructed wetlands 
designed to improve water quality, however, were not statistically 
different from costs of wetlands created or restored for mitigation, and 
all such projects were retained. 

Non-priced Project Inputs. The database also includes projects carried 
out with participation of volunteers or with voluntary contributions of 
land, expertise, or equipment. These projects were generally designed 
to create or restore specific wetland functions (e.g., duck habitat), usu- 
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ally, but not always, through the conversion of agricultural land to wet- 
land conditions. The cost estimates for projects that use volunteers of- 
ten exclude the opportunity cost of contributed labor and other "in 
kind" contributions, and thus may under report true project costs. 

The combination of very different sample sizes for various categories 
of wetland projects, inconsistencies in the descriptive information available 
to us on each project, and differences among sources of data regarding how 
costs were reported make detailed interpretation of data from historical 
sources of information (like those on which we based our secondary database) 
of limited value. Further attempts to improve this database through addi- 
tional contacts with individuals who provided or published the data we used 
as the basis for our database were unsuccessful. We believe that additional at- 
tempts to improve the secondary data would be marginally successful and 
would not be as cost effective or as useful as adding to the primary database. 

2.2.2 Agricultural Conversions vs. Other Projects 

The secondary data consisted of almost equal parts agricultural conver- 
sions to wetland carried out for wildlife enhancement purposes and projects 
carried out for other reasons, mostly mitigation. The two groups of data were 
very different. In general, agricultural projects (1) were significantly less ex- 
pensive than the other projects, and (2) the cost per acre of agricultural con- 
versions was less sensitive to project size than was the cost per acre of mitiga- 
tion projects (Figure 2.4). 

The relationships between project cost to project size found in the 
analysis of covariance correspond to a decrease in per acre costs of about 4.3% 
and 22% respectively for agricultural and other projects in response to a dou- 
bling of project size. The prediction equations for cost per acre that correspond 
to these parameters are as follows. 

(8) Cost = 536.4 * Size-".06279 for agricultural conversions and, 

(9) Cost = 30850 * Size-".35798 for non-agricultural projects. 
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Cost Per Acre Of Agricultural Conversions 
and Nonagricultural Wetland Projects 
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Figure 2.4. Cost per acre of agricultural conversion and non-agricultural 
projects from our secondary data. 

Thus a one acre agricultural conversion project typically costs just over 
$500, while a one acre project that is not an agricultural conversion typically 
cost about $30,000. Exact reasons for this difference in cost could not be deter- 
mined as part of this study; however, the effect does not appear to be entirely 
due to geography. Even when attention is restricted to those states (CA, KS, 
MN, MT, OR, TX) in which data was available for both agricultural conver- 
sions and other projects, the cost per acre of agricultural conversion projects 
remain significantly lower, and less sensitive to project size than are other 
projects (by analysis of covariance, p<O.OOOl for both comparisons). 

Unfortunately, the databases from which we drew information on agri- 
cultural conversion projects for this report were inconsistent with respect to 
the descriptive information they included, and thus further analyses of agri- 
cultural conversion projects were impossible. 

2.2.3 Projects Other Than Agricultural Conversions 

Sufficient descriptive information was included with 160 non-agricul- 
tural projects to allow exploration of factors that may affect the per acre costs 
of wetland creation, restoration, and enhancement. Analyses followed the 
analysis of covariance approach already described (log,, transformed data, co- 
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variate given by a loglo transformed project size data). Factors for which suffi- 
cient information were available included vegetation type (open water, emer- 
gent, woody, mixed), a rough hydrologic classification (estuarine or marine, 
palustrine or lacustrine, riparian), and project type (creation, restoration, en- 
hancement, mixed). The highly unbalanced statistical design forced on us by 
the secondary data we were able to collect, again, makes the results difficult to 
interpret. Our conclusions, therefore, should be seen as preliminary. 

As in the primary data, project size had a strong influence on per acre 
project costs (Figure 2.5). Vegetation type, however, was not an important de- 
terminate of project costs, contrary to our initial expectation that the increased 
difficulty of planting woody vegetation should increase costs. Because vegeta- 
tion type never proved statistically important, we dropped it from the analy- 
sis. The hydrologic classification had a weak effect on project costs, which 
proved statistically significant under certain analyses, but unimportant in 
others. Riparian restoration projects were typically more expensive, on a per 
acre basis, than other projects. Estuarine/Marine and Lacustrine/Palustrine 
projects, however, were similar in cost. Project type affected per acre project 
costs as well. In general, costs of wetland creation projects and mixed projects 
decreased less with size than did costs of enhancement and restoration pro- 
jects (see ANCOVA table in Appendix A for details). 

In part, the results of this analysis of covariance may reflect the poor 
quality of the secondary data. Descriptive information was unavailable for a 
majority of projects in the database, and, by chance, for almost all wetland en- 
hancement projects. To double check the legitimacy of the results of the full 
analysis of covariance, we fit a simpler model, in which we separated projects 
only by project kind. This allowed us to increase our total sample size to 367 
projects, (309 creation projects, 28 enhancement projects, 16 restoration pro- 
jects, and 14 mixed projects). The results of this analysis of variance were gen- 
erally similar to those shown above, and are shown in Figure 2.5. At larger 
project sizes (greater than one acre), mixed projects and creation projects 
tended to be more expensive, and less sensitive to project size than restora- 
tion and enhancement projects. At smaller sizes, we had little data for any- 
thing other than wetland creation projects, and thus comparisons of the dif- 
ferent project types are inappropriate. 

The prediction equations corresponding to the different project types 
(averaged across all hydrologic classes) produced by this analysis of covariance 
are given by the following equations 

(10) Cost = 33 164 * for creation projects 

(11) Cost = 13 198 * Size4.6495 for enhancement projects 

(12) Cost = 20212 * ~ i ~ e ~ . ~ ~ ~ ~  for restoration projects 
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(13) Cost = 39354 * Size-0.3814 for mixed projects 

Cost Per Acre of Creation, 
Enhancement, and Restoration Projects 
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Figure 2.5 Cost per acre of wetland projects estimated from the secondary 
data. 

At one acre in size, enhancement projects are somewhat less expensive 
on a per acre basis than other projects, and the relative cost advantage over 
creation projects increases as projects get bigger. At larger sizes, however, en- 
hancement and restoration projects have similar predicted costs per acre. 

2.3 Comparisons Between the Primary and Secondary Data 

An analysis of covariance comparing the primary with the non-agricul- 
tural portion of the secondary database showed that (1) the overall slope relat- 
ing project size to per acre project costs are not different for the two databases, 
and (2) projects in the primary database are more expensive than projects in 
the secondary database. Projects from the secondary database have costs that 
are typically only 56.3% of the costs of similar sized projects in the primary 
data. Put another way, the projects from our primary database cost about 78% 
more than the projects in our secondary data. As discussed previously, we ex- 
pect that this is due to the relatively low quality standards represented in tlw 
secondary database and the fact that our primary database was developed 
using modern project design and construction standards. 
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2.4 Discussion of the Data 

2.4.1 Economies of Scale 

In both the primary and secondary databases, per acre project costs were 
observed to decline with project size. The analysis we have presented here 
provides a glimpse into scale issues and probably offers the most reliable 
available estimates of scale factors applied to wetland creation and restoration 
costs. We have not, however, measured true economies of scale because we 
could not isolate project size from other project-related characteristics that 
tend to change with project size. 

Economies of scale, by definition, measure changes in unit cost as the 
scale of production-number of units-changes. Economies of scale can re- 
flect changes in how production takes place at different scales of production 
(e.g., more mechanical production or more labor specialization). They can 
not, however, be estimated reliably when there are significant changes in 
what is being produced at different scales of production. Unfortunately, the 
unevenly sized samples of different types and sizes of wetland projects, made 
it impossible to fully isolate project size as the only cause of differences 
among project costs. Small scale projects tend to include careful (and expen- 
sive) grading and planting, while larger projects are usually carried out with 
less precision and use less intensive planting methods. Furthermore, certain 
types of projects (e.g., erosion control plantings) are likely to produce small 
wetlands, while others (e.g., removing or building water control structures) 
are likely to produce larger wetland areas. Thus small and large wetland pro- 
jects almost always differ by more than just size. Accurate determination of 
true economies of scale would require examination of the effects on per acre 
project cost of project size alone, independent of confounding influences. 

We were able to show that scale effects on per acre project costs differ 
among categories of wetland projects. Agricultural conversion projects, in 
particular, decreased in cost much less rapidly with increasing project size 
than did mitigation projects. We are uncertain why that should be so. It may 
reflect differences in the economies of scale for component restoration tasks 
(like monitoring, or planting of trees and shrubs) that seldom are incorpo- 
rated into agricultural projects. It may also reflect the wide range of ap- 
proaches used to provide mitigation, as compared with limited techniques 
commonly used to restore agricultural land to wetland. It may simply reflect 
the role of volunteer and in-kind contributions in agricultural conversions 
that are less commonly part of mitigation projects. Or the difference may re- 
flect the dynamics of negotiations between wetland regulators and permit 
seekers, which played no role in the agricultural projects. 

Although different scale effects on project costs were observed for cre- 
ation, restoration, and enhancement projects in the Secondary data, those dif- 
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ferences were statistically unstable, changing with apparently small changes 
in how the data was analyzed. Since no similar patterns were found in the 
Primary data, it would be premature to h*othesize what produced the differ- 
ences. There are significant fixed costs associated with all but the most simple 
kinds of restoration projects, so economies of scale most certainly exist for 
most types of wetland creation and restoration projects. Further research an 
the scale issue should probably wait until there are specific questions raised 
that require information about economies of scale and justify the expense of 
measuring and explaining them precisely. 

2.4.2 Creation, Restoration, Enhancement 

Conventional wisdom suggests that wetland enhancement should be 
less costly on a per acre basis, than wetland restoration, which in turn should 
be less costly than wetland creation. The primary and secondary data both 
support the hypothesis that wetland enhancement projects are less costly than 
creation and restoration projects. However, we saw no evidence in the pri- 
mary data that restoration is less costly than creation, and we found only 
weak evidence of this pattern (it holds for large projects only) in the sec- 
ondary data. 

It has frequently been suggested that restoration projects should be less 
expensive than creation projects primarily because of the relative ease with 
which appropriate hydrology can be reproduced in an area that previously 
was wetland. Creation and restoration projects in our primary database gener- 
ally required similar tasks and subtasks to reach completion. Many restoration 
projects, however, required substantial expenditures for excavation and site 
preparation that were similar to those required for wetland creation. In fact, 
we could detect no systematic differences between creation and restoration 
projects in their allocation of costs between background research, project 
planning and design, site preparation, planting, monitoring, or maintenance. 
The surprisingly high costs of restoration projects relative to creation projects 
may reflect the costs of working in or near existing wetlands, including in- 
creased regulatory costs, and the added costs of working "in the wet" (creation 
projects presumably can be worked dry). In addition, both creation and 
restoration projects in historical mitigation markets were often built under 
strong pressure to minimize costs, with only secondary regard for quality. 
Because purchasers of mitigation services have been price sensitive, the costs 
of the two mitigation alternatives may simply have begun to converge be- 
cause they serve the same market (see Chapter 4.0 and Appendix C). 

Differences in per acre costs for creation, restoration, and enhancement 
projects provide only a partial view of the actual costs of providing wetland 
mitigation through each of these strategies. The appropriate mitigation ratio 
and the risk of project failure need to be taken into account in the final cost 
comparison. Ordinarily, a larger area of wetland would have to be enhanced 
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to provide adequate compensation for an acre of lost natural wetland than 
would have to be created or restored. The overall cost of mitigation using en- 
hancement, therefore, may not be lower than the cost using creation or 
restoration. Furthermore, conventional wisdom suggests that restoration pro- 
jects have a much higher success rate than wetland creation projects. To the 
extent that regulators actually hold permit seekers responsible for mitigation 
failures (e.g., through bonds or other financial assurances), or require higher 
mitigation ratios to account for risk of failure, restoration will often prove to 
be a substantially less costly way to mitigate for wetland losses than creation 
(see Chapter 3.0 and Appendix B). 

2.4.3 Wetland Type 

In both the primary and secondary databases, the per acre-costs of wet- 
land creation and restoration projects were relatively insensitive to the type 
of wetland being created or restored, whereas ranges of per acre project costs 
tended to be relatively wide within most wetland categories. It is unlikely that 
wetland type plays an insigruficant role in determining per acre project costs. 
Site-specific and project differences, however, are apparently so important in 
determining project costs that they mask whatever role wetland type alone is 
Playing- 

Wetland creation or restoration projects can differ in cost either be- 
cause the inputs required to carry out the projects differ, or because the permit 
cost of those inputs differ. Costs of inputs, especially of labor, can vary sub- 
stantially by region. Within the United States, however, regional differences 
in the costs of inputs alone are unlikely to lead to variation in per acre project 
cost by even as much as a factor of two. Much greater differences in per acre 
costs arise because the inputs required to complete two projects may be very 
different. Inputs may differ because the wetlands being produced are of sub- 
stantially different types. Many projects producing dissimilar wetlands, how- 
ever, have similar inputs, and many differences in inputs reflect differences 
in the projects that are less obvious than target wetland type. Such differences 
may arise for many reasons, including: 

(3) 

Regional differences in the types of projects typically carried out (e.g., 
Florida has numerous mangrove restoration projects; in Southern 
California, wetland specialists have difficulty finding sufficient water 
for wetland construction); 

Differences in project design (e.g./ planting densities, choice of water 
control structures, size and pattern of variation in pool depth, use of 
enhancement techniques like artificial snags or nest boxes); or 

Site-specific factors (amount of excavation required, difficulty of access, 
hydrologic conditions, etc.); and 
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(4) Differences in project implementation (thoroughness of site-specific re- 
search, use of hydrologic modeling, degree of post-construction moni- 
toring, etc.). 

Of these four reasons that inputs for wetland projects may differ, two- 
ces in the physical product being 

produced, the target wetland. The other two reflect variation in how the wet- 
land is produced, or in what is needed to produce the wetlanck 

In both the primary and secondary databases, the type of project being 
carried out (creation, restoration, enhancement) has a stronger and more con* 
sistent influence on overall project costs than does the type of wetland being 
constructed. Costs apparently depend not so much on what you are produc- 
ing, as on what you are doing to produce it. A wide range of dissimilar pro- 
jects were lumped together in each wetland category. Required inputs for 
those projects vary widely depending on project goals, pre-existing site condi- 
tion, landscape context, regional environmental patterns, and local regulatory 
standards, and as a result, the costs of those projects ako vary widely. 

(2), above-reflect d 

It would require considerable additional effort to collect and verify 
enough additional cost data to fully sort through the effect of wetland type on 
average project costs. In our view, this effort would be of limited value unless 
specific questions are identified that can only be addressed in this way. This 
study has demonstrated that the per acre costs of apparently similar projects 
can differ significantly, easily by a factor of five or ten, but that costs for indi- 
vidual wetland projects can be forecast with acceptable precision if only a few 
basic facts about the project and the restoration or creation site are known. 
Our analysis suggests that cost adjustment factors based on simple indicators 
of site conditions (volume of soil to be moved, amount to be disposed of off- 
site, site access requirements, whether the site can be prepared and planted 
dry, etc.) can reduce cost-estimating error to within acceptable bounds. 

Appendix D is a copy of a spreadsheet that we developed to help esti- 
mate costs of wetland creation, restoration, and enhancement projects when 
project and site-specific information is available. It is based on site-specific, 
project-specific, and wetland-specific information. When a specific project is 
being evaluated, that spreadsheet or a similar engineering cost-accounting 
framework, is a far more reliable way to provide accurate cost estimates than 
relying on baseline cost estimates, and it is relatively inexpensive. 

2.4.4 Differences Between Primary and Secondary Data 

Costs of wetland projects in our primary database were almost double 
what they were for projects in the secondary data. The primary data represent 
projects designed with a reasonable commitment to both cost and quality, 
whereas the secondary data, collected from a wide range of historic sources, 
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reflects projects developed in a mitigation context where low cost projects 
have been allowed often with little regard for quality (see Chapter 4.0). In this 
sense, the difference in project costs between primary and secondary data pro- 
vides a rough estimate of the costs of increased quality. We believe that the 
secondary data may faithfully represent patterns of project cost that have held 
in the recent past. Relatively low cost projects, however, contributed signifi- 
cantly to the poor success rates of historical mitigation efforts, which have in 
turn resulted in new standards. We do not believe that the lower cost esti- 
mates drawn from our secondary data reflect the costs of wetland creation, 
restoration, and enhancement projects that will meet the standards of the fu- 
ture. 

2.4.5 Agricultural Conversions 

Federal agencies involved in programs to restore converted agricul- 
tural lands back to wetland (e.g., USDA Water Bank Program, Department of 
the Interior Small Wetlands Acquisition Program, Department of 
Agriculture's Wetland Reserve Program) have previously reported estimates 
of the cost of wetland creation and restoration. We used some of their re- 
ported data in developing the analysis of costs of agricultural projects. 
Although the agricultural conversion projects carried out under the auspices 
of these federal programs represent a significant portion of nationwide wet- 
land creation and restoration efforts, the costs of such projects are quite differ- 
ent from costs of projects carried out for mitigation. We believe there are sev- 
eral reasons for this. 

(1) Agricultural conversion projects usually involve restoring altered hy- 
drology (e.g., breaking drainage tiles or filling ditches), which is inex- 
pensive and often successful. Such projects are simpler than projects 
aimed at restoring structurally and biologically more complex wetlands 
that occur with greater frequency outside the farm belt. 

(2) Agricultural conversions usually do not face the complications of 
restoration and creation of wetlands in urban and suburban landscapes, 
precisely where wetland losses and the associated needs for mitigation 
are often the greatest. 

(3) Many agricultural conversion projects are carried out with the help of 
agency personnel and volunteers. The opportunity costs of labor and 
other contributions by these "unpaid" participants are sometimes in- 
completely reported. 

(4) Agricultural conversion projects, as we have used the term, include 
only those projects carried out outside of a mitigation context. Costs of 
complying with regulatory requirements (e.g., plant species composi- 
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tion or vegetative cover requirements) and costs of participating in 
regulatory processes are therefore minimized. 

2.4.6 High Cost Projects 

Our ary database conta a few records of exceptionalty high 
costs, including one case of restoration costs near $1.5 inillion per acre. 
However, limited investigation revealed that unusually high costs were usu- 
ally pushed up by extremely small project size (under one-half acre) or by ex- 
traordinary conditions at the restoration site (e.g., the need to blast through 
granite to attain an acceptable elevation). In many cases the selection of ex% 
traordinary sites appears to be the result of regulatory decisions, in particular, 
the regulatory preference for on-site rather than off-site mitigation. There are 
many reasons why on-site mitigation might be preferred to of€-site mitiga- 
tion, and we did not compare on-site and off-site alternatives to determine if 
there were significant cost differences. However, there were clearly cases 
where exceptionally large amounts of money spent on restoration may have 
been better invested if siting decisions were based on a search for more favor- 
able locations from the perspective of improving wetland or watershed func- 
tions rather than strictly adhering to the regulatory preference for on-site 
mitigation. 

2.4.7 Cost Implications of Regulatory Involvement 

Our findings on the relative costs of (nonregulatory) agricultural con- 
versions and mitigation projects suggest that regulatory involvement itself 
may increase the costs of wetland creation and restoration. Similarly, our lim- 
ited evaluation of the few very high cost wetland projects in our database 
suggest that, even within the mitigation context, regulatory policies and deci- 

, sions may affect project costs. These findings, however, must be interpreted 
with some care, as regulatory involvement affects not only the cost of cre- 
ation, restoration, and enhancement, but also the character of the services 
(design construction and monitoring) provided and, ultimately, of the prod- 
uct (the wetland) produced. 

2.4.8 Changes in Design 

Agricultural conversion projects carried out outside of a mitigation 
context usually involve little more than restoration of pre-disturbance hydro- 
logic conditions by destruction of the ditches and drain tile used to artificially 
drain land. Such an approach to wetland restoration, is considerably less rig- 
orous than would prove acceptable to most regulatory agencies. 

Most regulatory agencies are concerned about ensuring re-establish- 
ment of wetland conditions as rapidly as possible, working to see specific bi- 
otic communities become established on site, and trying to minimize risks of 
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project failure. A zordingl! many 
- .  

gencies require more intensive manage- 
ment of mitigation sites than thef would require of a non-mitigation restora- 
tion effort. In particular, mitigation projects must often meet specific perfor- 
mance conditions (e.g., plant survival or vegetative cover) by a certain time 
after construction. No such requirements are imposed on most wildlife en- 
hancement projects. 

Regulatory preferences for on-site mitigation may also increase the 
need for site preparation. To the extent that wetland creation or restoration at 
a specific location requires grading or hydrologic modification, costs will be 
increased. Many mitigation projects incorporate site grading, hydrologic mod- 
ification and extensive planting. For many of the projects in our primary 
database, these three activities represented a majority of project costs. These 
tasks also require considerable design and planning effort, with its associated 
costs. 

2.4.9 Changes in Implemeritation 

Even if regulatory involvement did not change the design and imple- 
mentation of a wetland restoration, regulatory involvement may be expected 
to increase project costs by imposing planning, documentation, and monitor- 
ing requirements that alter how a specific project is designed and carried out. 
Regulatory requirements for increased care and better documentation of 
plans, construction, and other activities bear additional cost, and, one hopes, 
carry some benefits in terms of reduced risks of failure and higher probability 
of producing desired wetland functions. 

Many agricultural conversion projects have essentially no design costs. 
Existing structures (drain tile and ditches) are simply eliminated, and the area 
that floods becomes wetland. In contrast, the area of many mitigation projects 
is often calculated precisely (often in square feet, not acres). Design details are 
worked out in detail long before any earth is moved or seedlings planted. 
Blueprints are rare for agricultural conversions, while several iterations of 
blueprints are routinely produced for mitigation projects before construction 
begins. 

After construction, mitigation projects are more likely than agricul- 
tural conversions to incorporate monitoring and follow-up practices such as 
annual vegetation surveys, photographs recording site conditions, and as- 
built project plans. Long-term maintenance activities and remedial actions to 
correct undesirable developments are also more likely with mitigation pro- 
jects. 
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2.4.10 Additional Costs 

Undoubtedly, participation in the regulatory process has certain costs 
that neither alter the final wetland project, nor affect how the project is im- 
plemented. Many mitigation projects are the result of extensive negotiations 
among the builder, his or her client, regulators, and other interested parties. 
The transaction costs associated with these negotiations and with regulatory 
compliance in general can be substantial. Meetings with regulators, construc- 
tion delays produced by permitting problems, and so forth, are costs of regula- 
tory decision making itself that are unlikely to bear direct environmental 
benefits. 

2.5 Regional Differences in Project Costs 

Substantial variation in per acre costs of typical wetland creation and 
restoration projects among different regions of the country are almost in- 
evitable. These regional cost differences are likely to arise as a result of several 
contributing factors, including: 

(1) Regional ecological and meteorological conditions. Climate and topo- 
graphic differences between regions lead to development of different 
natural wetland types, and thus different types of problems building 
and designing wetland projects. For example, different suites of unde- 
sirable exotic species invade wetlands in different regions, requiring 
different monitoring and control measures. 

Patterns of development and human use of the landscape. The land- 
scape context of wetland projects typically differs from region to region. 
These differences also pose contrasting problems for designers and 
builders of wetland projects in different regions. Urban, suburban, and 
rural development have significant hydrological and chemical conse- 
quences for adjacent wetland and waterways that must be taken into ac- 
count when creating or restoring wetlands. Different types of rural de- 
velopment (forestry vs. agriculture, mining vs. recreation) and even 
different kinds of agriculture (row crops vs. dairy) may also pose differ- 
ent problems and thus affect project costs. 

(3) RegionaI patterns of wetland loss. Historic patterns of wetland loss and 
typical present-day losses vary from region to region. Thus different re- 
gions of the country have distinct mitigation needs, as well as different 
opportunities for wetland restoration. 

(4) Local differences in  regulatory policies. Although the most important 
wetland regulatory program nationwide has developed under Section 
404 of the Clean Water Act, a federal law, significant differences in im- 
plementation of the act are found from district to district within the 
U.S. Army Corps of Engineers, which implements the law. State and 
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local laws may also affect both development of wetlands, mitigation of 
wetland losses, and applicable standards for both. These legal differ- 
ences may significantly alter project design. 

(5) Regional differences in labor, equipment, and material costs. The costs 
of specific engineering inputs differ from region to region, directly af- 
fecting both total project costs and the allocation of those costs among 
inputs and tasks. The availability of certain inputs may affect both pro- 
ject cost and performance. 

In order to get a better understanding of these and other regional phe- 
nomena, we carried out two regional case studies, one for the southeastern 
United States (including the states of Alabama, Florida, Georgia, Kentucky, 
Mississippi, North Carolina, South Carolina, and Tennessee), and a second 
focusing on the southwestern United States (California, Nevada, and 
Arizona). To develop the regional case studies, we combined four analytic 
steps. First, we collected appropriate information on regional climate, wet- 
lands, land use, and economic conditions. Second, we re-analyzed our pri- 
mary and secondary data to determine whether regional projects were typi- 
cally more or less expensive than projects elsewhere in the country. Third, we 
examined in detail projects in the primary database from each region to de- 
termine whether regional projects shared any common themes. Finally, we 
contacted wetland restoration and creation experts around the country to de- 
termine whether they were aware of important regional differences in project 
design or implementation that might influence per acre project costs. The re- 
sults of this regional analysis is provided in Chapter 5.0. 
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3.0 WETLAND COMPENSATION RATIOS 

To regulators responsible for managing wetland resources, determin- 
ing what constitutes appropriate mitigation for wetland losses is a centlral 
challenge. If compensation requirements are set too low, agencies. will fail to 
protect scarce wetland resources and the important functions and values they 
provide. If compensation requirements are set too high, the social and e m  
nomic costs of mitigation may be so high that there will be legal and legisla- 
tive challenges, poor compliance, and an undermining of public support for 
wetland regulation. 

Some regulatory programs address the problem of determining what 
constitutes appropriate compensation by using standard compensation ratios , 
which give the number of acres of created or restored wetlands required to 
make up for each acre of wetland originally damaged. Maine, Florida, and 
Maryland are among the jurisdictions that have taken this approach (Want 
1993). The federal program under 5404 of the Clean Water Act, however, does 
not rely on standard ratios. Instead, an Army Corps of Engineers-EPA 
Memorandum of Agreement (MOA) provides guidance for determining 
what may constitute appropriate compensation on the basis of a comparison 
of wetland functions and values. The MOA specifies that wetland mitigation 
should “strive to achieve a goal of no overall net loss of wetland values and 
functions.” Moreover, the MOA specifically requires that the assessment of 
what constitutes appropriate mitigation of wetland impacts should be based 
“solely on the values and functions of the aquatic resources impacted” and 
not on economic or other considerations. In principle, therefore, compensa- 
tion requirements under the federal program require a comparative analyses 
of the wetland functions and values expected from the proposed mitigation 
and those lost with the destruction of the original wetland. 

The relatively simple idea of comparing wetland functions and values 
is relatively complex in practice. Wetlands, as a form of natural capital, are 
valuable in ecological and economic terms because of the streams of func- 
tions, products, and services that they provide over time. Thus the value of 
any given wetland depends on the level and characteristics of the many func- 
tions it provides, it’s proximity to other features of the watershed and it’s ac- 
cessibility to human populations. Assessing the adequacy of compensatory 
mitigation involves comparing streams of wetland functions and associated 
values that would occur if the original wetland were not disturbed with the 
stream of functions and values provided by the proposed mitigation. This 
comparison depends on three critical factors: 

The relative level of sustained wetland function provided by the lost 
and the compensation wetland, which depends in part on the relative 
sizes of the two wetlands (the compensation ratio); 
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(2) The speed with which the created or restored wetland reaches a sus- 
tained level of function; / 

(3) The risk of compensation failure, or more generally, the uncertainty 
about the level of wetland function the compensation project will pro- 
vide. 

By combining these factors into a single analytical framework, we have 
produced a method of quantitatively assessing whether the trade off between 
wetland quality and wetland area under a proposed mitigation plan results in 
no overall loss of wetland value. The version of the model presented here 
does not take into account multiple wetland values and therefore, it is most 
appropriate when a single wetland value is of overriding management inter- 
est. An expanded version of the framework requires a procedure for weight- 
ing the importance of various wetland functions on the basis of socio-eco- 
nomic values, ecological significance, watershed goals or some other criteria. 
The version we present here is intended to illustrate the ideas underlying the 
model (see Appendix C for a more complete description of this model). 

The conceptual basis for the analytical framework is depicted in Figure 
3.1. Destruction of its original wetland leads to a loss of 100% of the wetland 
functions and values. At some time To, a compensatory wetland is created or 
restored. The per acre environmental functions provided by the’/compen- 
satory wetland is at level A, the level of value provided at the mitigation site 
in the absence of any mitigation and climbs gradually over a period of C years 
to a maximum level at B. A and B are both measured as a percent of the per 
acre value of the original wetland and reflect the level of function at the miti- 
gation site before and after the mitigation project. 

The cross hatched rectangle below the line at A in Figure 3.1 represents 
wetland value that would have existed at the compensatory wetland site even 
in the absence of mitigation activity. Thus the dotted area above line A and 
below the recovery curve represents the net increase in wetland value at the 
compensation site due to mitigation. The area of that area, a polygon, reflects 
the total increase in relative value caused by construction of one acre of the 
compensatory wetland. To estimate an appropriate compensation ratio, one 
needs to compare that area with the entire area below the line at loo%, which 
reflects the decline in value of the original wetland. The ratio of these two ar- 
eas, the value provided by the mitigation divided by the value lost with the 
original wetland, reflects the loss of wetland value with acre-for-acre mitiga- 
tion. The inverse of that ratio, therefore, reflects the compensation ratio that 
would result in no net loss in wetland value. 

A more refined estimate can be developed by (1) taking into account 
time discounting (the reduction in the perceived importance of values that 
will not be received for many years), (2) the risk that a wetland creation or 
restoration project will not perform as well as expected, and (3) the possibility 
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that mitigation may be carried out either before or after the loss of the original 
wetland. Incorporating these refinements into the model produces an equa- 
tion that estimates the compensation ratio in such a way that the lower qual- 
ity of the compensatory wetland is balanced by its increased area. 

Compensatim Madel 

I T 
0 max 

T 

Time 
Figure 3.1. A Simple Wetlands Compensation Model. 

For discrete time, the appropriate compensation ratio can be calculated 
using the following formula: 

J (C-D)+l 

where the symbols have the following meanings: 

R 

A: 

The smallest compensation ratio that assures no loss of (time dis- 
counted) wetland values; 

The level of per acre wetland function at the compensation site prior 
to the compensation project, expressed as a proportion of the value of 
the original wetland; 
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B: 

c 

D 

E: 

r =  

The maximum acre-by-acre level of wetland function the compensa- 
tion project will reach, expressed as a proportion of the per acre value 
of the original wetland; 

The year after construction of the compensation project that it 
achieves maximum function; 

The number of years before destruction of the original wetland (at 
time t=O) that construction of the compensation project occurs 
(negative values represent delayed compensation); 

The estimated chance that the mitigation project will fail and provide 
substantially fewer environmental benefits than anticipated; 

The discount rate (the 7% recommended by OMB or other value); and 

T,: The time horizon used for planning purposes. (At r=7%, present 
value is negligible beyond t=70 years). 

The equivalent continuous time model is analytically more tractable, 
although it is arguably less realistic, since real wetlands typically are strongly 
seasonal. The formula for the compensation ratio that balances gains and 
losses of wetland function is 

re( 1 - ) 
(1 - E)( B - A)[ erD (1 - e-&) - rCe-rT.U ] R =  

where parameters are defined as above, and e is the base of the natural loga- 
rithms. As shown in the following equations, the compensation ratio, R be- 
haves appropriately in the limits as r, the discount rate approaches zero, and 
as T,,, the time horizon, increases without bound. 

(3) 

(4) 

(5) 

max 

C 
- 2  

lim R = 
r-0 (1 - E)( B - A)[2 T - - + D] 

re 
(1 - E)(B - A)erD(l - e-&) 

lim R =  
T-- 

#O. 

1 
(1 - E)( B - A) 

limR =- 
T,, + ~ J + O  

Table 3.1 shows some calculated compensation ratios based on the 
discrete time version of the model. The first three examples show the effect 
on compensation ratios of delaying or advancing the compensatory wetland 

29 



King and Bohlen Costs Of Wetland Restoration 

project. The next group indicate how predexisting wetland values or 
compensation for loss of a degraded wetland would affect the compensation 
ratio. The final group of examples shows the effect of a significant risk of 
failure on compensation ratios. 

The last of these examples is especially significant. It shows the 
substantial reduction in compensation ratios that may result from advanced 
compensation when risks of failure are significant. Since a substantial portion 
of mitigation failures can (1) be detected, and (2) be corrected within a year or 
so of initial construction, advanced compensation allows the permittee to 
manage those risks, and present regulators with a compensation project with 
a substantially lower risk of long term failure. That reduction in risk, when 
coupled to the additional reduction caused by the timing of availability of 
wetland values, results in a substantial reduction in compensation 
requirements. Under these circumstances, advanced mitigation-lower 
mitigation requirements-could outweigh the economic costs of tying up 
investment capital. This could bed important, for example, in evaluating the 
economics of wetland mitigation banking. 

Table 3.1 Some Calculated Compensation Ratios for a Variety of 
Hypothetical Compensation Scenarios, (based on the discrete 
time model described above) 

COMPENSATION 
RATIOS 

Parameters Discount Rate 
A B  C D E  0 0.05 0.1 0.2 

Concurrent Creation 0 0.7 10 0 0 1.43 1.82 2.26 3.3 
Advanced Creation 0 0.7 10 5 0 1.43 1.41 1.37 1.22 
Delayed Creation 0 0.7 10 -5 0 1.43 2.33 3.73 8.98 

Concurrent Res toration 0.1 0.7 10 0 0 
Original Wetland Degraded 0 1.4 10 0 0 
Concurrent Enhancement 0.5 0.7 10 0 0.2 

1.67 2.12 2.64 3.86 
0.71 0.91 1.13 1.65 
6.25 7.94 9.89 14.5 

Difficult Creation 0 0.7 10 0 0.5 2.86 3.63 4.52 6.61 
Very Difficult Creation 0 0.7 10 0 0.75 5.71 7.26 9.04 13.2 
Same, Advanced and Risk 0 0.7 10 5 0.2 1.79 1.77 1.71 1.52 
Adjusted 
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4.0 ECONOMICS OF WETLAND RESTORATION AND MITIGATION 

This report focuses primarily on the costs of wetland creation and 
restoration. Cost information, however, is of little value unless it can be dis- 
cussed in a broader economic and environmental context. In this section, we 
summarize some of the broader issues related to the economics of wetland 
creation and restoration. 

4.1 The Market for Wetland Restoration 

Recent surveys confirm that restoration projects undertaken to meet 
mitigation requirements under Section 404 of the Clean Water Act had 
extraordinarily high failure rates, over 50% in Florida, California, and the 
mid Atlantic states. (See Want 1993) These high failure rates are often used as 
evidence that restoration science is failing. What is rarely reported with the 
evidence of mitigation failure; however, is the fact that in most cases, the 
causes of these failures are known-bad plans, poor execution, lack of follow- 
up, and so on. In fact, in both Florida and the Mid-Atlantic region, many 
historical mitigation "failures" occurred because planned projects were never 
undertaken. Analyzing the records of some projects that were undertaken re- 
veals a similar lack of commitment. For example, at some sites once one 
excluded the cost of land and the cost of engaging in the 404 permitting 
process itself, the amount of money devoted to actual restoration activities 
(e.g., hydrological testing, earth moving, planting) was as low as a few 
hundred dollars per acre. In general, the records of low costs and high failure 
rates, are two sides of the same coin and reveal less about the state of 
restoration science than the motivation of those providing restoration. 

4.2 Underlying Incentives 

Wetland restoration is an applied science; but the historical record of 
wetland restoration projects has been influenced to a significant extent by the 
fact that providing wetland restoration is also a business. With few exceptions 
those who design and implement wetland restoration projects earn their 
livelihoods satisfying the needs of permit seekers involved in the Section 404 
wetland permitting program. This mitigation market is driven primarily by 
demand for low cost permits, not the production of high quality wetlands. 
There are certain scientific limitations, but high failure rates for these 
projects, in general, were the result of underfunded, badly planned, and 
poorly executed restoration efforts which were themselves the result of the 
perverse incentive structure that evolved in the mitigation market that 
served the needs of Section 404 permit seekers. The problems had to do with 
institutional and market limitations, not scientific limitations. 
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4.3 Institutional or Market Failure 

It would be easy to blame poor incentives and mitigation failure on the 
wetland mitigation market itself. However, the mitigation market, like most 
markets, was, in fact, extremely effective at providing what was in demand- 

dinary about this market was that 
(mitigation suppliers) had strong 

incentives to be price conscious but hardly any reason to be quality conscious. 
The regulators should have been responsible for imposing quality control but 
apparently did not exercise enough authority to link permit approval with 
mitigation results. Without such a link, those demanding and supplying 
mitigation had little incentive to spend what was necessary to provide high 
quality restoration; thus low costs and high failure rates. This basic problem 
was exacerbated by (1) the fact that until recently permit approval sometimes 
depended only on a promise, often unsecured, to construct mitigation, and (2) 
the fact that enforcement actions to ensure that permitees complied with 
mitigation agreements were rare. 

tion. What was extr 
seekers) and selle 

For purposes of cost analysis the important point is that the cost records 
of past mitigation projects generally reflect the cost of low quality, low cost 
projects and therefore offer a biased perspective on the cost of high-quality 
wetland restoration. However, as more attention is given to the use of 
incentive-based and market-based strategies for achieving wetland and other 
environmental goals, there may be more important lessons to be learned 
from this example of how and why environmental trading systems can fail to 
achieve hoped-for results.' 

4.4. Conclusions About the Economics of Wetland Restoration 

On the basis of our analysis of cost data for wetland creation and 
restoration projects and a review of what is known about the success of these 
projects and the economic and regulatory conditions under which they were 
undertaken, we reached the following general conclusions: 

Restoration success depends on the level of spending on restoration 
and the motivation of the restoration provider, as well the state of 
restoration science and site-specific conditions. 

1. The hope that mitigation banking will improve the success of wetland mitigation is an 
important example. The role of regulations in establishing the trading rules and incentives 
for trade in wetland mitigation banks, and the resulting effects on mitigation decisions are 
described in Shabman, L., P. Scodari, and D. King. 1994. Expanding Opportunities for 
Successful Wetland Mitigation: The Private Credit Market Alternative. Report prepared 
for the U.S. Army Corps of Engineers Water Resources Institute, Fort Belvoir, VA. 
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Historically low restoration costs and historically low success rates for 
non-agricultural restoration projects reflect as much the failure of 
regulators to demand results as the failure of restoration science to 
provide results. 

Because conditions in mitigation markets-the rules of exchange and 
units of exchange-are determined by regulators, they can control the 
incentives that determine how mitigation suppliers make cost-quality 
tradeoffs. 

The development of wetland restoration as a n  applied science and as a 
policy tool will depend on how well regulators manage the incentives 
in mitigation markets. 

Site-specific differences can cause the cost of apparently similar projects 
to differ significantly, sometimes by a factor of five or ten. However, 
predictability and reliability increases substantially if only a few basic 
facts are known about the restoration site. So far our analysis suggests 
that cost adjustment factors based ' on simple indicators of site 
conditions can reduce cost estimating error to within acceptable 
bounds. 

The physical characteristics and geographic scale of agricultural 
conversion projects and projects undertaken as mitigation for wetland 
losses differ significantly. Even reliable information about the costs of 
agricultural conversions is of limited value when assessing the 
potential of restoration within the context of regulatory policy. 

Wetland restoration is an emerging field of applied science with very 
few engineering or performance standards, and the range of skills and 
experience among restoration specialists is enormous. This is reflected 
in a wide range of costs and success rates for most types of restoration 
projects. 
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5.0 

5.1 

SPECIAL REGIONAL PROFILES 

Special Regional Analysis-The Southwest 

5.1.2 Regbni$ climate, Ec9lo63, e . d  Wetlands 

The southwestern United States, including the states of California, 
Nevada, and Arizona is characterized by great geographic, climatologic, and 
ecological diversity. Climate varies from the cool Mediterranean climates of 
northern California and the montane climate of the Sierras to the cool desert 
of Nevada’s Great Basin, and the warm desert climates of the Mojave and 
Sonoron deserts. This climatological diversity is reflected in wide ecological 
variation across the region, as well as in a diversity of wetland types. 

Precipitation throughout the region is either rare and episodic or 
strongly seasonal. Rainfall is most abundant (and most predictable) in the 
northwest, with both quantity and predictability decreasing toward the south- 
east. MediteSranean climates throughout much of California (with cool, wet 
winters and warm, dry summers) ensure that the soil moisture and surface 
water on which wetlands depend are also strongly seasonal, except in north- 
western forests where coastal fogs and orographic precipitation maintain rela- 
tively high soil moisture levels throughout much of the year. 

In the Great Basin to the East, precipitation is generally lower (Reno, 
Nevada averages 7.64 inches of rain a year, but precipitation on mountain 
ridges may be several times that), and somewhat unpredictable, although typ- 
ically concentrated in the winter snowfall and to a lesser extent in torrential 
summer rains. Surface waters in the Great Basin do not flow to the sea, but 
instead drain locally to desert lakes, playas, and sinks. Year-to-year variation 
in precipitation is large, causing substantial interannual variation in water 
depth in many of the lakes, rivers, and wetlands within the basin. 

In the warm deserts to the south and east, rainfall is concentrated in 
late summer thunderstorms, although a secondary rainfall peak sometimes 
occurs during the winter. When rainfall comes, it often is brief and intense, 
producing flash floods, which in turn produce geomorphically distinct desert 
streams with their diagnostic riparian vegetation. 

Because of low and highly seasonal rainfall throughout much of the 
region, riparian wetlands (sensu Zato) are especially important. River and 
stream systems collect water from large areas, import water from places with 
higher precipitation, or transport it from areas of large snow accumulation. 
They are islands of moisture in arid or seasonally arid landscapes and thus are 
associated with most of the regions perennial water and wetlands. Small, iso- 
lated wetlands are uncommon, except on the western slopes of mountain 
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ranges, where orographic precipitation is significant. Elsewhere, isolated wet- 
lands tend to be ephemeral, appearing after rain events only to ‘quickly evapo- 
rate, sometimes for years at a time (e.g., vernal pools, playas, and saline lakes). 

The other major group of perennial wetlands in the region are the 
coastal wetlands of California. Because of the regions’ active geology and asso- 
ciated uplifting, much of the California coast is steep and rocky, with few shal- 
low areas in which coastal wetlands could develop. Historically, therefore, 
coastal wetlands were concentrated in estuaries and embayment, especially 
San Francisco Bay. 

Endangered species are significant components of wetland ecosystems 
throughout the region, for a variety of reasons. 

Because of many thousands of years of evolution in isolated aquatic 
habitats, a relatively large number of endemic species are found in wet- 
lands and other aquatic habitats in desert regions of the Southwest. As 
human activity has altered the hydrology of desert springs and major 
river systems, the endemic species that depend on them have declined, 
in many cases becoming endangered or threatened. 

In Nevada’s Great Basin, extensive Pleistocene lakes were replaced by 
much smaller water bodies as evapotranspiration began to outstrip pre- 
cipitation. Once interconnected populations of aquatic organisms have 
become fragmented as the lakes shrank. Aquatic refugia within the 
basin are often saline and hot, presenting an especially harsh envi- 
ronment for small aquatic organisms. Strong selection, isolation, and 
thousands of years have produced several groups of relatively young 
endemic species, sometimes adapted to very specific harsh environ- 
mental conditions. 

High degrees of endemism are also found throughout much of 
California, apparently the result of biogeographic isolation provided by 
surrounding mountains and deserts. Here too, as human activity as de- 
stroyed most of the state’s wetlands, and as the region’s appetite for wa- 
ter has grown, species dependent on wetlands and other aquatic ecosys- 
tems have been hit especially hard. 

5.1.2 Wetland Losses 

Estuaries and river basins have been favored areas for human settle- 
ments since before the development of writing. The availability of water for 
transportation, drinking, irrigation, and removal of wastes makes riparian ar- 
eas and coastal estuaries especially attractive areas for human settlement. 
These areas are especially attractive in arid landscapes, in which water is rare 
or seasonally unavailable. Thus human settlement in arid regions tends to 
focus around water courses, wetlands, and coastal embayments. Indeed, the 
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impacts of humans on the wetlands of the Southwest have been substantial. 
Significant wetland losses occurred very early in the European settlement of 
the region. 

By the mid 1 9 8 0 ~ ~  wetland losses throughout the region were substan- 
tial. California had lost 91% of its original wetland inheritance (more than 
any other state) Arizona had lost 36%, and Nevada, 52% (Dahl 1990). While 
the losses in the desert states are at or below the national average, the losses 
are notable for two reasons. First, population densities over most of these 
states are very low (the majority of the population lives in a few urban areas). 
Thus, relatively small rural populations have caused significant wetland 
losses. Second, these states originally had relatively low percentages of their 
surface area as wetland (1.3% for Arizona, 0.7% for Nevada, 4.9% for 
California), thus wetlands were never widespread, and continued losses have 
made them even less so. 

Agriculture, irrigation, and massive water projects have taken their 
toll on wetlands throughout the region, not only by directly eliminating wet- 
lands, but also by degrading those that are left. Large water projects have 
flooded extensive riparian areas, removed large quantities of fresh water from 
river flows throughout the region, thus drying out many riparian wetlands, 
altering the timing and severity of peak stream flows, and otherwise changing 
hydrologic and sediment transport characteristics of the region’s rivers and 
streams on which remaining wetlands depend. Development of riparian ar- 
eas for agriculture has been extensive throughout the region; these areas were 
relatively flat, close to water, and easily irrigated. Irrigation return flows have 
significantly altered the ecology of rivers and other surface waters by increas- 
ing concentrations of dissolved solids in river water. These arid-land impacts 
to wetlands and surface water are in addition to the more widespread prob- 
lems of nutrient enrichment, sediment loading, and toxic discharges associ- 
ated with human activities throughout North America and the world. 

Major wetland losses in California have occurred in the Central San 
Joaquin and Sacramento river valleys (Herbold and Moyle 1989) and in the 
San Francisco Bay region (Josselyn 1983). In the San Joachin-Sacramento river 
delta, many of the natural freshwater wetlands have been levied and drained 
for agriculture. The first such levees were constructed as early as 1852, and the 
60 largest delta islands had all been converted to agricultural use before the 
turn of the century. Small but widespread vernal pools once found through- 
out California’s central valley were often leveled or plowed, leading to the 
endangerment of many typical vernal pool inhabitants. 

Early losses of coastal wetlands in the San Francisco Bay region were to 
agriculture, but losses to urban and industrial uses also began early. Many 
former wetlands and mud flats of northern San Francisco, San Pablo, and 
Suisun Bays were diked before the turn of the century for agricultural pur- 
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poses, especially grazing. Many still provide fodder for local dairies. Land 
speculation and inaccurate surveys helped drive the filling of wetlands in 
port and urban areas. Whole communities along the coast of San Francisco 
Bay are built on wetland fill. The tidal marshes of the southern San Francisco 
Bay area are naturally more saline than those in the north, and less suitable 
for agriculture. However, many of the marshes and mud flats there were 
diked for salt evaporation ponds. The first local salt production occurred in 
the 1850s. By the middle of this century, few natural marshes were left in the 
southern bay. 

Major wetlands losses in the desert states have been more widely dis- 
tributed, in part because wetlands were more widely distributed. Wetland 
losses have been the result of agricultural development, diversions of surface 
water, and pumping of groundwater (Minshal et al. 1989). Direct wetland 
losses to urban development are predominately a recent phenomenon. 

5.1.3 Regional Economic Conditions 

California’s economy is large and diverse. Recent downturns in the de- 
fense and areospace industries, however, and a series of natural disasters 
have hit California hard, and the state remains mired in recession despite the 
national economic upswing. Southern California, long a center for aerospace 
and military contracting, has been especially hard hit. The Los Angeles area 
accounted for approximately half of the jobs lost in the state during the height 
of the recession. Property values, extremely high five years ago, have declined 
by as much as 50% over the last few years, most significantly in southern 
California. California housing and construction industries are still in a 
slump, reducing short-term pressure on the State’s wetlands . 

Paradoxically, the recent Los Angeles earthquake may help pull 
California out of its recent economic malaise by forcing households and busi- 
nesses to invest in rebuilding rather than making other investments out-of- 
state. The housing and construction industries, in particular, are expected to 
get a boost as earthquake victims rebuild. The influx of federal assistance to 
the region, along with the multiplier effect of the increase in construction ac- 
tivity may trigger an economic resurgence and development throughout the 
region. The effect of these investments on the region’s wetland resources, 
however, remain unclear. Much will depend on the extent to which new 
construction on previously undeveloped land replaces or is spurred along by 
the redevelopment of areas damaged by the quake. 

The economic recovery was not as slow in coming to Arizona and 
Nevada. Arizona and Nevada have grown rapidly over the last decade or so. 
The two states have taken part in sunbelt growth made possible by the devel- 
opment inexpensive air conditioning and large water projects. While retire- 
ment, tourism, and recreational development have been important to growth 
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in both states in the recent past, both states are making an effort to-attract 
manufacturing industries as well. Most recent growth has occurred in and 
around major urban areas, a trend that is likely to continue, and has been as- 
sociated with large-scale land development rather than high density devel- 
opment. This has put increasing pressure on wetlands.and other ,features of 

5.1.4 Characteristic Wetland Projects of the Region 

Characteristic wetland creation and restoration projects in the south- 
west United States are determined, in part by the meteorological and ecologi- 
cal conditions in the region, and in part by the limited opportunities that exist 
for restoration and the high demand for mitigation sites. The need for wet- 
land mitigation, by ‘definition, is tied to the level of development activities 
that harm wetlands. The politics of water projects have changed dramatically, 
and it appears that the future will bring few massive, federally subsidized wa- 
ter projects, which will limit wetland impacts from water projects. The 
swampbuster provisions of the 1985 and 1990 Farm Bills, the wetlands reserve 
program, and changing priorities in agricultural programs generally are likely 
to continue a ‘nationwide trend away from destruction of wetlands for agricul- 
ture. Urban development and associated highway and utility construction, 
however, in general keeps pace with development, and is likely to accelerate 
as the current economic recovery expands throughout the Southwest. 

All three states have very low percentages of their land area in wet- 
lands (0.4% in California, 0.8% in Arizona, 0.3% in Nevada), which in princi- 
ple should make avoidance of wetland impacts easier than in states with a 
higher percentage of the land in wetland. However, many of the region’s 
metropolitan areas are near rivers and the sea, so much wetland develop- 
ment will continue to be in areas with higher than average concentrations of 
wetland. Many wetland impacts will come from linear projects like road and 
utility construction which must cross waterways in order to fulfill their basic 
purpose. Demand for mitigation may also be increased by endangered species 
impacts, some of which will be mitigated through creation or restoration of 
wetland. 

Restoration outside of the context of mitigation is likely to remain less 
common in the southwest than elsewhere in the country. Regional demand 
for water withdrawn from rivers and stream systems for human uses has 
grown explosively over the last several decades. Reserving water from hu- 
man distribution for environmental purposes will prove expensive, legally 
difficult, and politically unpopular. However, without available water, 
restoration of many former wetland areas will be difficult or impossible, and 
those restoration projects that are possible will be relatively complex and ex- 
pensive. The Southwest has relatively few opportunities to pursue the kind 
of inexpensive agricultural conversions that have proven so successful in the 
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Midwest. In northern California, and along the coast, where restoration is not 
hindered by a lack of water, property values are high, and many degraded or 
converted wetlands are in profitable use for agriculture or salt evaporation. 
Acquiring permission to restore wetlands on these lands, or outright acquisi- 
tion of restoration sites in these areas are likely to be expensive. Restoration 
and enhzncement projects outside the context of mitigation is likely to con- 
tinue to focus on lands held by local, state, or federal governments, ar,d on ri- 
parian restorations that can be carried out without removing large areas of 
land from existing profitable uses. 

Regional climate conditions and the history of human use of the land 
combine to make typical wetland creation and restoration projects through- 
out the Southwest unusually complex, and therefore expensive. The regional 
context for wetland restoration in the Southwest can be summarized as fol- 
lows: 

(1) Wetland creation and restoration projects in the region face unusual 
technical challenges because of a lack of available surface water. Careful 
planning, engineering, and construction are often necessary to ensure 
simultaneous compliance with storm water management require- 
ments and provision of adequate water supplies for the wetland itself. 

(3) 

(4) 

Many wetland creation and restoration projects are undertaken, in part 
to satisfy requirements for mitigation of losses of endangered species 
habitat (e.g., the San Diego Mesa Mint, Light Footed Clapper Rail, and 
Least Bell's Verio). Endangered species compliance increases project 
complexity, as well as monitoring and follow-up costs and greatly in- 
creases project costs. 

The concentration of wetland impacts in and around urban areas also 
increases project complexity. Creation or restoration of natural or semi- 
natural wetlands in or near urban centers is especially challenging. 
While this is especially true of freshwater wetlands, for which provi- 
sion of appropriate hydrologic conditions may be impossible in an ur- 
banized watershed, an urban context also increases the difficulty of tidal 
restorations and limits the ability to restore populations of plant polli- 
nators, predators, and other key ecosystem links. 

Project complexity may also be increased by the preponderance of ripar- 
ian wetlands in the desert parts of the region. Riparian restorations can 
be expensive because of the complex engineering sometimes required 
to ensure stable channels in flowing water systems. Restoration of low- 
flow wetland systems seldom requires as much engineering expertise 
flood-prone riparian systems. Unfortunately, it is difficult to compare 
the costs of riparian restorations and typical wetland restoration, since 
the size of riparian restorations is more appropriately measured by lin- 
ear stream length and stream discharge, rather than area. 

39 



King and Bohlen Costs Of Wetland Restoration 

(5) Where restoration of coastal wetlands is undertaken, simple plantings 
are seldom sufficient. Restoration efforts often must take into consid- 
eration extensive hydrologic modifications that have occurred in the 
Southwest over nearly 150 years of development activity in the re- 
gion's wetlands. A majority of the restoration and enhancement pro- 
jects from the region in our Primary database included substantial hy- 
drologic modification, such as installation of culverts, re-establishment 
of tidal guts, and so on. 

Project costs throughout much of the region are also be inflated because 
labor and equipment costs tend to be higher than those found in the 
rest of the country. Construction costs in 12 California cities, as well as 
in Reno and Las Vegas, Nevada, are slightly above the average for cities 
nationwide (Means Landscape Cost Data 1991). The construction cost 
differential in California varied from 7% above average in Vallejo to 
25% above average in San Francisco. In Las Vegas and Reno, construc- 
tion typically costs 3% and 4% higher than the national average, respec- 
tively. Construction costs in Arizona are 8% (Tucson) or 9% (Phoenix) 
below national averages. 

5.1.5 Analysis of Region-Specific Data 

5.1.5.1 Prima y Data 

Our Primary database contains 32 projects from the southwestern re- 
gion, all from California. Approximately half of these projects are from 
southern California and half from northern California. Projects from the 
south were primarily intended to produce wooded wetland habitat for the 
Least Bell's Verio, but we also have data for a vernal pool creation project and 
a few other emergent wetland projects. Northern California projects were 
more diverse, including riparian restorations, and complex wetland en- 
hancement projects in estuarine-palustrine wetland complexes along the San 
Francisco Estuary. 

An analysis of covariance was used to determine whether wetland cre- 
ation and restoration projects in our Primary Data from California were dif- 
ferent in cost from similar projects elsewhere in the country. They were. 
Wetland projects in California were approximately double the cost of similar 
projects elsewhere in the country (the ANCOVA Table is presented in 
Appendix A). A more complete analysis, adjusting for wetland project type 
(creation, restoration, enhancement), shows a slightly larger cost difference. 
California projects are about 2.3 times as expensive as projects elsewhere in 
the country (ANCOVA table not shown). 
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Primary Data: Southwest vs. Other Regions 
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Figure 5.1. Primary data-Southwest. 

5.1.5.2 Seconda y Data 

Of our sample of 397 projects (excluding agricultural conversion pro- 
jects), forty-six were located in the Southwest region. All but two were from 
California. Of the 46 projects, 20 were wetland creation projects, while 5 were 
restoration, 5 enhancement, and 2 mixed projects. We could not determine 
project type for the remaining 14 projects. The frequency of wetland creation 
projects in this sample is lower than in the rest of the database (by chi-squared 
test, X2 = 15.647, p=0.0013). Projects in the southwest were substantially larger 
than projects elsewhere in the country (t-test on log-transformed project sizes, 
t=4.034 p= 0.0001). The analysis of covariance showed no significant differ- 
ences in per acre project costs between projects in the southwest and those 
elsewhere. 
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Secondary Data: Southwest vs. Other Regions 
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Figure 5.2. Secondary data-Southwest. 

5.2 Special Regional Analysis-The Southeast 

5.2.1 Regional Climate, Ecology, and Wetlands 

The southeastern United States, including the states of Alabama, 
Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, and 
Tennessee, includes some of the states with the highest natural abundance of 
wetlands in the nation. Florida, with the extensive wetlands of the Everglades 
ecosystem, as well as hydric hammocks, coastal mangroves, salt marshes, and 
riverine cypress-tupelo swamps, is estimated to have been 54% wetlands at 
the time of European settlement. Adjacent Georgia and Alabama were about 
18 and 23% wetlands respectively. 

The region receives abundant rainfall distributed throughout the year. 
Some seasonality of precipitation is found throughout the region, with win- 
ter storms and summer thunderstorms providing somewhat increased rain- 
fall. In Florida, however, precipitation is heavily concentrated in the summer 
months. Temperatures vary according to elevation and proximity to the 
ocean from cold-temperate in the northwestern mountains to subtropical in 
south Florida. Seasonal temperature fluctuations are greatest in the north, de- 
creasing to the south and east. A general excess of annual precipitation over 
evapotranspiration ensures that isolated wetlands are common wherever ge- 
ologic or pedogenic processes have produced local topographic lows or where 
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ground water reaches the surface, as at the bases of slopes and adjacent to 
streams. 

The geography of the region is dominated by low mountains inland, 
with extensive sedimentary and marine deposits toward the coasts. The low, 
flat coastal plain sediments provide ideal areas for the development of exten- 
sive wetlands, both tidal and non-tidal. A general lack of topographic relief 
means that there is little hydraulic gradient, and water takes a long time to 
run off the land. Low gradient coastal streams and rivers have extensive 
floodplains that support two of the most widespread and recognizable wet- 
land types in the region, the cypress-tupelo and bottomland hardwood forests. 
Low coastal relief also facilitates the extension of tidal influences many miles 
inland, increasing wetland development many miles from the coast. Tidal 
wetland development has also been facilitated by widespread barrier islands 
along the coast. The sheltered lagoons inland of the islands provide excellent 
conditions for tidal wetland development. 

The southeastern region, except for Florida, supports fewer endangered 
and threatened taxa than California and the Southwest. Florida, however, 
contains more than its expected share of endemic and rare species. The sub- 
tropical climate of southern Florida makes it the northernmost outpost of 
many tropical taxa, while the biogeographic isolation provided by the state’s 
peninsular shape encouraged evolution of endemic taxa to accommodate lo- 
cal conditions. The survival of many of these taxa into the twentieth century 
undoubtedly owes much to the state’s extensive wetlands, which increased 
the states inaccessibility in the days before air conditioners, mosquito control, 
and highways. Other states in the region are not unusually endowed with en- 
demics or rare species, although the region includes the headwaters of several 
important river systems, and may represent a center of endemism for several 
freshwater taxa. 

5.2.2 Wetland Losses 

Historic wetland losses throughout much of the region have been near 
50%, about typical for the nation as a whole (Alabama So%, Florida, 46%, 
Mississippi SO%, North Carolina 49%, Tennessee 59%). In Tennessee, wetland 
losses have been somewhat greater. Eighty one percent of the wetlands of the 
state had been lost by the mid 1980s (Dah1 1990). Losses in Georgia and South 
Carolina have been somewhat smaller than elsewhere, with losses in South 
Carolina of 27% and in Georgia of 23%. 

Wetland losses of the region have occurred as a result of a complex mix 
of agricultural development, coastal dredging, urban and suburban develop- 
ment, and industrial use. Disruption of coastal wetlands began in colonial 
times, especially around urban centers where direct conversion of wetlands to 
urban land and indirect destruction of wetlands via sedimentation and hy- 
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drologic alterations were common. Emergent marshes near urban centers 
were undoubtedly among the first to be used for grazing and other agricul- 
tural purposes. Extensive areas of eastern saltmarsh were diked by slave labor 
in the nineteenth century for rice agriculture; however, the end of the civil 
war and the decline of the plantation culture and slave economy lead to 
abandonment of much of the rice land, and reversion of many of these areas 
to wildlands similar to the original tidal marshes (Wiegert and Freeman 1990; 
Odum et al. 1984). Many wetland forests that harbored populations of valu- 
able timber trees like the Atlantic White Cedar were cut over early in the re- 
gion’s history, significantly altering species composition, but conversion of 
wetland to non-wetland because of forestry practices was uncommon. 

Wetland losses in Florida follow a similar pattern to losses elsewhere 
in the region, except that a higher proportion of the state’s wetland losses 
track Florida’s twentieth century emergence as a retirement haven and vaca- 
tion spot. During the nineteenth century, much of the state was inaccessible, 
too wet even for most agricultural uses, and difficult to drain. Large scale hy- 
drologic modifications in south Florida began late in the nineteenth century. 
Broader, government-sponsored reclamation efforts in south Florida when 
Governor Broward pushed for expanded state efforts to convert wetland for 
agriculture beginning in 1905. Federal involvement in flood control efforts 
expanded in 1930, and again in 1948, and continued until the early 198Os, 
when concern for the environmental consequences of the extensive hydro- 
logic changes began to affect management of the Everglades ecosystem. In ad- 
dition to the direct wetland losses caused by these large-scale hydrologic modi- 
fications, each modification also triggered rapid development as previously 
unsuitable lands became drier, less prone to floods, or easier to drain. With 
rapid development of the Florida landscape came equally rapid destruction of 
the wetlands. Between the mid-1970s and 1980s (well after many of South 
Florida’s water management structures were completed), approximately 1.5% 
of Florida’s remaining wetlands were lost, primarily to agriculture and urban 
expansion (Frayer and Hefner 1991). 

5.2.3 Regional Economic Conditions 

Economic growth in the Southeast has been uneven. Some regions, 
notably the Atlanta region and much of Florida have enjoyed rapid growth 
and robust economies (Forrestal 1993). Elsewhere, and by some measures for 
the region as a whole, economic performance has been poor. Poverty is rela- 
tively widespread, and disposable incomes relatively low in much of the re- 
gion. On the other hand, the region was relatively quick to respond to the 
current nationwide economic expansion, with job growth faster than that 
found in the nation as a whole in the later parts of 1992. That performance is 
expected to continue. While locally important, defense is not a mainstay of 
the regional economy, and thus long-term repercussions of defense cutbacks 
in the region should be mild. Regional strength in timber, furniture, and ap- 
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pliance manufacturing should help the regional economy grow in response to robust 
housing markets nationwide triggered by low mortgage interest rates. 

This economic growth can be expected to lead to on wetland impacts. Birth 
rates in the region are below national averages, but population growth through the 
1980s was above national average in the Atlantic states (NC, SC, GA, FL) and at or 
below the national average for the gulf and inland states (KY, TN, AL, MS) 
(Statistical Abstract of the United States 1992). This suggests that the Atlantic coastal 
states have been attracting immigrants from other parts of the country and around the 
world. New residents need housing, public services, additional roads, and shopping 
facilities. In the process of providing the growing population with these needs, 
wetlands will be affected. 

5.2.4 Wetland Projects in the Region 

For at least the past twenty years, the southeastern United States has been the 
national center for innovation in the field of wetland creation and restoration. 
Projects to create, modify, and restore many different types of wetland have been 
carried out in the region. Thus it is difficult to identify one or a few "typical" wetland 
projects. The wide variety of restoration and creation projects, include projects to 
produce or restore cypress-tupelo swamps, bottomland hardwood forests, freshwater 
tidal wetlands, saltmarshes, and mangroves. As the technology of wetland 
management continues to improve, the range of wetland types being created and 
restored in the region is likely to continue to increase. Indeed, some of the most 
ambitious wetland creation and restoration projects ever attempted anywhere in the 
world are now getting underway in the Kissimmee-Okechobee-Everglades ecosystem. 

Most of the states in the southeast have substantial percentages of their land 
area in wetland (AL: 11.5%, FL: 29.5%, GA, 14.1%, MS: 13.3%, NC: 16.9%, SC: 
23.4%). The two landlocked states, however, do not (TN: 2.9%, KY: 1.2%). Thus 
on an a priori basis, one might expect that, with continued population growth and 
economic development, impacts to wetland will be most significant in the coastal 
states where economic growth is expected to be strongest, and where remaining 
wetlands are most widespread; thus demand for wetland mitigation will continue to 
be highest in the coastal states. 

If the region follows the pattern seen in most of the eastern United States, 
mitigation needs will be greatest for forested wetlands, especially those 
supporting flood-tolerant hardwoods. Demand for mitigation of riparian 
wetlands, including cypress-tupelo swamps and mangroves will probably also 
be substantial, as construction of roads, utility lines, and other linear projects 
result in additional losses to riparian communities. Continued development of 
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coastal areas will also drive ongoing needs for mitigation of tidal wetlands, 
especially saltmarshes. 

Reconversion of agricultural lands to wetland has been less common 
in the Southeast than in the upper Midwest, where interest in providing 

used national attention. Nonetheless, 
opportunities for agricultural conversions exist, and have been exploited in 
the past. Whether such projects become more common in the future is likely 
to depend on development of appropriate incentives for landowner in- 
volvement. Opportunities for enhancement of forested wetlands may also ex- 
ist if appropriate enhancement techniques and landowner incentives can be 
developed to induce appropriate investments by forest products industries. 

habitat for wa 

Opportunities for inexpensive wetland projects should be greatest in 
states with a long history of agriculture and forestry where most current pop- 
ulation growth is concentrated in a few major metropolitan areas. Historic 
wetland losses in Kentucky of over 8O%, with a relatively high proportion 
(45.5%) of the state’s land in active agriculture and relatively little (4.7%0) of it 
developed (Statistical Abstract of the United States 1992), suggest that restora- 
tion opportunities should be available there. While the coastal states have 
had somewhat lower wetland losses on a percentage basis, the total area of 
converted wetlands is substantial, and restoration opportunities are likely to 
be relatively widespread, especially on the coastal plain. 

General construction costs throughout the southeast are typically below 
the national average because of relatively low regional labor costs. Even in 
the most rapidly growing areas of the southeast (Atlanta and northern 
Florida), labor costs for typical construction projects are 15% or more below 
the national average. In some southeastern cities, labor costs are less than 
two-thirds of the national average. Wetland creation and restoration efforts 
are typically labor-intensive processes, with labor accounting for approxi- 
mately 60% of’typical project costs. Thus, if  labor rates are 20%-30% below na- 
tional averages, overall project costs in the Southeast, all other things equal, 
may be 10%-20% below the national average. 

Despite low labor costs, restoration and creation costs across the south- 
east vary above and below the national average, depending on the details of 
specific projects. On one extreme, restoration of freshwater nontidal wetland 
previously impacted by forestry or agriculture may be very inexpensive if lit- 

moved, and planting of trees and shrubs is limited. On the 
ation project designed to compensate for destruction of a 
st near an urban area may require extensive planting, 

modeling, management for endangered species, and 
long-term monitoring and maintenance. One should expect more 
heterogeneity wetland projects and costs in the southeast; because of the 
varied soils, h rology, vegetation, and wildlife found in the region. 
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5.2.5 Analysis of Region-Specific Data 

5.2.5.1 Prima y Data 

Our primary database contains 26 projects from the southeastern 
United States. These projects were disproportionately from Florida (19), with 
a few projects in South Carolina and Georgia (2 and 5 projects, respectively). 
Projects represent a wide range of different project types, including tidal and 
nontidal wetlands, forested and emergent systems, aquatic beds, even man- 
grove restorations. 

An analysis of covariance was used to determine whether wetland cre- 
ation and restoration projects in our Primary Data from the Southeast dif- 
fered significantly in cost from similar projects elsewhere in the country. 
They did. Overall wetland projects in the southeast are three times less ex- 
pensive than projects from the remainder of the country (excluding agricul- 
tural conversions) 

Primary Data: Southeast vs. Other Regions 
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Figure 5.3. Primary data-Southeast. 

5.2.5.2 Secondary Data 

Fifty-one of the 397 projects in our Secondary database (excluding agri- 
cultural conversions) were from the Southeast. Most were from Mississippi, 
Georgia, or Florida (17, 14, and 12 projects respectively, with the remainder 
from Alabama, (6 projects), North Carolina (1 project), and Tennessee (1 pro- 

t 
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ject). Of those, most (33) were creation projects, while 3 were enhancement 
projects, 3 were complex mixed projects, and 1 was a restoration project. We 
could not determine project type for 11 of the projects from this region. 
Projects from the southeast typically are slightly larger than projects from 
other regions of the country (Kruskal-Wallis test, Z = 2.10201, p= 0.0356). 

We carried out an analysis of covariance to determine whether projects 
from the southeast were more or less expensive than projects from elsewhere 
in the country (ANCOVA table in Appendix A). Projects from the Southeast 
are typically less expensive than projects elsewhere in the country by approx- 
imately a factor of three (3.26). That is, wetland projects from the Southeast in 
our Secondary database are (on average) less than one-third as expensive as 
projects from other parts of the country. This conclusion is remarkably simi- 
lar to the conclusions we drew from our Primary data, where regional pro- 
jects were slightly less than a third as expensive as nationally. 

Secondary Data: Southeast vs. Other Regions 
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Secondary data-Southeast. 

48 



King and Bohlen Costs Of Wetland Restoration 

ACKNOWLEDGMENTS 

The research on which this report is based was carried out jointly with 
related research funded by the U.S. EPA, Office of Policy Analysis, and the U.S. 
Department of Transportation, Department of Environmental Quality. A 
number of wetland restoration experts were subcontracted to assist with this 
research by providing data and guidance and helping interpret statistical 
results . Significant contributions were made by subcontractors Edgar Garbisch 
and Mark Krause of Environmental Concern, Inc. (Maryland), Robin Lewis of 
Lewis Environmental Services, Inc. (Florida), John Reiger of Reiger and 
Associates (Southern California), Michael Josslyn of Wetland Research, Inc. 
(California), Bart Baca of Coastal Sciences, Inc. (Georgia), and Donald Hey of 
Wetland Research, Inc. (Illinois). Preliminary data collection and analysis 
were provided by University of Maryland research assistants, Patrick Hagan, 
Jennifer Stevens, and Barbara Wesley. Cooperation and data were provided by 
Washington and regional offices of federal agencies involved with wetlands 
and by state highway, environment and natural resource agencies in 44 states. 
Private organizations, especially Ducks Unlimited and the Nature 
Conservancy also data and insights about project characteristics. The principal 
authors of this report, Dennis M. King and Curtis C. Bohlen, take 
responsibility for all errors and omissions. 

49 



King and Bohlen Costs Of Wetland Restoration 

BIBLIOGRAPHY 
Bernstein, G., and R. L. Zepp, Jr. 1990. Evaluation of selected Wetland 

Creation Projects Authorized Through the Corps of Engineers 
Section 404 Program. U.S. Fish and Wildlife Service, Annapolis 
Field Office, Artnapolis, MD. 

Conservation Foundation. 1988. Protecting America’s Wetlands: An 
Action Agenda. The Final Report of the National Wetlands 
Policy Forum. The Conservation Foundation. Washington DC. 

Cowardin, Lewis M., V. Carter , F, C. Golet, and E. T. LaRoe. 1979. 
Classification of Wetlands and Deepwater Habitats of the United 
States. FWS/OBS-79/31 Office of Biological Services, Fish and 
Wildlife Service. U.S. Government Printing Office.,Washington 
Dc. 

Crewz, D. W., and R. R. Lewis III. 1991. An Evaluation of Historical 
Attempts to Establish Emergent Vegetation in Marine Wetlands 
in Florida. Florida Sea Grant Technical Paper TP-60. Florida Sea 
Grant College, Univ. of Florida, Gainesville, FL. 

Dahl, T. E. 1990. Wetland Losses in the United States 1780’s to 1980’s. 
U.S. Department of the Interior, Fish and Wildlife Service, 
Washington, DC, 21 pp. 

Environmental Protection Agency and the Department of the Army. 
1990. Memorandum. of Agreement Between the Environmental 
Protection Agency and the Department of the Army Concerning 
the Determination of Mitigation Under the Clean Water Act § 
404(b)(l) Guidelines. June 6,1990. 

Erwin, K. L. 1991. An Evaluation of Wetland Mitigation within the 
South Florida Water Management District. South Florida Water 
Management District, West Palm Beach, FL. 

Florida Department of Ewironmental Regulation. 1991. Report on the 
Effectiveness of Permitted Mitigation. Department of 
Environmental Regulation, Tallahassee, FL. 

Forrestal, R. P. 1993. Statement by Robert P. Forrestal, President and 
Chief Executive Officer, Federal Reserve Bank of Atlanta before 
the Committee on Banking, Housing and Urban Affairs, U.S. 
Senate, March 10, 1993. As published in Federal Reserve 
Bulletin, May 1993. 

Harvey, H. T., and M. N. Josselyn. 1986. Wetlands restoration and 
mitigation policies: comment. Environmental Management 

Herbold, B., and P. B. Moyle. 1989. The Ecology of the Sacramento-San 
Joaquin Delta: A Community Profile. U.S. Fish and Wildlife 
Service Biological Report 85 (7.22). xi + 106 pp. 

Josselyn, M. 1983. The Ecology of San Fransisco Bay Tidal Marshes: A 
Community Profile. U.S. Fish and Wildlife Service, Division of 
Biological Services, Washington DC. FWS/OBS-83/23. 102 pp. 

lO(5): 567-9. 

50 



King and Bohlen Costs Of Wetland Restoration 

Kusler, J. A., and M. E. Kentula. 1989. Wetland Creation and 
Restoration: The Status of the Science.. U.S. Environmental 
Protection Agency. Washington, DC. 

Minshal, G. W., S. E. Jensen, and W. S. Platts. 1989. The Ecology of 
Stream and Riparian Habitats of the Great Basin Region: A 
Community Profile. U.S. Fish and Wildlife Service Biological 
Report 85(7.24). 142 pp. 

National Research Council. 1992. Restoration of Aquatic Ecosystems: 
Science, Technology, and Public Policy. National Academy Press. 
Washington, DC . 

Odum, W. E., T. J. Smith, 111, J. K. Hoover, C. C. McIvor. 1984. The 
Ecology of Tidal Freshwater Marshes of the United States East 
Coast: A Community Profile. U.S. Fish and Wildlife FWS/OBS- 
83/17.177 pp. 

Race, M. S. 1985. Critique of present wetlands mitigation policies in the 
United States based on an analysis of past restoration projects in 
San Francisco Bay. Environmental Management 9(1): 71-82. 

Smit, K., and P Waier, eds. 1991. Means Landscape Cost Data. Kingston, 
MA: R. S. Means Co. 

Turner, R. E. 1992. Coastal Wetlands and penaeid shrimp habitat. In 
Stemming the Tido of Coastal Fish HAbitat Loss, ed. Richard H. 
Stroud. Marine Recreational Fisheries 14. National Coalition for 
Marine Conservation, Inc. Savannah, GA. 

U.S. Department of Commerce. 1992. Statistical Abstract of the United 
States 1992. Bernan Press, Lanham, MD. 

Want, W. L. 1993. Law of Wetlands Regulation. Release #4. Clark 
Boardman Callaghan. Deerfield IL. 

Wiegert and Freeman. 1990. Tidal Saltmarshes of the Southeast 
Atlantic Coast: A Community Profile. U.S. Fish and Wildlife 
Service Biological Report 85(7.29). 

51 



King and Bohlen Costs Of Wetland Restoration 

APPENDICES 

52 



King and Bohlen Costs Of Wetland Restoration 

Appendix A: Analysis of Covariance Tables 

The following analysis of covariance tables provide statistical details for 
the conclusions presented in Chapter 2.0 of the main text. All analyses were 
performed on log,,-transformed data. The tables show partial sums of square 
and F ratios, testing the hypothesis that the particular source of variation is 
associated with more of the variability in cost among projects than can be 
accounted for by chance. 

Table A.l. Analysis of Covariance for Primary Data 

source DF sum of Mean F Ratio Prob>F 

Log(Size) 1 0.9383 0.9383 4.4075 0.0393 
Wetland Type 7 3.1219 0.4460 2.0951 0.0551 
Project Type 2 2.6330 1.3165 6.1843 0.0033 

Squares Square 

Cre./Rest vs Enhnc. 1 2.6318 2.6318 12.3631 0.0008 
Create vs Restore 1 0.0042 0.0042 0.0198 0.8885 

Log(Size)*Project Type 2 1.3026 0.6513 3.0595 0.0531 

Model 
Error 
Total 

12 12.0979 
71 15.1146 
83* 27.2123 

1.0081 
0.2129 

4.7359 0.0000 

Parameter Estimates 
Slope StdError Least Sq. StdError N 

Mean 
Creation -0.3833 0.10721 4.3742 0.08744 
Enhancement 0.2086 0.24937 3.7452 0.17701 
Restoration -0.4684 0.12848 4.2788 0.09211 
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Table A.2. 

ANCOVA Table 
Source DF sum of Mean F Ratio Prob>F 

log1o(amesf 1 23.051 23.051 52Kl61 
Ag. Status 1 239.244 239.244 540.339 
Ag. Status*log(acres) 1 11.345 11.345 25.624 

Analysis of Covariance on the Secondary Data, Comparing 
Agricultural Conversions with all Other Projects 

Squares Square 
0.0000 
0.0000 
0.0000 

Model 
Error 
C Total 

3 
878 
881 

688.041 
388.750 
1076.792 

229.347 
0.443 

517.984 0.0000 

Table A.3. 

ANCOVA Table 
SOllrcE DF SUmOf Meall F Ratio Prob>F 

Analysis of Covariance on the Secondary Data, Omitting 
Agricultural Conversions 

squares SqUare 
Loglo(A~es) 1 7.7962 7.79627 15.1823 0.0001 
Project Type 3 3.7112 1.23707 2.4091 0.0693 
Hydrology 2 3.9148 1.95740 3.8118 0.0243 
Loglo(Acre)*Project Type 3 5.6072 1.86909 3.6398 0.0142 

0.0000 7.3652 Model 9 34.03871 3.78208 
Error 151 77.54000 0.51351 
Total 160 111.57871 

Parameter Estimates 
Slope StdError LeastSq. StdError N 

Mean 
Project Type 

Creation -0.157401 0.0676 4.7915 0.14907 140 
Enhancement -2.757531 0.84121 4.9881 0.42915 3 
Restoration -0.443081 0.40529 3.7105 0.38589 13 
Mixed -0.324461 0.28156 4.8096 0.50280 5 

Wetland System 
Estuarine/Marine 
Lacustrine/Palustrine 

4.3108 
4.4901 

0.27620 
0.22405 

16 
140 

Parameter Estimates 
Slope StdError Least Sq. StdError N 

Mean 
Ag Conversion -0.06279 0.04471 2.67410 0.03619 485 
Other -0~35798 0.03744 4.17241 0.03912 387 

Riparian** 5.5267 0.40328 5 
* The extremely high slope shown in this analysis for wetland enhancement projects is an artifact of 

small number of enhancement projects for whch we had information on wetland system and project type. 
Per acre costs for wetland enhancement projects declined at a relatively high rate in other analyses as 
well. 
Riparian projects include projects that focus on repairing river and stream banks, or restoring stream 
bottom commaties to a more natural state. 

** 
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Table A.4. 

ANCOVA Table 
Source DF SUmOf Mean F Ratio Prob >F 

Analysis of Covariance for the Secondary Data (Omitting 
Agricultural Conversions), Reduced Model 

squares square 
log(Acres) 1 13.8270 13.8270 27.2307 0.0000 
Project 2 3 2.8677 0.9559 1.8826 0.1321 
Project *log(Acre 3 5.2751 1.7583 3.4629 0.0165 

Model 
Error 

7 
359 

63.5650 
182.2906 

9.0807 
0.5077 

17.8834 0.0000 

C Total 366 245.8557 
Slope StdError LeastSq. StdError N 

Mean 
Project Type 

Creation 

Enhancement 

Mixed 

Restoration 

-0.242127 0.04784 4.446027711 0.040940308 

-0.649531 0.14003 3.920265920 0.147056387 

4.477403264 0.242684024 

4.089342538 0.313474831 

5 

7 

0 

5 

-0.381426 0.24257 

-0.701555 0.24991 

Table A.5. 

ANCOVA Table 
!3ouIce DF SUmOf Mean F Ratio Prob>F 

Analysis of Covariance Comparing Costs from the Primary 
and Secondary Data 

squares square 
Loglo(Acres) 1 22.714623 22.714623 46.1314 0.0000 
Database 1 2.583559 2.583559 5.2470 0.0224 
Loglo(Acre)* Database 1 0.008275 0.008275 0.0168 0.8969 

Model 
Error 
Total 

3 
477 
480 

47.58531 15.8618 
234.87003 0.4924 
282.45535 

32.2138 
Prob>F 

0.0000 

Parameter Estimates 
Slope Std Error Least Sq. Std Error N 

MEUl 
Loglo(Acres) -0.365184 0.05377 481 

Secondary Data 4.3333 0.03568 389 
Primary Data 4.5769 0.07891 92 
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Table A.6. Analysis of Covariance for Comparison on the Primary Data 
Comparing Southwestern Wetland Projects and Projects 
from other Regions of the Country 

ANCOVA Table 
so- D-F SwSd Meall F Ratio ProbF 

rn 

Log10(Acres) 1 7.0745352 7.0745352 29.4279 0.0000 
Region 1 1.4014807 1.4014807 5.8297 0.0179 
Loglo(Acre)* Region 1 0.2140059 0.2140059 0.8902 0.3481 

Model 3 7.807924 2.60264 10.8262 0.0000 
Error 84 20.193814 0.24040 
Total 87 28.001738 

Parameter Estimates 
Slope StdError LeastSq. StdError N 

Meall 
Loglo(Acres) 
Southwestern 4.6174 0.09386 
Other 4.3074 0.06475 

Table A.7. Analysis of Covariance for the Secondary Data Comparing 
Southwestern Wetland Projects and Projects from other 
Regions of the Country 

ANCOVA Table 
source DF SUmOf Mean F Ratio Prob>F 

squares square 
Loglo(Acres) 1 12.280460 12.280460 22.5736 0.0000 

0.1631 Region 1 1.062403 1.062403 1.9529 
Loglo(Acre)* Region 1 0.155829 0.155829 0.2864 0.5928 

Model 
Error 
Total 

3 
393 
396 

0.0000 41.88826 13.9628 25.6659 
213.79980 0.5440 
255.68806 

Parameter Estimates 
Slope Std Error Least Sq. Std Error N 

Mean 
Loglo(Acres) 
Southwestern 4.5686 0.13624 
Other 4.3468 0.03946 
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Table A.8. Analysis of Covariance Based on the Primary Data 
Comparing Southeastern Wetland Projects and Projects from 
other Regions of the Country 

ANCOVA Table 
source DF SUmOf Mean F Ratio Prob>F 

Log(Size) 1 7.5576 7.5576 37.0243 0.0000 
Project 2 
Region 4 Flag I 2 3.8196 1.9098 9.3560 0.0002 

1 2.8030 2.8030 13.7319 0.0004 

0.0000 Model 4 10.9833 2.7458 13.4516 
Error 82 16.7383 0.2041 
C Total 86 27.7216 

Parameter Estimates 
Slope StdError LeastSq. StdError N 

Mean 
Loglo(Acres) -0.45207 0.0743 

SouthEastern 
Other 

Creation 
Enhanced 

3.9485 0.11214 
4.3951 0.06398 

4.5006 0.06929 
3.7914 0.15439 I Restored 4.2233 0.09070 

Note: no estimable interaction terms were statistically sigruficant, so they were omitted from 
the analysis. 

Table A.9. Analysis of Covariance Based on the Secondary Data for 
Comparison of Southeastern Wetland Projects and Projects 
from other Regions of the Country 

ANCOVA Table 
source DF SUmOf Mean F Ratio Prob>F 

squares square 
Region 4 Flag 1 11.623330 11.623330 22.4937 0.0000 
log(Acres) 1 35.991754 35.991754 69.6521 0.0000 

Model 2 52.09404 26.0470 50.4068 0.0000 
Error 394 203.59401 0.5167 
C Total 396 255.68806 

Parameter Estimates 
Slope Std Error Least Sq. Std Error N 

M6ZUl 
Log(Acres) -0.339207 0.04064 
Southeast 4.4332 0.03866 51 
Other 3.9194 0.10107 345 
Note: A non-sigruficant interaction terms was omitted from the model. We chose to exclu ! 

project type from this analysis because we had so few restoration and enhancement 
projects in our data for the southeast. 

57 



King and Bohlen Costs Of Wetland Restoration 

Appendix B: Making Sense of Wetland Restoration Costs 

Making Sense of Wetland Restoration Costs 

Dennis M. King and Curtis C. Bohlen 

University of Maryland 
Center for Environmental and Estuarine Studies 

P.O. Box 38, Solomons, Maryland 20688 
January 1994 

Research funded under: 
Department of Energy Contract No. DE-AC22-92MT92006, 

Project No. 22-92MT 92006.000 

with 
University of Maryland, 

Center for Environmental and Estuarine Studies 

Additional funding provided by 
U.S. EPA and the Dept. of Transportation 

58 



King and Bohlen Costs Of Wetland Restoration 

I. INTRODUCTION 

The Problem 

Misunderstandings about the cost of wetland restoration projects are 
widespread and are having an adverse impact on U.S. wetland policy.2 
Determining the most effective regulatory strategies for controlling the devel- 
opment of wetlands and the best allocation of public funds to restore wetlands 
and watersheds both require a basic understanding of wetland restoration 
costs. Making informed private and public investment decisions about pro- 
jects that may require wetland mitigation also calls for reliable wetland 
restoration cost data. Unfortunately, the most widely available data on costs of 
wetland restoration tend to understate the cost of designing and implement- 
ing restoration projects that have a reasonable chance of success. This paper 
explains why misperceptions about restoration costs persist, and provides 
baseline point and range estimates of restoration costs for various types of 
wetlands. 

The Source of the Problem 

It is no more useful to focus on the average cost of restoring an acre of 
wetland than to focus on the average cost of restoring a damaged automobile. 
As a practical matter, costs depend on what is being restored; how badly it is 
damaged; and how fast, how perfect, and how permanent the repair needs to 
be. The wetland restoration cost data gathered for the research described here, 
for example, ranged from $5 per acre to $1.5 million per acre. Some cost dif- 
ferences result because of the wide range of restoration projects that are un- 
dertaken, but site-specific differences can result in significant cost differences 
even for apparently similar projects. 

As with automobiles, however, cost estimating problems can be over- 
come by grouping wetlands and wetland restoration projects according to 
structural characteristics that affect restoration cost, and by adjusting the base- 
line cost estimates for each group using simple indicators of site conditions 
(e.g., dry or wet, hilly or flat, urban or rural, on-site or off-site disposal of spoil, 
union or non-union labor). 

2. We refer in th is paper to wetland restoration. The analysis on which the paper is based, 
however, dealt with a mix of case studies that included some wetland creation and wetland 
enhancement projects. For a discussion of technical differences, see Lewis, R R. 1989. 
Wetlands Restoration/Creation/Enhance-ment Terminology: Suggestions for Standard- 
ization, 1-7 In Wetland Creation and Restoration: The Status- of the Science., Volume ZI: 
Perspectives (EPA/600/3-89/038), eds. J. A. Kusler and M E. Kentula. Corvalis, OR.: 
Environmental Protection Agency, Environ-mental Research Laboratory. 
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Unfortunately, generally available data on the cost and performance of 
wetland restoration and creation efforts do not result from analyses that can 
easily account for these project-specific, site-specific, and wetland-specific dif- 
ferences. The available data come predominately from two sources which for 
entirely different reasons are both misleading in the sense that they under- 
state the cost of restoring wetlands. 

The most reliable and widely circulated sources of restoration cost data 
are generated by federal agencies involved in programs to restore converted 
agricultural lands back to wetlands.3 These projects usually involve restoring 
altered hydrology (e+ breaking drainage tiles or filling ditches) which is in- 
expensive and usually successful. However, these projects, although impor- 
tant, are not representative of more difficult projects aimed at restoring struc- 
turally and biologically more complex wetlands outside the farm belt. Nor do 
they reflect the problems associated with the restoration and creation of wet- 
lands in urban and suburban landscapes where wetland losses and the associ- 
ated needs for mitigation are the greatest. 

A second potential source of information about the costs of wetland 
restoration is the nearly 20-year record of wetland creation and restoration 
projects undertaken as mitigation for wetland impacts regulated under 
Section 404 of the Clean Water Act.4Relatively little has been reported about 
the costs or effectiveness of these mitigation projects, but what is available re- 
veals a persistent pattern of low cost and poor success rates. This record, how- 
ever, reflects more about institutional inadequacies and the failure of mitiga- 
tion policies than the cost or difficulty of designing and implementing high 
quality wetland restoration projects. It is the result of perverse incentives in 
the market for restored and created wetlands that has developed over the last 
two decades to serve the mitigation needs of Section 404 permit seekers.5 This 

-~ 

3. These programs were designed to encourage the conversion of marginal agricultural land to 
wetland. The USDA Water Bank Program was implemented in 1972 and covers 509,000 acres. 
A similar Department of the Interior Program, the Small Wetlands Acquisition Program, 
covers 1.2 million acres. The 1990 Farm Bill established a Wetland Reserve Program with 
the goal of restoring one million acres of wetland by 1995. The Fish and Wildlife Service 
also targets wetland creation and restoration through the Private Lands Program and 
Wildlife Extension Agreements. 

4. Under a 1990 agreement between EPA and the Army Corps of Engineers, a process called 
"sequencing" was established that requires permit seekers to avoid wetland impacts if there 
is an alternative, minimize impacts where they are unavoidable, and mitigate for residual 
wetland losses through "compensatory actions such as the restoration of existing wetlands or 
the creation of man-made wetlands." Current regulations favor on-site and in-kind wetland 
mitigation. 
The term "perverse incentive" is used in economics to refer to situations where decision 
makers are rewarded for exhibiting undesirable behavior, or penalized for exhibiting 
desirable behavior. In the mitigation market, mitigation suppliers earn high profits by 
providing low quality restoration and low profits by providing high quality restoration. 

5 .  
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market has, almost from the beginning, provided rewards for low cost, not 
high quality restoration. For purposes of our analysis, this situation created a 
problem. The cost data drawn from records of mitigation projects have a sig- 
nificant downward bias and tend not to reflect the costs of completing high 
quality or even medium quality restoration projects. 

Research Objectives 

The research summarized here was designed to overcome the problems 
with generally available restoration cost data and provide reliable estimates of 
the costs of designing and implementing wetland restoration projects with a 
reasonable commitment to both cost and performance. 

The preliminary empirical results presented here include point esti- 
mates and typical ranges of per-acre costs for nine different categories of wet- 
land restoration projects.6The categories were developed on the basis of wet- 
land characteristics that affect the tasks required to achieve restoration success, 
not on the basis of wetland functions and values. In this sense they are cate- 
gories of project types, not categories of wetlands per se. The cost estimates 
were developed to provide an economic and statistical basis for improving 
wetland mitigation policy and for assessing how wetland restoration might 
contribute to the achievement of wetland, floodplain, and watershed goals. 

6 .  The nine categories of wetland projects reflect (1) whether or not the project is a (non-regula- 
tory) agricultural conversion, and (2) the hydrology and vegetation structure of the wetland 
being restored. The project categories include (1) Aquatic Beds-tidal or nontidal 
communities of permanently or nearly permanently submerged plants; (2) Complex Projects 
incorporating three or more wetland types in a single project; (3) Freshwater mixed projects, 
consisting of nontidal projects in which both forested and emergent vegetation is produced; 
(4) Freshwater, nontidal projects establishing forested wetlands; (5)  Freshwater, nontidal 
projects establishing emergent wetlands; (6) Projects producing tidal freshwater wetlands; 
(7) Projects establishing saltmarshes and other marine or estuarine wetlands dominated by 
emergent vegetation, (8) Projects establishing mangrove communities; and (9) Agricultural 
Conversions. 
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11. THE RESEARCH APPROACH 

During 1993 we collected wetland restoration cost data for approximately 
1,000 separate projects including 90 projects for which we conducted detailed 
cost analysis (primary data) and 900 projects for which cost data were obtained 
from other sources (secondary data). We standardized all costs in 1993 dollars; 
classified and aggregated projects on the basis of location, site characteristics, 
wetland type, and project objectives; and used the results to develop prelimi- 
nary cost-per-acre estimates for each of our nine project categories. 

Summary of Primary Data 

We developed our primary cost data using detailed engineering and cost 
accounting profiles.7These were developed in collaboration with leading wet- 
land restoration experts from around the U.S. and were based on the input 
requirements (e.g., labor, equipment, materials) necessary to complete specific 
tasks at various project stages (e.g., preconstruction, construction, postcon- 
struction) and the unit costs (e.g., wages, rents, prices) associated with them. 
Project proiiles were developed based on well-designed restoration and 
creation projects, and costs per task and overall costs were developed by esti- 
mating input requirements for each essential task and applying standard unit 
costs. Hypothetical variations in site and project characteristics were used in 
some cases to determine how engineering requirements and costs change un- 
der differing site conditions (e.g., variations in soil, slope, access, and hydrol- 
ogy, or the presence of an endangered species). 

Summary of Secondary Data 

We also collected cost records for individual wetland creation, restora- 
tion, and enhancement projects from published and unpublished reports, the 
general trade literature, and county, state, and federal databases.8 These 
records varied with respect to the degree of detail regarding site and project 
characteristics, but all included information about the general location of the 
project, project size, and aggregate project cost. We believe this to be the 

7. The approach used to characterize projects in terms of preconstruction, construction, and 
postconstruction tasks and to estimate input requirements and associated costs was described 
in King, D., (1992). The economics of ecological restoration. In Natural Resource Damage 
Assessment: Law and Economics, eds. J. Duffield and K. Ward. New York Wiley. 

8. Our database includes examples of wetland creation, restoration, and enhancement, as well 
as construction of wetlands for water quality improvement, waterfowl habitat, and for other 
purposes. Approximately half of all records are for restoration or creation of wetlands on 
agricultural lands outside of a mitigation context. Over 95% of the cases in the remaining 
half of the database are mitigation projects. Three-quarters of them were mitigation of road 
or highway impacts to wetlands. 
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largest and most comprehensive wetland restoration cost database in the 
world. However, for reasons that will be described later, we believe that it suf- 
fers from the same limitations as most other generally available restoration 
cost data and provides a poor basis for understanding the economics of wet- 
land restoration. 

Special Data Limitations 

The secondary data includes cost estimates and cost records for some 
restoration projects that were undertaken outside of a strictly agricultural or 
mitigation context. These projects fall under two general categories: (1) wet- 
land construction and restoration projects designed to improve water quality 
(e.g., treat sewage, storm water, farm runoff, and acid mine drainage), and (2) 
voluntary projects to create or restore specific wetland functions (e.g., duck 
habitat).g Costs of constructed wetlands designed to improve water quality 
were well within the range of costs of wetlands created or restored for mitiga- 
tion. However, because siting, design, and construction decisions for these 
projects were directed exclusively at waste treatment, we considered them to 
be a special case and have not analyzed them further. 

The cost records for voluntary projects, even where they might have 
been useful, were also of limited value. Cost records and descriptions for 
those projects were often incomplete. In fact, because the cost estimates for 
projects that use volunteers often exclude the opportunity cost of contributed 
labor and other "in kind" contributions, they may add to the problem of un- 
der-reported costs. 

Other Problems 

Our secondary database contained a few records of exceptionally high 
costs, including one case of restoration costs near $1.5 million per acre. 
However, further investigation revealed that unusually high costs were usu- 
ally pushed up by extremely small project size (under one-half acre) or by ex- 
traordinary conditions at the restoration site (e.g., the need to blast through 
granite to attain an acceptable elevation). In many cases the selection of ex- 
traordinary sites appears to have been the result of regulatory decisions, in 
particular, the regulatory preference for on-site rather than off-site mitigation. 
There are many reasons why on-site mitigation might be preferred to off-site 
mitigation, and we did not compare on-site and off-site alternatives to deter- 
mine if there were significant cost differences. However, there were clearly 

9. For a detailed discussion of constructed wetlands for wastewater treatment, see Hammer, D. 
A., ed. 1989. Constructed Wetlands For Wastewater Treatment. Chelsea, MI. Lewis. For a 
discussion of projects designed to achieve broader water quality objectives, see Moshiri, G. 
A., ed. 1993. Constructed Wetlands for Water Quality Improvement. Boca Raton, FL. 
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cases where high levels of spending in restoration would been better invested 
if siting decisions were based on a search for more favorable locations from 
the perspective of improving wetland or watershed functions rather than 
strictly adhering to the regulatory preference for on-site mitigation. 

There were two other noteworthy sources of upward bias associated with 
high cost projects in our secondary database. The providers of cost data for 
some of these projects were unable to distinguish between restoration costs 
and the costs of earth moving, landscaping, and other tasks associated with 
the construction project that resulted in the need for mitigation; this was es- 
pecially true for highway expansion projects. In other cases, it was impossible 
for providers of cost data to distinguish between restoration costs and the 
costs of engaging in the wetland permitting process itself; this was especially 
true for large complex projects and mitigation banks. Ironically, these sources 
of upward cost bias contributed to our decision to base our cost estimates pri- 
marily on an analysis of our own primary data rather than the larger sec- 
ondary database. 

In the final analysis, we chose to downplay the empirical record associ- 
ated with historical mitigation projects (the secondary database) and relied 
primarily on the cost profiles we developed ourselves (the primary database). 
The reasons why we made this decision may be more important for under- 
standing the economics of wetland restoration than the actual cost estimates 
that resulted from our research. 

Reinterpreting the Dismal Record 

Recent surveys confirm that restoration projects undertaken to meet 
mitigation requirements under Section 404 of the Clean Water Act have had 
extraordinarily high failure rates, over 50% in Florida, California, and the 
mid Atlantic states.10 These high failure rates are often used as evidence that 

10. Several reports on the rate of successful wetland mitigation are now available. (1) 
Bernstein, G. and R. L. Zepp, Jr. 1990. Evaluation of selected wetland creation projects 
authorized through the Corps of Engineers Section 404 Program. U.S. Fish and Wildlife 
Service, Annapolis Field Office, Annapolis, MD; (2) Florida Department of Environmental 
Regulation. 1991. Report on the Effectiveness of Permitted Mitigation. Department of 
Environmental Regulation, Tallahassee, FL; (3) Erwin, K. L. 1991. An Evaluation of 
Wetland Mitigation within the South Florida Water Management District. South Florida 
Water Management District, West Palm Beach, FL; (4) Crewz, D. W. and R. R. Lewis III. 
1991. An Evaluation of Historical Attempts to Establish Emergent Vegetation in  Marine 
Wetlands in Florida. Florida Sea Grant Technical Paper TP-60. Florida Sea Grant College, 
Univ. of Florida, Gainesville, FL; (5) Race, M. S. 1985. Critique of present wetlands 
mitigation policies in the United States based on an analysis of past restoration projects in 
San Francisco Bay. Environmental Management 9 (1): 71-82. Some care must be used in 
interpreting these studies because "success" has been defined in disparate ways (see Harvey, 
H. T. and M. N. Josselyn. 1986. Wetlands restoration and mitigation policies: comment. 
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restoration science is failing. What is rarely reported with the evidence of 
mitigation failure, however, is the fact that in many cases, the causes of these 
failures are known-bad plans, poor execution, lack of follow-up, and so on. 
In fact, in both Florida and the Mid-Atlantic region, many historical mitiga- 
tion "failures" occurred because planned projects were never undertaken 
(34% and 16% of projects examined, respectively). Analyzing the records of 
projects that were undertaken reveals a similar lack of commitment. For ex- 
ample, at some sites once one excluded the cost of land and the cost of engag- 
ing in the 404 permitting process itself, the amount of money devoted to ac- 
tual restoration activities (e.g., hydrological testing, earth moving, planting) 
was as low as a few hundred dollars per acre. In general, the records of low 
costs and high failure rates are two sides of the same coin and reveal less 
about the state of restoration science than the motivation of those providing 
restoration. 

Underlying Incentives 

The historical record of wetland restoration projects has been influenced 
to a significant extent by the fact that providing wetland restoration is not 
only an applied science, but a business. With few exceptions those who design 
and implement wetland restoration projects earn their livelihoods satisfying 
the needs of permit seekers involved in the Section 404 wetland permitting 
program. This mitigation market is driven primarily by demand for low cost 
permits, not the production of high quality wetlands. There are undoubtedly 
technical limits to what restoration science can achieve, but high failure rates 
have more often been the result of underfunded, badly planned, and poorly 
executed restoration efforts than the result of outright technical failure. These 
weak efforts are linked directly to the perverse incentive structure that 
evolved in the mitigation market that served the needs of Section 404 permit 
seekers. 

Institutional or Market Failure 

It would be easy to blame poor incentives and mitigation failure on the 
wetland mitigation market itself. However, the mitigation market, like most 
markets, was, in fact, extremely effective at providing what was in demand- 
low cost mitigation. What was extraordinary about this market was that buy- 
ers (permit seekers) and sellers (mitigation suppliers) had strong incentives to 
be price conscious but hardly any reason to be quality conscious. Apparently, 
the regulators, who provide the only quality control in the market, did not 
exercise enough authority to link mitigation results with permit decisions. 

Environmentd Managernenf 10 (5) 567-9, and Kusler, J. A. and M. E. Kentula. 1989. WetZand 
Creation and Restoration: The Status of the Science). 
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Without such a link, those demanding and supplying mitigation had little 
incentive to spend what was necessary to provide high quality restoration; 
thus low costs and high failure rates. This basic problem was exacerbated by (1) 
the fact that until recently permit approval sometimes depended only on a 
promise, often unsecured, to provide mitigation, and (2) the fact that en- 
forcement actions to ensure that permitees complied with mitigation agree- 
ments were rare. 

For purposes of cost analysis the important point is that cost records of 
past mitigation projects generally reflect the cost of low quality projects and 
therefore offer a biased perspective. However, as more attention is given to 
the use of incentive-based and market-based strategies for achieving wetland 
and other environmental goals, there may be more important lessons to be 
learned from this example of how and why environmental trading systems 
can fail to achieve hoped-for results.11 

11. The hope that mitigation banking will improve the success of wetland mitigation is an 
important example. The role of regulations in establishing the trading rules and incentives 
for trade in wetland mitigation banks, and the resulting effects on mitigation decisions are 
described in Shabman, L., P. Scodari, and D. King. 1994. Expanding Opportunities for 
Succes,sful Wetland Mitigation: The Private Credit Market Alternative. Report prepared 
for the U.S. Army Corps of Engineers Water Resources Institute, Fort Belvoir, VA. 
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111. BASELINE COST ESTIMATES 

Typical Costs Per Acre 

Figure 1 displays estimates of wetland restoration costs (excluding land 
costs) for various project categories? Figure 2 provides a more detailed 
breakdown of agricultural conversion projects. Table 1 provides numerical 
cost estimates and shows the allocation of costs by construction stage 
(preconstruction, construction, and post-construction) and by input category 
(labor, equipment, material, and other). 

Economies of Scale 

There are significant fixed costs associated with all but the most simple 
kinds of restoration projects. As a result the cost-per-acre for relatively small 
restoration projects (e.g., plantings to reduce shoreline erosion) can be excep- 
tionally high while the cost-per-acre for large scale projects (e.g., removing 
water control devices to flood large areas) can be relatively low. However, in 
many cases the differences in per-acre-costs between large and small projects 
reflect differences in the types of projects undertaken as well as economies of 
scale. 

Until we further evaluate the relationships between project size and pro- 
ject type, our preliminary indicators of economies of scale should be used 
with caution. However, Figure 3a illustrates that an inverse relationship does 
seem to exist between cost per acre and project size for wetland mitigation 
projects in the primary database, and Figure 3b illustrates that a similar rela- 
tionship exists in the secondary database. To the extent that the downward 
bias in project costs in the secondary data is consistent across project sizes, the 
economies of scale exhibited by the secondary data are still meaningful. 

A preliminary analysis of the primary database suggests that for each 10% 
increase in project size, costs per acre for non-agricultural projects decline by 
3.5%. An analysis of the larger secondary database revealed a remarkably simi- 
lar decline of 3.1% in costs per acre for each 10% increase in project size. 
Economies of scale for agricultural conversion projects are significantly lower 
with costs-per-acre declining by only .6% for each 10% increase in project size. 

12. Cost estimates for agricultural conversions are based on our secondary data, all other 
estimates are based on the primary data. 
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Cost and Performance 

We developed our cost est.imates on the basis of engineering designs and 
construction specifications with reasonably high likelihoods of meeting 
restoration targets, and gave adequate attention to pre-construction research 
and post-construction monitoring and maintenance. For now, however, we 
make no claim as to the likely success of projects in any category or how pro- 
ject success should be measured. A previous report by the authors develops a 
framework for evaluating cost-performance relationships and making qual- 
ity-quantity tradeoffs when evaluating wetland restoration alternatives.13 
Another report linking cost information with specific restoration design 
characteristics and weak and strong success criteria for various kinds of wet- 
land restoration is forthcoming in early 1994.14 

13. See King, D. C., C. Bohlen, and K. J. Adler. 1993. Watershed Management and Wetland 
Mitigation: A Framework for Determining Compensation Ratios. A report prepared for the 
EPA, Office of Policy, Planning, and Evaluation. Washington, DC. 

14. Weak success criteria may include achieving a wetland designation based on federal 
delineation criteria, or achieving a given level of vegetative cover after a specified period 
of time. Strong criteria may include maintaining a population of specific target species, 
achieving certain sediment trapping or nutrient removal goals, or achieving ”functional 
equivalency” with a natural reference wetland. 
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IV. PRELIMINARY CONCLUSIONS 

On the basis of our preliminary analysis of primary and secondary cost 
data for wetland restoration projects and a review of what is known about the 
success of these projects and the economic and regulatory conditions under 
which they were undertaken, we reached the following general conclusions: 

0 

Restoration success depends on the level of spending on restoration 
and the motivation of the restoration provider, as well the state of 
restoration science and site-specific conditions. 

Historically low restoration costs and historically low success rates for 
non-agticultural restoration projects reflect as much about the failure 
of regulators to demand results as the failure of restoration science to 
provide results. 

Because conditions in mitigation markets-the rules of exchange and 
units of exchange-are determined by regulators, they can control the 
incentives that motivate mitigation suppliers and determine how cost- 
quality tradeoffs are made. 
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The development of wetland restoration as an applied science and as a 
policy tool will depend on how well regulators manage the incentives 
in mitigation markets. 

Site-specific differences can cause the cost of apparently similar projects 
to differ significantly, sometimes by a factor of five or ten. However, 
predictability and reliability increases substantially if only a few basic 
facts are known about the restoration site. So far our analysis suggests 
that cost adjustment factors based on simple indicators of site 
conditions can reduce cost estimating error to within acceptable 
bounds. 

The physical characteristics and geographic scale of agricultural 
conversion projects and projects undertaken as mitigation for wetland 
losses differ significantly. Even reliable information about the costs of 
agricultural conversions is of limited value when assessing the 
potential of restoration within the broader context of regulatory policy. 

Wetland restoration is an emerging field of applied science with very 
few engineering or performance standards, and the range of skills and 
experience among restoration specialists is enormous. This is reflected 
in a wide range of costs and success rates for most types of restoration 
projects. 
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Figure 1. Estimates of Wetland Restoration Costs by Wetland Category. 
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Figure 2. Cost per acre for Agricultural Conversions 
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Table 1. Cost Estimates and Cost Allocation by Task and by Input 
Category (excludes land cost). 

Project Type 
AquaticBed Complex FW FW FW Tidal Salt Man- Agric. 

Mixed Forest'@ Fnwrg . FW Marsh grove Conv" 
Project Costs (Thousands) 

Average $19.5 $56.7 $25.3 $77.9 $48.7 $42.0 $18.1 $18.0 $1.0 
Minimum 18.3 4.3 1.4 0.9 1.7 0.6 1.0 2.1 0.005 
AfiaXimLlIn 21.7 258.8 65.8 248.4 170.6 92.6 43.6 42.8 20.8 
Median 18.6 24.8 23.4 42.7 35.2 32.9 10.2 13.6 0.5 
Sample Size 3 8 10 19 28 3 9 4 494 

Breakdown by Tasks: 
Preconstruction 17% 10% 5 yo 9 yo 13% 9% 16% 13% 0% 
Construction 63 74 78 74 58 87 73 66 100 
Postconstruction 20 16 17 18 28 4 11 21 0 

Breakdown by Input Category: 
Labor 58% 50% 74% 51% 63% 31% 52% 51% 45% 
Materials 8 23 10 30 26 54 27 21 0 

34 14 16 18 9 14 20 28 55 
0 14 0 2 1 1 2 0 0 

g g g m t  
researching and restoring hydrology and planting; low end involves 

are based on a project consisting of hydrologic 
plan development. 
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Figure 3a: Economies of Scale-Primary Data 
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Figure 3b: Economies of Scale-Secondary Data 

0 
0 00 n 

0 

% o n  0 1  nn - 0 N o m  gricultural projec.; 
Agricultural projects 

I !  I I 1 1 I 
I 

I 
I 

I 
I 1 1 1 

0.001 0.01 0.1 1 10 100 1000 10000 
Project Size (Acres) 

72 



King and Bohlen Costs Of Wetland Restoration 

Appendix C: Watershed Management and Compensation Ratios 
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0 ve r vie w 

functions and values is the most contentious issue in wetland mitigation policy. 

to wetland preservation, but it does 
provide opportunities to achieve watershed goals by trading up-by gaining wetland 
functions that are more valuable at a watershed level than those that are lost. One way to 
take advantage of these opportunities is to establish compensation ratios-acres of 
compensation wetland required per a m  of natural wetland lost-in ways that reflect 
ecological tradeo€fs at a watershed level. 

This paper descrii a logical, scientifically-based, legaUy defensible framework 
for establishing wetland compensation ratios. The frsunework is based on the idea that 
compensatory mitigation involves trading om form of environmental capital for another and 
that full compensation requires increases in environmental functions and values from the 
compensation wetland that ~IZ sufficient to make qp for the decline in functions and values 
resulting from the loss of the existing wetland. Within this framework the "appropriate" 
compensation ratio is based on the leveI of functional replacement provided, the speedat 
which functional replacement is achieved, and the a that the compensation wetland will 
not perform as expected. 

Wetland mitigation may not be pre 

Statement of the Problem 

Wetland MI 'tigaticq 

Many activities that harm wetl @at& by federal law under section 404 of 
the Clean Water Act. State wetland laws are also in effect in many states. In 
,general, these laws require that certain activities in wetlands - the depositing of dredged or 
fill material for &W, - require pennits issued by state or 
fetieraI agencies. f i e  thority to miniinize the 
environmental harm caused by these activities, a task acc6mplished in part by requiring 
those seeking permits to mitigate environmental impacts. 

and the Environmental Protection Agency (EPA) outiines the federal policy on wetland 
mitigation and establishes a preference for the avoidance and minimization of wetland 
impacts over compensatory mitigation. A similar preference is specified or is being + 

considered in state wetland programs nationwide. However, despite this clear preference 
on the part of regulators, residual wetland impacts from economic development (Le., where 
avoidance is not "practicable") are inevitable. In such cases, compensatory mitigation in 
the form of wetland creation, restoration, or enhancement will be used to offset the impacts 
of wetland loss on aquatic ecosystems, wildlife populations, and related social, economic, 
and aesthetic interests. 

A Memomdun of Agreement (MOA) between the Army Corps of Engineers (COE) 
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Appropriate Mitigation 

To regulators responsible for the stewardship of wetland resources, determining what 
constitutes appropriate compensation for unavoidable wetland losses is a central challenge. 
If compensation requirements are set too low, agencies will fail to protect wetlands and the 
important functions and values they provide. On the other hand, if compensation 
requirements are set too high, the high social and economic costs of mitigation will lead to 
legal challenges to agency decisions, evasion of mitigation requirements, political 
controversy, and will undermine public support for wetland protection. 

Compensation Ratios 

Some regulatory programs address the problem of determining what constitutes 
appropriate compensation using compensation ratios - the number of created or restored 
wetland acres required to make up for each acre of wetland damaged. The regulations 
implementing Maine’s Natural Resources Protection Act, for example, emiblish minimum 
compensation ratios, from one to one for &on, restoration or enhancement of most 
wetlands, to 8: 1 for preservation of existing wetlands. Florida‘s regulations establish a 
general wetland creation ratio of two acres to one. Maryland‘s non-tidal wetlands 
regulations recommend different coIIlpensation ratios for destruction of different wetland 
types, with forested wetlands and wetlands of special state concem requiring the highest 
ratios (up to three acres to one) and most hekbaceous communities requiring only one to 
one replacement 

Functions and Values 

In contrast, the federal program undex of the Clean Water Act does not rely on 
standard mitigation ratios. Instead, the mitigation MOA provides guidance on what 
constitutes appropriate compensation on the basis of wetland functions and values. The 
MOA specifies that wetland mitigation should “strive to achieve a goal of no overall net loss 
of wetland values and functions.” Momver, the MOA specifically requires that the 
assessment of what constihtes appropriate mitigation of wetland impacts should be based 
“solely on the values and functions of the aquatic resources impacted”. In principle, 
therefore, compensation requirements under the federal program demand a comparison 
between the wetland functions and values expected from the mitigation project and those 
lost with the destruction of the original wetland. 

Unfortunately, the broad principles outlined in the MOA for assessing compensation 
requirements on the basis of comparing functions and values provide little practical 
guidance about how this is to be done. On a case-bycase basis, regulators have been 
attempting to establish compensation requirements in a manner that is fair, consistent with 
the MOA, legally defensible, and politically acceptable. Reliance on fmed compensation 
ratios rather than ad hoc negotiations may seem to impart an element of fairness and 
predictability to the setting of compensation ratios. However, to be fair and to minimize the 
ecological and economic costs of mitigation, these ratios need to take at least some account 
of site-specific conditions and overall watershed goals. To be legally defensible they also 
need to be based on concepts of functional equivalency and comparative value that are 
based on accepted science (Want, 1993). 

. 
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Current Comwnsation Criteria 

In practice, compensatory mitigation requirements under federal wetlands programs are 
determined by a complex process m which many factors are considered (Kruczyncki 1991). 
Most often they are based on: 

The level of Compensation required for similar pmjects in the past; 

TkepEmit*ht’s’~trility~; 
The type of compensation proposed (in kind or out of kind; on site or off site; 
creation, restoration or enhancement); 
The timing of construction of thecompensation project (in advance of,  
concmnt with, or after destruction of the original wetland); and 
Ad hoc comparisons of wetland functions and values using a wide range of 
functional analysis tools or simply best professional judgment. 

One reason why this hodge podge of mitigation criteria needs to be replaced is the 
high and rising cost of wetland mitigation, which is encouraging permit seekers to 
challenge regulators who want them to provide more acres of wetlands than they expect to 
disturb (King 1991). Most published reports regarding wetland restoration costs are 
associated with restoring wetlands lost to agricultural uses and typically cite average costs 
of less than $l,OOO per acre. However, restoring the types of wetlands most frequently 
involved in state and fderal permitting decisions usl.;lally cost tens of thousands of dollars 
per acre and sometimes range into the hundreds of thousands of dollars per acre. Costs are 
also rising steadily as more stringent design and construction standards are imposed by 
regulators in an effort to increase the success of wetlanid restoration, and as more long-term 
monitoring and maintenance commitmeIlts are required to get a mitigation plan approved. 
E m  and individuals needing permits, therefoR, have a strong financial incentive to create 
or restoreas few acres of we&m& as possiile and to challenge even seemingly modest 
compensation ratios whenever they appear to be unfounded. A clear and logical approach 
to establishing compensation requirements would minimi7r. such challenges, and would 
make them easier to answer in courts and before administrative and regulatory appeal 
boards. 

rpose of the Pam1 

The purpose of this paper is to describe ogical, scientifically-based and legally 
defensible framework for establishing wetl compensation requirements. The 
framework rests on the simple idea that ation for the losses caused by the 
destruction of existing wetlands can the environmental and other values 
supplied by a restored or created wetland match or exceed%those that would have been 
supplied by the original wetland had it not been disturbed. Appropriate compensation, in 
other words, must ensure .that the increase in environmental functions and values resulting 
from the compensation is sufficient to makeup for the decline in functions and values that 
result from the damage to existing wetlands. 

To be sure, the simple idea of comparing wetland functions and values glosses over 
considerable complexity. Wetlands, after all, are a form of natural capital and are valuable 
primarily because of the streams of varied ecological €unctions and economically vduable 
products and services that they provide over time. The value of any given wetland is based 
on its capacity to provide these benefits, which depends in part on it’s proximity to other 
ecological features of the watershed and it’s accessibility to humans and other species. 
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Assessing the adequacy of compensatory mitigation involves a comparison between 
the stream of wetland functions and values that would occur over time if the original 
wetland were not disturbed with the stream of functions provided by compensation 
wetland. At a basic levef such a comparison depends on three critical factors: 

(1) The long-term sustained of wetland function provided by the 
compensation wetland, as compared to the original; 

(2) The speed with which the created or restored wetland reaches a sustained level 
of function; and 

(3) The &c of compensation failure, or more generally, the uncertainty about the 
level of wetland function that the compensation project will provide. 

However, a comparison of existing and proposed compensatory wetland values 
should also depend on decisions about which wetland functions are most and least 
important. A logical determination of compensation requirements, in other words, must 
rest on the selection, perhaps on a case-by-case basis, of which wetland functions are 
tradable and which trades can help achieve broader goals for the surrounding watershed or 
eco-region. Where several functions are of regulatoq concern, procedures are also 
necessary that allow simultaneous consideration and weighting of multipk wetland 
functions ( King and Bohlen 1993, in preparation). However, no matter how weights are 
assigned and tradeoffs are made between wetland functions and locations, the logical 
foundation for estimating appropriate compensation ratios is the same. They should be 
based on a comparative analysis of the streams of functions and values gained and lost. 

. .  The Proposed Solution: A Mo del for DetermxnmP C omDensation Ratios 
The Basic Model 
For purposes of illustration, the analytic model developed here is used to determine 

appropriate compensation ratios for “in kind” wetland mitigation-mitigation involving 
wetlands with similar sets of functions and values. As discussed above, weighting 
schemes based on watershed goals can be incorporated later to consider “out-of-kind” 
mitigation alternatives. The model’s conceptual basis is shown in Figure 1, which 
illustrates the streams of wetland values that are gained and lost over time as an existing 
naturaI wetland is destroyed and a similar compensatory wetland is created. 

Figure 1 illustrates concurrent mitigation. The destruction of the natural wetland 
takes place at time TO wiping out 100% of the natural value and at the same time a wetland 
creation project is started. Gradually, and with some risk of failure, the created wetland is 
shown to increase in functions and values until year C, shown in the illustration as ten 
years after construction, at which time it reaches the maximum functional level it will 
achieve, level B. For purposes of this illustration, B is shown to be 80% of the per acre 
values of the original wetland and the value of the compensatory wetland is shown to 
remain constant at that level until Tmax, the time horizon for regulatory decision making. 
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Figure I: Basic Model of Compensation Ratios 

100% 

50% 

4 Undtstuhed +, Devslopment ; . Created Wetland After 
Of Created Development Bf Funsions Natural 

Wetland Wetland and Values 

0% 

.~ 

C=lO 

Time 

8 

T max 

A = Level of ecological function &'compensation site 
B =lewd of ecDfEagjcal functionafter compensation activity 
C= Number of years for functions to ma& final Id 

The straight line increase in function shown in Figure 1 for the created wetland 
through year Cis used for sake of simplicity. The rate of increase is mort Iikely to fall off 
as the final level of wetland functions is approached or may increase gradually at first and 
then rapidly approach a stable maximum following an %"-shaped c w e ,  or it may follow 
some other pattern- However, we have investigated the use of different m e s  to describe 
the increase in wetland functions as the created wetland develops and have determined that 
for purposes of evaluating compensation ratios it is not very importan~ Using different 
functional forrns (e.g., quadratic, logarithmic, and so on) to describe the increase in . 
function to level B in year C has very M e  impact on hsulting compensation ratios, on the 
order of a few percent, So, for the sake of computational convenience and to keep the 
parameters of the model easy to understand in common sense terms, we employ a straight 
line (linear) recovery pattern from year TO to year C. 

De InamOD riateness of One-for-One Mitigation 

acre of the original wetland destroyed, a net loss of wetland function equivalent to the shaded 
area occurs. Since the created wedand provides fewer wetland values over time on a per acre 
basis than did the original wetland, "no net loss" of wetland functions and values requires a 
compensation ratio greater than one for one. There cm be circumstances when this is not the 

As can be seen in Figure 1, if only one acre of compensatory wetland is created for every 
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case. Figure 1 illustrates the most typical situation where lost wetland values cannot be 
replaced fully and immediately on an acre-for-acre basis by a created wetlarid. 

The Drawbacks of a Simde Ratio 

Initially, consider only long-term wetland functions. The compensation wetland 
eventually provides 80% of the functions of the original wetland on a per acre basis. On 
this basis alone, the appropriate compensation ratio to protect long tern wetland values 
would be 1 / .80, or 1.25 to one. That is, if functions lost as a result of the trade can be 
compensated by increased acreage, 1.25 acres of compensation should be required for each 
natural acre lost. 

However, without further adjustment this ratio is too low to prevent a loss of wetland 
function and values. In the near term, while the compensatory wetland is developing (ten 
years in the illustration), it provides fewer wetland functions and values than it will once it 
is fully established. This would result in a near-term loss if the compensation ratio is based 
solely on long-term performance. In order to ensure full compensation, a somewhat higher 
compensation ratio is needed. However, this is just one of several adjustments that will 
need to be made. 

Visualizing the Model 

Fit, consider the total area of Figure 1, the shaded and unshaded areas to the right 
of time TO. This area represents the stream of wetland values, 100% per year until Tmax 
that the original wetland would have provided had it not been destroyed. Similarly, the 
unshaded polygon represents the replacement wetland values provided by the 
compensatory wetland. The dif€erence, the shaded area, represents the wetland values that 
would be lost over time if one to one mitigation were employed. 

An aDpropriate compensation ratio - one that results in "no net loss" of functions and 
values over time - can be calculated by simply comparing the unshaded area with the total 
area or, more directly, by analyzing the values of B and C. For example, using a time 
horizon of 70 years ( Tmax = 70 selected for reasons that will be explained later), the 
shaded area represents 75% of the total area. Thus in the hrst 70 years, an a m  of . 
compensatory wetland provides 75% of the value that would have been provided by an a m  
of the original wetland. The appropriate mitigation ratio is 1 / .75 or 1.34 to 1. Similar 
calculations can be made for the shaded areas associated with other compensation projects 
represented by different values of B and C. 

The Need to Compare Present Values 

Calculations to this point have implicitly assumed that wetland values that will be 
realiied as far as 70 years in the future are equal to values lost today. In general, wetland- 
related benefits that accrue in the future, like the benefits from all other natural and man- 
made assets, are less valuable than those that accrue immediately. The concept of 
"discounting" cannot be described here, but it is used universally in economics to compare 
different streams of costs and benefits in "present value" terms and should be applied here 
to compare different streams of wetland benefits. To determine an appropriate 
compensation ratio, in other words, one must compare not only the magnitude of the values 
gained and lost, but when the gains and losses accrue. Since concurrent mitigation means 
losing the benefits of a natural wetland now and having it replaced later after the 
compensatory wetland is established, discounting will usually result in higher 
compensation ratios than not discounting. Discount rates on the order of 3% to 10% per 
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year are typical for most applications, and the most recent discount rate recommended for 
evaluating federal programs by the Ofice of Management and Budget (OMB) in 1992 i s  
7%.(0ffice of Management and Budget 1992) 

Using the OMB recommended discount rate of 7% to adjust the stteams of wetland 
values s h o w  i8 Figure 1 resdts in a new shaded area and on the basis of comparing the 
discounEd presenf values of the gains and ~ Q S S ~ S  in-wetland function the compknsatoxy 

is appiied, the appropriate compensation ratio would climb from 1.34 to. 1 to 1.67 to 1. 
or. 60% of the value of &original wetland. Thus, if discounting 

Accounting for Pre-existing Wetland Values 

So far, we have only considered compensation through the concurrent creation of 
wetlands that take place, presumably, at sites that have no existing wetland values. Mary 

existing wetlands that are already providing wetland values. The compensation ratio for 
such projects needs to be adjusted to account for these preexisting values. Otherwise 
Compensation projects would be "credited" for providing wetland values that would have 
existed in their absence. 

compensatory mitigation projects, of course, involve the pstoration or &an cement of 

The framework developed in Figure 1 can be adjusted easily to account for such cases 
as shown in Figure 2. As in Figure 1, the original wetland is destroyed at time To and a 
compensatory mitigation project is un-n at the same time to generate replacement 
wetland values. Here, however, the replacement values climb not from zero, but h m  
level A - the preexisting level of wetland value at the mitigation site - and then, as before, 
reach a maximum level represented by B and stabilize after C years. visually the unshaded 
area in Figure 2 represents the amount of wetland values provided by the compensation 
project whi& in effect, is superimposed on the shaded area representing the values lost 
with the destruction of the initial wetland. The remaining shaded areas above and below 
the unshaded area, therefore, depict the loss of wetland values with one-for-one mitigation. 
The size of the unshaded area relative to the shaded area is detamhed by the values of A, 
B, and C, which provide the basis for establishing an "appropriate" compensation ratio. 

Assume for example, that preexisting wetland values at the compensation site were 
worth 20% of the per acre value of the original wetland (A = 0.20), and, as before, the 
project is ultimately expected to provide 80% of those values (B = 0.80) after 10 years (C = 
10). Applying a discount rate of 7 percent per year, this hypothetical compensation project 
would supply 45% of the value of the original wetland on a per acre basis, leading to a 
compensation ratio of 1 / .45, or 2.22 to 1. 

80 



Figure 2: Restoration or Enhancement 
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Advanced or Delayed Mitigation 

Compensation ratios can also be determined for compensation provided either before 
or after destruction of the original wetland. Elgun 3 iuustrates a hypothttical advanced 
compensation project where the compensatory wetland is created a few years before the 
original wetland is destroyed and again generates wetland values that climb steadily over a 
number of years to reach a steady maximum value. The unshaded area which again 
represents the per acre net increase in wetland values provided by the compensatory 
wetland now includes the advanced values to the left of To. Graphically, advanced 
compensation simply shifts the sloping edge of the unshaded area to the left; wetland values 
are provided sooner and the overall size of the unshaded area is larger. In terms of the 
compensation ratio formula, the faster delivery of functions lessens the effect of time 
discounting and increases the present value of the functions provided by the compensation 
wetland. As one would expect, advanced mitigation requires lower compensation ratios to 
achieve no net loss than concurrent compensation. In a sidar fashion, delayed 
compensation shifts the sloping edge of the unshaded area to the right and decreases its 
overall size, resulting in an increase in the compensation ratio. 
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I- Figure 3: Advanced Compensatiori 
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If the mitigation project in Figure 3 wexe identical to the one shown in Figure 1 
(except that it was consmd 5 years in advance of the destruction of the Original wetland) 
the appropriate compensation ratio would be 1.19 to 1, down from 1.67 to one for 
concurrent mitigation. Mitigation delayed by 5 yeas, by contrast, would require a ratio of 
2.35 to 1 to fully compensate for the wetland values lost. The higher the social preference 
for near-term over long-tern values (expnssed as a higher discount rate), the greater the 
relative advantage of advance compensation and the greater the disadvantage of delayed 
compensation. 

Uncertainty and the Risk of Failure 

So far the analysis presented here not addressed one of the strongest 
justifications for preferring existing wetland functions over those expected through wetland 
compensation: uncertainty. The evidence shows that a significant proportion of historical 
wetland mitigation projects have failed to provide intended wetland values. Future projects 
will also have si,dicant failure rates. However, while expected failure rates should be 
considered when establishing a compensation ratio it is important to guard against 
forecasting expected failure rates on the basis of the poor track record for historical 
mitigation projects. Several recent reviews of historical wetland mitigation, for example, 
document dismal failure rates (Florida 1991: Bemtein and Zepp 1990). However, the 
discussion provided about these historical failures tend to reveal more about the 
inadequacies of wetland management institutions - poor monitoring and enforcement - and 
the "perverse incentive structure" in historical mitigation markets - rewards for low cost 
rather than high quality mitigation - rather than any fundamental failure of restoration 
science(King 1991). 
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Wetland creation and restoration will continue to be somewhat experimental for 
many years to come. Projects that do not perform as intended, therefore, will be frequent 
enough that the risk of failure needs to be taken into account in detexmining compensation 
ratios. There is evidence that improved project siting, design, and construction standards; 
increased monitoring and enforcement of permit requirements; more long-term site 
maintenance; and mandatory performance and assurance bonds have already resulted in 
tremendous improvements in the success rates and have provided incentives for continued 
improvements. However, unless we are absolutely sure that the compensatory wetland 
will perform as intended, the estimation of an appropriate compensation ratio should reflect 
the risk of failure as well as the magnitude and timing of the wetland values gained if the 
project succeeds. 

Adjusting for UncenainR 

For sake of illustration consider a compensation project that promises 80% of the 
values of the original wetland, but is only 80% likely to succeed The replacement value of 
the compensation wetland is not 80% of the original, but something less. In making such a 
trade, the regulatory agencies, acting on behalf of current and future citizens, are accepting 
a gamble where the payoff, if al l  goes well, is a wetland with 80% of the per acre values of 
the original and, if all does not go well, will be less. Quite apart from the concept of 
"discounting" that is used to adjust certain payoffs expected in the future, is a set of 
relatively simple techniques for expressing uncertain payoffs from such a gamble in terms 
of "expected values.' 

In general terms, the ,anticiuatd wetland value can be used to refer to the value the 
compensation project was designed to provide. (Up to this point in the papcr we have been 
considering only anticipated values.) The gxpezted wetland value is a slightly mom 
complex term that incorporates the possibility of failure. The expected value, in a statistical 
sense, represents the average or mean level of wetland functions that would be provided if 
the wetland compensation project under consideration could be constructed over and over 
again. It incorporates the intended performance of a created, restored, or enhanced wetland 
and an assessment of the risk that the intended level of performance will not be achieved. 
Unless the success of a project is absolutely certain, the "expected value" of B will lie 
somewhere between the best outcome possible and the worst. Although it is possible that a 
given project could exceed the expectations of the designer or proposer, it is more 
important here to consider the likelihood of failure than the likelihood of extraordinary 
success. In the situation mentioned earlier, for example, where the project had a 80% 
chance of achieving 80% of the natural value and a 20% chance of bemg a complete failure, 
the "expected value" of B would be .64, that is [(.80 x .80) + (0 x .20)]. On average, we 
should expect such projects to achieve 64% of lost wetland values, not 80%. 

Wetland regulators attempting to manage ecological risks and maintain the long term 
value of natural capital should establish compensation requirements based not on 
anticipated values, but on expected values. Expected values can be incorporated into our 
model easily by employing a simple "knife-edge" probability function where compensation 
projects are expected to either "succeed", in which case they generate wetland values 
represented by B, or "fail", in which case they provide no increase in wetland values over 
those already available (see Figure 4). 
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Uncertainty about the "expected value" of the outcome of the wetland compensation 
project can be introduced to the analysis by incorporating a parameter E, the pencent 
likelihood that the project will fail. In the illustration, the wqensation project will 
succeed, reach B= .80,80% of the time and the other 20% of the h e ,  the project will have 
no value at all (B = 0). From earlier discussion we know that if the project is successful, it 
offers 60% of the discounted value afthe original wetland and requires a compensation 
ratio of 1.67. With a 20% failure rate, the expected value is reduced to 48% of the original 
wetland, leading to a compensation ratio of 2.09 to I. 

. .  The key to incorporating issues of risk into the detemmat~ on of compensation ratios 
is estimating the magnit~~de of the risk of failure - assigning a value to the parameter E for 
various classes of compcnsato~~ mitigation proposals. Projects designed to replace one 
type of wetland will have a higher success rate than projects to replace other wetland types; 
wetland Fstoration projects, in general, are less likely to fail outright than are wetland 
creation projects (e.g., Kusler and Kentula 1989); projects designed and built by 
experienced, previously successful contractors have better chances for success than those 
created by neophytes; larger wetland restoration projects tend to have a higher success rate 
than smaller projects, and so on . There is clear justification for adjusting compensation 
ratios on the basis of factors affecting success which could have far reaching policy 
implications. The location, size and management plan for a wetland mitigation bank, for 
example, might justify significantly lower compensation ratios for those who use the bank 
than for those who attempt individual projects. This could provide an economic incentive 
for mitigation suppliers and permit seekers to develop and use mitigation banks. 

Advanced mitigation may also substantially reduce the effective risks of compensation 
failure faced by the regulatory agencies. If a mitigation project looks good after two or 
three years, its chances of failing in the long mn may be reduced considerably. A relatively 
high percentage of compensatory mitigation failures, for example, are the result of 
problems with hydrolog, wave energy, or construction details that become obvious within 
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the frst few seasons after construction (Florida DER 1991). Many other failures can be 
prevented or ameliorated through appropriate corrective action during the first few years 
after construction (e.g. weeding to limit invasion by an invasive plant species). Thus if a 
compensation project is trending toward success a year or two afkr it was constructed, and 
remedial actions have already been taken, the chances may be substantially increased that 
the project will be successful in the long tern Corresponding adjustments to the 
compensation ratio could provide strong scientifically-based encouragement for advanced 
mitigation over concurrent mitigation and at the same time reduce ecological and economic 
risks. 

The Compensation Ratio Formula 

From the previous discussion, the essential characteristics of a compensatory 
mitigation project can be captured in simple mathematical terms using only five parameters: 

A The level of per acre wetland function at the compensation site prior 
to the compensation project, expressed as a proportion of the per acre 
value of the original wetland; 

B: The maximum level of per acre wetland function the compensation 
project will reach, expressed as a proportion of the per acre value of 
the original wetland; 

C: The number of years after construction of the compensation project 
that it achieves maximum function; 

D The n&ber of years before destruction of the original wetland (at time 
t=O) that construction of the compensation project occurs (negative values 
represent delayed compensation, zero represents concurrent 
compensation, positive values represent advanced Compensation); and 

E: The likelihood, ranging from 0% to 100%~ that the mitigation project 
will fail to achieve any of the anticipated values represented by B. 

The appropriate compensation ratio expressed using these five parameters can be 
calculated using the following formula: 

T m a x  

c (1 + r)-t 
t m l  

R =  
C-D Tmax 

(B - A)(i - E) [ c (D + t)(i + r)-t + c c (1 + rPt] 
t=l -D t=l +C-D 

Where: 
Tmax = the time horizon used for planning purposes 

(where r = 7% the present value is approximately zero after Tmax = 70) 
R = the Compensation Ratio 
t = the year considered 
r = the discount rate (the 7% rate recommended by OMB or other non-zero value) 



Some Illustrations 

For purposes of illustration, Table 1 displays compensation ratios calculated using 
the above formula for a variety of hypothetical compensatory mitigation scenarios 
characterized by different values of A, B, C, D and E . Results are shown for 
calculations using discount rates of 0%, 5%, 7%, and 10%. 

Table 1. Calculated compensatim ratios for a variety of hypothetical 
compensatory mitigation scenarios. 

P- COMPENSATION RATIOS 

Discount Rate 
A B  C D E  0% 3% 7%* 10% 

Concmnt Creation 0 0.8 10 0 0 134 1.45 1.67 1.85 
Advanced Creation 
Concurrent Restoration 
Creation with Risk 

0 0.8 10 5 0 
0.2 0.8 10 0 0 
0 0.8 10 0 0.2 

1.24 1.22 1.19 1.15 
1.78 1.94 2.22 2.47 
1.67 1.81 2.09 2.31 

Delaycdcreation - 0.8 10 -5 0 1.45 1.73 2.35 2.98 
Dcpdcd weand 0 1.6 10 0 0 0.67 0.73 0.83 0.93 
Concumnt Enhancement 0.5 0.8 10 0 0.2 4.45 4.84 5.56 6.17 
Difficult Creation 0 0.8 10 0 0.5 2.67 2.90 3.34 3.70 
same.Advanccd 0 0.8 10 5 0.1 1.38 1.36 1.32 1.28 

*A 7% Discount Rate is recommended by OMB for evaluating federal projects (OMB 1992) 

The first four rows of Table 1 coincide with the scenarios described in previous 
sections and depicted in Figures 1 through 4. The rernainder of the rows vary one or more 
parameters in order to show the significance of each on the resulting compensation ratios. 
This exercise suggests the following: 

(1) Compensation substantially delayed commands a heavy price in 
higher compensation ratios, especially if a high discount rate is 
used. 

2) Compensation for destruction of a degraded wetland, where the 
compensatory wetland is expected to provide higher wetland 
values than the original, can justify compensation ratios below 
one to one. 

(3) Compensation ratios for projects that rely on enhancement of 
existing wetlands to replace Iost wetland function can be very 
high indeed. 

(4) The probability of success is an important factor in establishing the 
compensation ratio. Where it is low, the compensation ratio can 
tend to be very high. 
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( 5  ) Advanced mitigation can justify significantly reduced 
compensation ratios for two reasons: more compensation is 
provided faster and the probability of success is higher by the 
time the mitigation is used. 

(6) To the extent that mitigation banking involves larger, better 
designed, more closely monitored compensatory mitigation than 
individual projects they will have a higher probability of success 
and should require lower compensation ratios than individual 
mitigation projects. 

The b e w o r k  developed in the previous sections was kept relatively simple in order 
to illustrate the important concepts in developing appropriate compensation ratios. The 
himework is logical, scientifically based and relies on accepted procedures for comparing 
stream of wetland values and can be applied usefully as it was d e s c r i i  in many cases. 
Like any analytical tool, however, it can be used inappropriately if it's limitations are not 
recognized. Some noteworthy issues that need to be addressed prior to applying the 
foxmula in any given case are considered below. By expanding the simple framework and 
by accepting a bit more complexity in the way the model is specified, all of the limitations 
descnid below could be overcome. 

Measures of Wetland Function 

Ideally, compensation ratios would be based on comparisons of particular wetland 
functions that are of special interest within the context of the watershed of which it is a part 
or the surrounding eco-region. These wetland functions would be measured and the levels 
provided by the original wetland and by the proposed compensation wetland would be used 
to make the comparison; i.e., to estimate the expected value of B. In such a situation, 
balancing losses and gains of sigmfkant fixnctions would be straightfornard and the 
appropriate compensation ratio could be established with a high level of accuracy. 

Wetland functions, however, are notoriously difficult to quantify and direct 
measurements of most wetland functions are time consuming and expensive. Existing 
indirect functional assessment techniques (e.g. HEP and WET) are controversial and were 
never designed to forecast the functions that an unbuilt compensatory wetland will 
eventually provide. The time and budget constraints under which regulatory decisions arc 
made, in most cases, will prohibit the use of reliable functional indices so functional 
comparisons for individual project proposals will fall short of the ideal. Wetland functions 
will most often need to be estimated using quickly measured surrogates for general wetland 
quality rather than estimates of specific wetland functions. This limitation is not unique to 
the approach developed here, but since the recommended approach is based on a statistical 
formula, it can be misused easily to hide "crackpot rigor." 

Regulators must be certain that the measures of wetland function used 
to set cornuensation ratios are sufficient to do the iob. 
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Multiple Wetland Functions 

We have implicitly assumed throughout this paper that wetland functions provided by a 
compensatory wetland can be expressed using a single number. That assumption allows the 
value of the compensation site to be unambiguously expressed in the same terms as the value 
of the original wetland. In some cases, this may be an unacceptable oversimplification. A 
large non-tidal wetland, for example, may provide water quality protection, habitat for an 
endangered species, flood amelioration, and shelter fur migratory waterfowl. On an =-for- 
acre basis, a created wetland built to compensate for the loss of such wetland might produce 
three quarters of the water quality benefits of the original wetland, fail to provide adequate 
habitat for the endangered species, reduce flooding as well as the original, and provide nesting 
habitat for twice as many waterfowl Under such circumstances, arguments could be made 
for a varieq of different compensation ratios. Where multiple wetland functions are of 
concern, regulators must take care that a compensation ratio calculated on the basis of one or a 
few wetland functions (or an aggregate index of functions or values) does not lead to a 
sigmfkant loss of unaddressed functions. This could be addressed most directly by 
employing a checklist of functions, perhaps weighted according to watershed or other goals. 

Perm Iatorv Ders onnel must ensure that all fun ctions of regulatorv 
interest are sufficientlv protected. 

Quality vs. Quantity Tradeoffs 

Compensation ratios which assign equivalency values in tums of them of wetland 
created orrestod per acre destroyedmaybe an inapprqxiatc way to measure the 
r cpbmen t  of some wetland functions. Some wetland functions do not scale up or down 
with the overall size of a given wetland, others do not scale proportionately with the overall 
number of wetland acres, still others qu i r e  that certain thresholds be met in the 
replacement wetland or the sunounding habitat Waterfowl populations, for example, 
often scale both with wetland area and with percent of the svta in open water, habitat values 
for mammsl and amphibian species that use both wetland and non-wetland areas may scale 
with length of the wetland-upland boundary, not with anq fish populations may scale with 
the length of the water-wetland edge, and so on. In fact, habitat complexity and 
biodiversity may be much more closely related to design of the compensatory wetland than 
with it's size. Other scaling problems exist if created or restod wetlands simply cannot 
provide certain functions. If created wetlands provide p r  habitat for endangered species, 
for example, increasing the size of the area may never coElstiMe acceptable mitigation. 

Flitbation ratios alone can not Drotect all wetland values. Rermlators 
must assess whether a comDensation dan will Drotect specific wetland 
functions and mav need to make tradeoffs to achieve overall watershed 

goals. 

No Net Loss of Function or Area 

The framework developed here for assessing wetland compensation is based on 
preventing loss in the net present value of the expected future stream of wetland functions 
and values available from the original and the compensatory wetland. This framework can 
be characterized as "No Net Loss in the Net Present Value of Wetland Functions" and may 
not, in all cases, be the same thing as attaining the goal of "No Net Loss of Wetlands by 
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Acreage and Function," as articulated by the National Wetlands Policy Forum and endorsed 
by President Bush in 1990. 

There are two unusual cases where the present value formulation may not provide 
for "no net loss" as it is generally perceived. The fmt is where advanced mitigation takes 
place so far ahead of the damage being mitigated that below replacement value 
compensation ( a compensation ratio less than one) could be justified. The second is 
where a compensation project is expected to provide intermediate or long-term but not 
permanent wetland functions (e.g., due to anticipated erosion, sedimentation, or altered 
hydrology). These unusual cases, however, do not detract from the usefulness of the 
approach since the formula can be adjusted to accommodate them when they occur. 

Regulators must check to ens ure tha t protecting the Dresent values of 
d s e t s  n r l  in 

the long-term 

Conclusions 

In this paper we have presented what we believe is a logically consistent, 
scientifically-based, legally defensible method for de- wetland compensation 
ratios. The method is based on the principle that wetland compensation should be 
sufficient at least to rcplace the time-discounted value of wetland functions lost due to 
impacts to the original wetland. The method is applicable to wetland d o n ,  restoration, 
and enhancement projects, and is consistent with the guidance provided in the MOA among 
U.S. resource agencies which recommends basing compensation rcquirementS on a 
comparison of wetland functions and values. 

' 

The authors believe that the method proposed here strikes a fair balance between what is 
needed from science and what is necessary for policy. A more sophisticated mathematical 
treatment would tend to bury the essential conceptual issues in a blizzard of Statistical details 
and would make approach incomprehensible to those who need to use it A simpler model, 
(e.g., one that ignored time and risk altogether), although perhaps easier to apply, would not 
lead to fair results and is unlikely to withstand legal and bureaucratic challenges. The proposed 
method requires regulatory personnel to estimate just five parameters which correspond to the 
basic characteristic of wetland compensation projects. It can also be expanded to reflect more 
complex situations as the need arises. 

While no simple formula for setting compensation ratios can address all situations that 
will arise in practice, the method we have proposed has wide applicabiity. If it is applied 
after a careful review of each compensatory mitigatidn proposal, and if it is used with 
judgment, it should reduce controversy over what constitutes adequate mitigation and 
should result in more consistent determinations of compensation ratios than the largely ad 
hoc methods currently in use. It should also result in more equitable wetland mitigation 
policy and make it easier to make progress toward the goal of "no net loss" of wetland 
functions and values. 
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King and Bohlen 

APPENDIX D 

Costs Of Wetland Restoration 

Wetland CreatiodRes toration 

Cost Spreadsheet 

(used to develop cost estimates for cases in the Primary Database) 
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King and Bohlen 

Case # 

Costs Of Wetland Restoration 

COST OF WORKSHEET SUMMARY ($, 1993) 
Size (acres): 

Wetland Type: Site Location: 
PROJECT TASK LABOR I MATERIALS I EQUIPMENT( OTHER I TOTAL - 
PHASE 1. PRECONSTRUCTION 
1.1; initial Site Analy8.k: I ,  I 1 

I 

I 
I 1 I I I 

1.2 Conceptual Plan 

- 
1.3 Plans EL Specifications 

I I I I 
I I I I I 

TOTAL PRECONSTRUCTION 

PHASE 2. CONSTRUCTION 
2.1 Site Preparation i I I I 

I I I I I 
2.2 Plant Acouis. 8 Install. I I 

~ 

I [ I 1 I 

I I I I I 
TOTAL CONSTRUCTION 

I I 
PHASE 3. POST CONSTRUCTION I 

AVERAGE COST PER ACRE I 
Land Acquisition Cost per Acre 
Total Cost Per Acre (Project and Land Acquisition) 

1 
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1. BACKGROUND 

A modern industrial society cannot function without causing some 
harm to wetlands. Thus, despite concerted efforts to conserve remaining wet- 
lands, some development projects that cannot be designed +to completely 
avoid In such cases, hose seeking permits from federal 
or state regulatory agencies charged with protecting wetlands wiU usually be 
required to mitigate wetland impacts by undertaking or funding wetland cre- 
ation, restoration, or enhancement projects. To the regulators responsible for 
implementing wetland permitting Frograms, determining what constitutes 
appropriate mitigation for wetland losses is a central challenge. If compen- 
satory mitigation requirements are set too low, they will fail to achieve the 
"no net loss" goal that the nation has established for wetlands. If compensa- 
tion requirements are set too high, the associated economic costs and social 
disruptions will be excessive and will lead to frequent legal and political chal- 
lenges, poor regulatory compliance, and an undermining of public support 
for wetIand protection. 

ds will 

Some regulatory programs, including those in Maine, Florida, and 
Maryland, address the problem of de tedning  what constitutes appropriate 
mitigation by using standard ccrmpettsafion ratios. These ratios establish the 
number of acres of mted or restored wetlands required to offset each acre of 
damaged wetland (Want 1993). Typidy, ratios vary by state and according to 
the @e of wetland harmed and the fgpe of mitigation proposed. The federal 

under §404 of the Clean Water Act, on the wetlands pmgram a- 
other hand, does not use standard ratios but instead relies on guidance 
contained in a 1990 US. Army Corps of EngineersAJS. EPA Memorandum of 
Agreement (MOA) about what constitutes appropriate compensation. That 
MOA specifically requires that mitigation requirements should be based 
"solely on the values and functions of the aquatic resources impacted" and 
not on economic or other considerations. Compensation requirements under 
the federal program therefore, at least in prinaple, should be established on 
the basis of a comparison of the wetland functions and values expected from 
the compensation wetland and those lost with the destruction of the original 
wetland. 

. .  

The relatively simple idea of comparing the wetland functions and 
values at the lost and replacement wetlands has proven to be complex in 
practice. Wetlands are important as forms of natural capital because they 
provide essential life support functions and generate streams of ecological 
and economic functions, products, and services. However, all wetlands are 
not equally valuable in ecological or economic terms. The value of each 
wetland depends on the level and characteristics of the many different 
biological and geophysical functions it provides, its proximity to other 



features of the 
populations. 

Assessing 

watershed, and its accessibility to animal and human 

the adequacy of compensatory mitigation, therefore, in- 
volves comparing streams-of wetland f&tctions abd val6es that would accrue 
if the ori@ wetland were not disturbed with streams of functions and val- 
ues expected from the proposed mitigation. This comparison depends on 
three key factors: 

(1) The sustained levels of wetland function provided by the original and 
the replacement wetland, which depends only in part on their relative 
size (the compensation ratio); 

(2) The speed with which the created or restored wetland reaches the sus- 
tained level of function that it is expected to provide; and 

(3) The risk of mitigation failure, or more generally, uncertainty about the 
level of wetland function that the mitigation project will provide. 

In a previous paper (King , Bohlen, and Adler 1993), the authors de- 
scribed a method for estimating compensation ratios based on these three fac- 
tors. The method assesses whether trade-offs between wetland quality and 
wetland area that result from wetland mitigation result in an overall loss of 
wetland value. The method described in the previous report, does not deal 
expliatly with multiple sources of wetland value, and therefore is most use- 
ful when a single source of wetland value is of overriding management in- 
terest. However, as long as mitigation priorities and regional environmental 
go& have been established (e.g., through watershed planning), it can be ap- 
plied in situations where multiple wetland values are of c o n c ~  

This paper responds to the many requests the authors have received 
for a set of simple instructions and look-up tables that will allow regulators, 
permit seekers, and others to estimate “appropriate” compensation ratios 
based on estimates or negotiated values of a few key parameters. 

The conceptual basis for the compensation ratio formula is depicted in 
Figure 1. Destruction of the original wetland (at time labeled Toin the figure) 
leads to a loss of 100% of it’s value. A replacement wetland is created, en- 
hanced, or restored to compensate for the loss of wetland functions. The re- 
placement value of the mitigation site climbs gradually over a period of C 
years from level A-the value provided by the mitigation site in the absence 
of the mitigation project-to some maximum level-level B. Both A and B 
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are expressed as a percent of the per acre value of the original wetland. While 
B, the maximum level of (per acre) wetland value reached at the mitigation 
site, will typically be less than 100% of the value of the original wetland, that 
need not be the case, especially if the original wetland was seriousIy degraded. 

Compensation Model 
Framework 

T 
0 

T 

C '  Time I 

Figure I: A Simple Wet;rands Compensation Model 

The total magnitude of the loss of wefland value caused by destruction 
of the original wetland is represented by the entire area under the 100% line 
from To, the time of destruction of the original wetland, to T-, the time 
horizon selected for the analysis. The maximum possible value of a mitiga- 
tion project (ignoring for the moment risks of failure and other complica- 
tions) would require that three conditions be met. 

(1) The mitigation site produces wetland value sufficient to replace the 
value of the lost original wetland @=loo% or more); 

(2) The mitigation site generates those maximum wetland values as soon 
as it is constructed (C=O); and 

(3) Wetland values at the mitigation site in the absence of the mitigation 
activity are negligible (Ad).  Note that the value of A is zero for wet- 
land creation projects, low for restoration projects, and high for 
enhancement of existing wetlands.) 

Such a scenario, however, is unlikely. Generally, wetland projects take 
years to reach full value (GO), and often, that full value is not as great as was 
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found at the lost wetland (BcO). As a practical matter, therefore, the portion of 
the original wetland loss that would be offset by mitigation if mitigation is 
provided on an acre-for-acre basis is depicted by the cross-hatched area and the 
white area above the cross-hatched area depicts lost values associated with the 
failure of the mitigation to be fully and immediately successful. The shaded 
area below the line at A depicts values already provided by the mitigation site 
that are not attributable to the mitigation effort. Thus the percentage loss of 
value with acre-for-acre mitigation depends on the values of A, B and C, 
which are determined by the characteristics of the mitigation project. 

N. THE 0 

Since the cross-hatched area depicts the value provided by an acre of 
mitigation and the entire rectangle from To to T,, depicts the values lost with 
each acre of the lost wetland, dividing the cross-hatched area by the total area 
gives the percentage loss of value with one-for-one mitigation The inverse of 
this percentage gives a crude estimate of the "appropriate" compensation ra- 
tio-the number of acres of mitigation required per acre of lost wetIand to 
achieve no net loss in wetIand value. 

This simple formula, however, misses a few important considerations. 
Regulators, acting in the public interest, cannot be in-t to issues in- 
volving the timing and risk of compensatory mitigation. A more thorough 
version takes account of three additional factors, mcluding 

(1) time discounting-to account for the fact that wetland functions re- 
placed in future years do not provide the same in value, measured in 
present value terms, as wefland functions lost today; 

(2) risk-that a wetland creation or restoration project will not perform as 
well as expected; and 

(3) advanced or delayed Compensation-the possibility that a mitigation 
project may be completed and begin providing replacement wetland 
value either before or after the loss of the original wetland. 

These rehements can be made by introducing a few new parameters 
that characterize when the mitigation is provided and the risk that the 
mitigation will fail and developing a compensation formula. The formula is 
not very complicated, but calculating compensation ratios directly from the 
formula can be time consuming. We have, therefore, developed a set of look- 
up tables, included as Attachment A, which provide the user with estimates 
of compensation ratios for various combinations of parameter values that 
characterize the proposed mitigation. To use the tables, the user needs to 
estimate or somehow settle upon acceptable values of the following 
parameters: 
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A: 

B: 

c 

D: 

E 

The level of wetland function provided per acre at the mitigation site 
prior to the mitigation project, expressed as a percentage of the value of 
the original wetland; 

The maximum level of wetland function each acre of successful 
mitigation is expected to attain, if it is successful, expressed as a percent 
of the per acre value of the original wetland; 

The number of years after construction that the mitigation project is 
expected to achieve maximum function; 

The number of years before destruction of the original wetland that the 
mitigation project begins to generate mitigation values (negative 
values represent delayed compensation); 

The percent likelihood that the mitigation project will fail and provide 
none of the antiapated bendts (with mitigation failure, wetland 
values at the mitigation site return to level A) 

t : The discount rate used for comparing values that accrue at different 
times at th& present value (Tables provide estimates based on 
discount rates of P/o, 5%, and 1OYo). 

T-: The time horizon used in the analysis (Using the OMB recommended 
discount rate of ~ 7 %  comparisons of value beyond about t-75 years are 
of negligible significance) 

v. - 
Table 1 shows some calculated compensation ratios based on the com- 

pensation formula. The first three cases show the effects on the resulting 
Compensation ratio of delaying or advancing the compensatory mitigation 
project. The next three examples illustrate how pre-existing wetland values or 
compensation for the loss of a degraded wetland affect compensation re- 
quirements. The final set of examples illustrate how the assessment of Mure 
risk can affect estimated compensation ratio. 

The characteristics of the mitigation project itself, as reflected in the 
values of A, B, and C are of obvious importance. The last example shown, 
however, illustrates why advanced mitigation should provide a significant 
advantage over concurrent mitigation in terms of compensation 
requirements. Since many mitigation failures can (1) be detected, and (2) be 
corrected within a year or so of project construction, advanced compensation 
allows a permittee or a mitigation banker to manage many controllable risk 
factors and significantly lower the risk of failure. At the same time, advanced 
mitigation provides replacement wetland values sooner than concurrent 
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mitigation so there is less discounting of replacement values and more 
resulting mitigation credit per acre. Combined, these factors result in a 
substantial advantage for advanced as compared to concurrent mitigation in 
terms of the number of mitigation acres required. Lower compensation ratios 
for advanced mitigation mean lower mitigation costs, which in many cases 
could more than offset the cost of committing funds for advanced mitigation 
or investing in a mitigation bank. 

Table 1. Calculated compensation ratios for a variety of hypothetical compen- 
sation scenarios, based on a time horizon (T-) of 100 years. 

COMPENSATION 
RATIOS 

Parameters 
Rate 

A B C D E  0% 5% 10% 20Yo 
Cancunent-m 1 1.9 -4 
AdvancedCreatim 0 0.7 10 5 0 1.4 1.5 1.4 1.4 
Delayed Creation 0 0.7 10 -5 0 1.6 2.4 3.7 85  

CaMuraZtRgtoratian 0.1 0.7 10 0 0 1.8 22 2.7 4. 
W@dWetlandDegraded 0 1.4 10 0 0 0.8 0.9 1.2 1.70 
--t 0.5 0.7 10 0 0.2 6.6 8.1 10.2 15.0 

Difficult Creation 0 0.7 10 0 0.5 3.0 3.7 4.7 6.8 
verg Difficult creation 0 0.7 10 0 0.75 6.0 7.4 9 3  13.6 
- A d d a n d =  0 0.7 10 5 0.2 1.8 1.8 1.8 1.7 



ATTACHMENT A 

WETLAND COMPENSATION RATIOS IN FLVE EASY STEPS 

J. The Aporoach 

defensible method fw estimating compensation ratios for wetland 
enhand wedand requved b compensate for an acre of lost 

parameteRaRthenusedinamodifiedpxesentvaluefamuiatoestimatethe tianrattothatwouldbe 

The method requires that USeR estimate or at Ieast agreetovaluesof five parameters thatchamc&h 
tfie~funrtionsandvaluestobegainedandtostwgtimewithacreforacreRpiacementThe 

~ t ~ . . , t i m a h d c o ~ ~ ~ ~ f m a f u n r a n ~ o f p a r a m e t e r ~ ~ .  
t D a ~ e n o n c t ~ d w e t k n d v a l u e ~ = r i m c ~ a u ~ h a P e ~  the endosed look-up 

Jll. The Five Easv S tebs 
STEP 1 Estimate or negotiate aaeptablevaluesof A, B, C, D, E, and r. 
STEP 2 calculate the expeded value ofB , thevalue of B adjusted to account for the risk of project failure, 

using the foumgequatia: 

B = B ( l - E ) + A E  
@ 

STEP 3 Calculate V, the scpected inaease in wetland values at the mitigation site due to the mitigation 
proje, wh- 

Increase= B - A  
afG 

STEP 4 Go to the Table that corresponds to the selected value of D. In the tables rovided D can ran 
from +5 (mitigation initiated h e  years in advance of wetland loss) to -5rmitigation in i t iadke  
years after wetiand loss). 

STEP 5 Locate the frame that correspond to the calculated value of V and C. and pick the Compensation 
Ratio that corresponds to the selected discount rate of 096 (top), 5% (middle) or 10% (bottom) 

Forfclrth inJonnation contact Dennis King or Curtis Bohlen at : 
Maryland, Centerfot Environmental and Estuarine Studies, uniumiY.21 Box 38, Solomons, Mal land  20688 (410-326-7212) 
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Using Compensation Ratio Tables 

STEP 4 Qo lo the Table thal mnespomb lo ltm rdeded value do. 
Valuer nnge lmn -5 (delayed mlaga#on) to 45(rdmcsd Mgltkn). 

Locale Ihe lreme lhal cwrwpond lo Iha vnhn d V *rd C. 
and read lha rmnpmscllfa, mW0 lor dlacolmt Mer d OK, 5% or 10%. 

STEP 5 

Concurrent Compensation 

w 

i > 



Vdw ol c 

1 2 4 - 10 ,!!- n LI 1 
iaox 0.70 0.70 0.m 0.81 0.81 0.w O.M 0.07 om 1.w 

0.85 0.07 0.91 aob 1 . ~ 1  1.06 1.17 1.w 1.4 2 . a  
-0:Oe ' e !  Y? 1 0 '  .(.I ,,!.?? t . o o  2 . E  I ? ?  

. . . - .- . . 4- - t i& -- iycrr 

__ 
t lM 0.85 0.85 0.W 0.07 0 . 1  0.W 0.01 0.04 0.97 1.13 

0.92 0.04 0.8 1.04 1.08 t.14 1.27 (A1 1.66 l 4 3  
1.08 1.06 1.16 1.m 1.37 1.4P 1.61 S.15 863 4 .a2 

itox 0.93 0.83 0.0) 0.95 0.w a01 t.oo 1.w 1.08 4-23 

2.49 2.81 2.73 3.06 3 . a  a75 6.m 
3.w 3.611 4.34 5.17 8.W ILIQ 

40% 2.04 2.61 a74 R.~B 2.00 aa 
3.1 3.41 3.01 4.23 4.60 7 m  

d. 4.w 4 
3.40 3.53 3 
4.t4 4.34 4 - 5.05 5.50 5 
b.23 I.= 8 
a22 0.51 0 
7.m 0.1 e 

10.47 10.611 10 
12.43 13m 13 
15.15 16M l? 

s.49 

Delayed Compensatlon 

.t.6( 
3.81 
81 

lo.@ 
sal 
0.31 

_10.(1 
11.61 
16.74 
901 - 
a 

20.18 
55.40 

Value of r 



Delayed Compensation 

v8lw of c Value of C Value of r 

110% 
1.16 1.19 1.2s 1.31 1.37 1.44 1.61 1.78 
1.4 1.63 1.M 

loOK 1.05 1.w 1.07 1.m 1.08 1.10 1.13 1.17 1.20 

6.w 9.1 
3.11 1.72 4.8 2.C 

6.76 (0.5 
2.m 2.3 
3 . a  6.m 
6.72 12.3 
2.40 2.1 
4.35 6.1 

3.01 3.5 
5.44 6.4 

4.01 4.7 
7.25 11.2 

6.01 7.0 
10.87 16.9 

-- 20.17 >:g 
12.02 14.1 
21.74 33.8 
40.33 73.8 

8.07 2 

1O.M 2 
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Advanced Compensation 

w 
0 
lb 

4.40 4.68 4.61 6.05 620 6.64 6.18 6.60 7.02 1147 

80% 5.32 634 6.40 6.46 6.m 6.66 6.74 6.81 6.W 7.16 
0.R 6.66 7 a  7.67 783 190 #.PI 10.32 Ll.42 17.00 

10% 10.63 10.68 10.W 10.02 11.W 11.16 11.40 11.61 12.17 14.33 
(3.43 13.77 (4.44 lS.14 16.W 18.01 16.66 POW Ppds 95.00 

- -  6.01 6.18 6.77 7.40 6 .as &?4 1 0.60 12.61 14.78 P 7.00 

1.16 0.26 10.10 l l a  18- 1#& 1646 16.02 8 .I6 40.63 

17.72 10.~6 a0.a a.16 04.16 s u i  3t.v am 44.57 e t a  
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