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The Second Strategic Highway  
Research Program

America’s highway system is critical to meeting the mobility and 
economic needs of local communities, regions, and the nation. 
Developments in research and technology—such as advanced 
materials, communications technology, new data collection 
technologies, and human factors science—offer a new oppor-
tunity to improve the safety and reliability of this important 
national resource. Breakthrough resolution of significant trans-
portation problems, however, requires concentrated resources 
over a short time frame. Reflecting this need, the second Strategic 
Highway Research Program (SHRP 2) has an intense, large-scale 
focus, integrates multiple fields of research and technology, and 
is fundamentally different from the broad, mission-oriented, 
discipline-based research programs that have been the mainstay 
of the highway research industry for half a century.

The need for SHRP 2 was identified in TRB Special Report 
260: Strategic Highway Research: Saving Lives, Reducing Conges-
tion, Improving Quality of Life, published in 2001 and based on a 
study sponsored by Congress through the Transportation Equity 
Act for the 21st Century (TEA-21). SHRP 2, modeled after the 
first Strategic Highway Research Program, is a focused, time-
constrained, management-driven program designed to comple-
ment existing highway research programs. SHRP 2 focuses on 
applied research in four areas: Safety, to prevent or reduce the 
severity of highway crashes by understanding driver behavior; 
Renewal, to address the aging infrastructure through rapid design 
and construction methods that cause minimal disruptions and  
produce lasting facilities; Reliability, to reduce congestion through 
incident reduction, management, response, and mitigation; and 
Capacity, to integrate mobility, economic, environmental, and 
community needs in the planning and designing of new trans-
portation capacity.

SHRP 2 was authorized in August 2005 as part of the Safe, 
Accountable, Flexible, Efficient Transportation Equity Act: A 
Legacy for Users (SAFETEA-LU). The program is managed by the 
Transportation Research Board (TRB) on behalf of the National 
Research Council (NRC). SHRP 2 is conducted under a memo-
randum of understanding among the American Association of 
State Highway and Transportation Officials (AASHTO), the 
Federal Highway Administration (FHWA), and the National 
Academy of Sciences, parent organization of TRB and NRC. 
The program provides for competitive, merit-based selection 
of research contractors; independent research project oversight; 
and dissemination of research results.
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F O R E W O R D
Stephen J. Andrle, SHRP 2 Deputy Director

The two reports and guide produced as part of the SHRP 2’s Capacity Project C06, Integration 
of Conservation, Highway Planning, and Environmental Permitting Using an Outcome-Based 
Ecosystem Approach, are intended to help transportation and environmental professionals 
apply ecological principles early in the planning and programming process of highway capac-
ity improvements to inform later environmental reviews and permitting. Ecological principles 
consider cumulative landscape, water resources, and habitat impacts of planned infrastruc-
ture actions, as well as the localized impacts. The reports introduce the Integrated Ecological 
Framework (IEF), a nine-step process for use in early stages of highway planning, when there 
are greater opportunities for avoiding or minimizing potential environmental impacts and 
for planning future mitigation strategies. Success requires some level of agreement among 
stakeholders about prioritizing resources for preservation or restoration. Such agreements rely 
on considering long-range environmental planning as a companion to long-range transporta-
tion planning so that there is a basis and methodology for prioritization. The reports provide 
a structured, collaborative way to approach these issues. They do not address environmental 
mitigation and permitting actions required by current law or regulation.

This report, An Ecological Approach to Integrating Conservation and Highway Planning, 
Volume 1, describes the role of federal and state agencies and other stakeholders in the 
early environmental scanning of additions to highway capacity. It presents the five phases 
of the research approach, and it identifies incentives, benefits, barriers, and assurance 
needs associated with early involvement of environmental agencies in highway planning; 
tools such as banking and programmatic agreements for ensuring that the interests of all 
parties are met; strategies for commitment tracking; an inventory of assurance methods 
and the limits of using assurance methods at an ecoscale; and major findings. Early involve-
ment, collaboration, and an ecological approach can lead to better transportation projects 
and more effective environmental protection.

Volume 2 presents the Integrated Ecological Framework, provides technical background 
on cumulative effects assessment, ecological accounting strategies, ecosystems services, and 
partnership strategies, along with a summary of the available ecological tools that are most 
applicable to this type of work. The Volume 2 appendices document three pilot projects that 
tested the approach during the research.

The Practitioner’s Guide to the Integrated Ecological Framework provides step-by-step infor-
mation to help practitioners use the IEF. Essential content from the C06 project is available 
on the Federal Highway Administration’s PlanWorks website (Summer 2014). The site can be 
accessed by its former name, which is Transportation for Communities: Advancing Projects 
through Partnerships, or TCAPP (www.transportationforcommunities.com).
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Executive Summary

Strategic Highway Research Program (SHRP 2) Project C06, Integration of Conservation, Highway 
Planning, and Environmental Permitting Using an Outcome-Based Ecosystem Approach, is intended 
to support the integration of transportation and ecological planning. This project addresses the 
questions of how to (1) achieve interagency agreement on ecological solutions, (2) identify and 
leverage existing ways to increase predictability and assurance that credit will be allowed for address-
ing agency conservation and restoration priorities early in planning, (3) identify and leverage exist-
ing tools to increase resource agency confidence that mitigation commitments will be kept, and 
(4) make decisions last over time and across jurisdictions. This project is built on the groundwork 
laid in the development of Eco-Logical: An Ecosystem Approach to Developing Infrastructure Projects, 
the U.S. Fish and Wildlife Service strategic habitat conservation approach, and other relevant 
ecosystem-based approaches (Brown 2006). The research approach and major findings of the 
project are summarized in this report.

This is the first report of a three-volume series. An Ecological Approach to Integrating Conserva-
tion and Highway Planning, Volume 2, summarizes the approach and outcomes of a partner project, 
Integration of Conservation, Highway Planning, and Environmental Permitting Through Devel-
opment of an Outcome-Based Ecosystem-Scale Approach and Corresponding Credit System. 
The Practitioner’s Guide to the Integrated Ecological Framework is a guide to using one of the main 
products of these efforts, the Integrated Ecological Framework (IEF).

The research, conducted primarily between 2008 and 2010, suggests that although there is 
strong support for integrated transportation and ecological planning, there is room for progress 
in its implementation.

Surveys and interviews of staff in transportation and resource agencies indicate that the main 
incentives for integrating transportation and ecological planning are related to efficient decision 
making, fiscal benefits, and improved outcomes for the natural environment:

•	 Efficient decision making: By investing time and money up front, transportation plans  
can better avoid critical resources; costly re-do loops and delays in project development 
can be eliminated or minimized; and advance mitigation on an ecosystem scale can be 
established.

•	 Fiscal benefits: Monetary savings are expected to result from both efficiencies in the decision-
making process and the ability to purchase land for mitigation early, thereby avoiding rising 
land costs and the declining availability of high-quality conservation areas.

•	 Improved outcomes: Focusing on the ecosystem as a whole, rather than considering resources 
separately according to individual agencies’ jurisdictions, results in better identifying and 
prioritizing critical areas to conserve and protect. Making this information available and 
using it during transportation planning will result in better protection of critical natural 
resources.
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Despite the widespread support for the integration of transportation and ecological planning, 
surveys and interviews identified several barriers or challenges to its implementation:

•	 Lack of resources, especially time and staff, and to a lesser extent, training and the need for 
champions;

•	 Lack of data, information, and tools necessary to implement ecosystem-based approaches;
•	 Lack of data and agreement around the most important resources, sensitive areas, or conser-

vation opportunities;
•	 Lack of understanding regarding how to implement ecosystem approaches;
•	 Issues around coordination, communication, and collaboration;
•	 Differences in missions or scope of missions;
•	 Restrictions or assumed restrictions in regulations and guidance; and
•	 Lack of assurances that mitigation can be paid for today and count for impacts of future 

projects.

The need for assurances was a major barrier addressed in this study. Transportation agencies 
need assurance that investments in mitigation in advance of project development will be counted 
when it is time to apply for a project permit. They also need assurance that they will have achieved 
compliance with regulations, specifically Section 404 of the Clean Water Act (CWA) and Section 7 
of the Endangered Species Act (ESA), and that the conditions under which a decision would be 
reopened or revisited are minimized. Resource agencies need assurance that the requirements of 
the CWA and ESA will be met. In addition, they need assurance that priority resources are avoided 
and that mitigation will be carried out according to design and maintained in the long term.

This understanding of incentives and barriers provides direction for targeting support. Chap-
ters 5 and 6 are dedicated to describing existing methods for providing assurances. Examples are 
programmatic agreements and commitment tracking systems and how they can be applied at 
ecosystem scales. This analysis showed that many methods are available, some of which are 
already being used successfully, to provide assurances that support integrated transportation and 
ecological planning and advance mitigation.

The barriers and incentives identified, along with solutions recommended through surveys 
and interviews, also led to the identification of essential features of any ecosystem approach and 
the development of the IEF. The IEF is a step-by-step process guiding the integration of trans-
portation and ecological planning. It is available through Transportation for Communities—
Advancing Projects through Partnerships (TCAPP) at transportationforcommunities.com. The 
IEF is also described in detail in volume 2 of the report and in the Practitioner’s Guide. The nine 
steps of the IEF are described in Figure ES.1.

Important steps remain to continue the integration of transportation and ecological planning. 
Two additional significant barriers are lack of data on priority conservation areas and lack of 
resources to implement an ecosystem-based approach. Much progress is being made to address 
these needs in subsequent efforts. For example, the SHRP 2 Capacity program is sponsoring 
several projects that will culminate in a web-based geographic information system tool that 
brings together national ecological data sets in a one-stop shop that can be accessed and used by 
transportation planners. The tool will be tested through multiple pilot applications. Both the 
tool and the pilot examples will be made publicly available. In addition, SHRP 2, the Federal 
Highway Administration, and the American Association of Highway and Transportation Offi-
cials are working together to provide transportation agencies with funding to support imple-
menting the IEF.

Given the scientific complexity and uncertainty of ecosystem processes, the lack of well-organized 
and accessible data, and the single-resource approach to mitigation, the development of a true 
ecosystem-based regulatory framework is challenging. Although a regulatory framework that 
provides some level of federal authority over ecosystems may be unlikely, that does not preclude 
resource and regulatory agencies and departments of transportation from using ecosystem science 
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and theory to advance their individual regulatory missions and conservation goals within the 
existing regulatory framework.

Despite the challenges of integrating these complex processes, the increasing number of suc-
cessful examples, the development of geospatial tools and implementation approaches, and 
increased funding and leadership foster the integration of transportation and ecological plan-
ning toward becoming a common practice.

The Steps of the IEF 

 

 

Step 1: Build a strong collaborative partnership of transportation and natural resource specialists. Create a 
shared vision representing the environmental and transportation goals for the planning region. Develop the 
collaborative framework necessary for cooperative decision making, data development and management, 
analyses, planning, and implementation.

Step 2: Gather data, expertise, and other inputs about the natural and built environment. Represent all high 
priority conservation and restoration areas and goals (regional ecosystem framework [REF]). Represent an initial 
plan to meet transportation goals.

Step 3: Integrate the conservation and transportation information and goals into a regional ecosystem and 
infrastructure development framework (REIDF).

Step 4: Characterize scenarios of transportation and other land use. Assess the effects of transportation 
scenarios on conservation objectives, create a preferred scenario, and create an ecosystem-based mitigation 
strategy to address remaining impacts.

Steps 5–8: Carry out innovative, ecosystem-based crediting strategies, interagency agreements, mitigation plans, 
programmatic consultations, and permitting to support transportation plans and conservation objectives.

Step 9: Continue to develop and maintain dynamic information on environmental and transportation needs and 
goals, access to cutting-edge conservation and assessment methods, and mitigation monitoring results in order 
to support both a viable partnership vision and future planning at the local, watershed, ecoregional, or state level. 

Figure ES.1. Steps of the Integrated Ecological Framework.
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C h a p t e r  1

Shrp 2 Capacity program

To address the challenges of moving people and goods effi-
ciently and safely on the nation’s highways, Congress created 
the second Strategic Highway Research Program (SHRP 2), 
operated by the Transportation Research Board (TRB). SHRP 2 
is a targeted, short-term applied research program that addresses 
four strategic focus areas: the role of human behavior in high-
way safety (Safety); rapid highway renewal (Renewal); conges-
tion reduction through improved travel time reliability 
(Reliability); and transportation planning that better integrates 
community, economic, and environmental considerations into 
new highway capacity (Capacity).

The goal of the Capacity focus area is to develop approaches 
for systematically integrating environmental, economic, and 
community requirements into the analysis, planning, and 
design of new highway capacity projects. The scope of the 
SHRP 2 Capacity focus area extends from the early stages of the 
transportation planning process, when many potential alterna-
tives are being considered, through project development and 
permitting.

an ecological approach  
to Integrating Conservation 
and highway planning

Environmental issues in transportation decision making are 
usually considered in relative isolation, and overlapping regula-
tory processes of different agencies are frequently addressed 
independently. Multiple permits are generally negotiated one at 
a time, and the terms and conditions are not determined within 
the context of broader ecosystem considerations or priorities. It 
is common practice to consider only the regulated elements 
within a given project’s area of potential impact. Due to limited 
legal jurisdiction, agencies may not have the ability to require 
avoidance or protection of nonregulated resources or areas. In 
addition, the initial phases of transportation planning may not 

address environmental considerations until long-range plan-
ning is complete. Even then, environmental considerations may 
not reflect broader ecosystem issues or priorities, but focus 
instead on finding a compromise between “competing” mis-
sions. Resource and transportation agencies recognize that this 
approach can result in less desirable outcomes for the natural 
environment, while causing delays and increased expenses.

SHRP 2 Project C06, Integration of Conservation, Highway 
Planning, and Environmental Permitting Using an Outcome-
Based Ecosystem Approach, is intended to support the integra-
tion of transportation and ecological planning. This project 
addresses the questions of how to (1) achieve interagency 
agreement on ecological solutions, (2) identify and leverage 
existing ways to increase advance mitigation credit predictabil-
ity and assurances, (3) identify methods to ensure mitigation 
commitments are kept, and (4) make decisions hold over time 
and across jurisdictions. This project is built on the ground-
work laid in the development of Eco-Logical: An Ecosystem 
Approach to Developing Infrastructure Projects (Eco-Logical), 
the U.S. Fish and Wildlife Service (USFWS) strategic habitat 
conservation approach, and other relevant ecosystem-based 
approaches (Brown 2006). The research approach and major 
findings are summarized in this volume, which is volume 1 of 
a three-volume series.

This project was conducted in close cooperation with another 
SHRP 2 C06 effort, Integration of Conservation, Highway Plan-
ning, and Environmental Permitting Through Development of 
an Outcome-Based Ecosystem-Scale Approach and Corre-
sponding Credit System, which is summarized in An Eco-
logical Approach to Integrating Conservation and Highway 
Planning, Volume 2. Together the two volumes address both 
the policy and technical aspects of implementing the Eco-
Logical approach.

The primary product of these complementary efforts is the 
Integrated Ecological Framework (IEF). The IEF is a step-by-
step process guiding the integration of transportation and eco-
logical planning. Each step of the IEF is supported by a database 

Background
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of case studies, data, methods, and tools. The IEF is available 
through Transportation for Communities—Advancing Proj-
ects through Partnerships (TCAPP) at www.transportation 
forcommunities.com and is supported by the Practitioner’s 
Guide to the Integrated Ecological Framework.

It is not necessary to read Volume 1 completely to find use-
ful information. Each chapter is briefly summarized below to 
guide readers.

•	 Chapter 2: Research Approach—An explanation of how 
the research was conducted and the major products that 
resulted.

•	 Chapter 3: Incentives, Barriers, and Assurance Needs—A 
description of the incentives for implementing an ecosys-
tem approach to transportation decision making, the needs 
of transportation and resource agencies, and barriers. The 
incentives, needs, and barriers are summarized from input 
gathered through interviews and surveys of transportation 
agencies, resource agencies, and nongovernmental organi-
zations (NGOs).

•	 Chapter 4: Solutions—This chapter includes two major 
sections. The first part is solutions identified through sur-
veys and interviews that respond to the incentives, needs, 
and barriers reported in Chapter 3. The second part describes 
the IEF and the essential features of any ecosystem approach 
to transportation decision making.

•	 Chapter 5: Inventory of Assurance Methods—This chapter 
is an inventory and technical description of the methods 
available to provide assurances that collective, off-site, or 

advance mitigations are credited to transportation agencies. 
The inventory is organized by (1) assurance methods that 
satisfy the mitigation requirements of both the Clean Water 
Act (CWA) and Endangered Species Act (ESA), (2) assurance 
mechanisms used to address the CWA, and (3) mechanisms 
that address the ESA. A table with basic information for each 
method is provided at the beginning of the chapter, followed 
by more detailed explanations and examples.

•	 Chapter 6: Using Assurance and Commitment Tracking 
Methods at an Ecosystem Scale—Many of the assurance 
and commitment tracking methods described in Chapter 5 
may be used at the ecosystem scale. Chapter 6 describes 
limits of and approaches for applying these methods at the 
ecosystem scale. The limits and approaches are discussed 
broadly, rather than focusing on the individual methods 
inventoried in Chapter 5.

•	 Chapter 7: Gaps and Opportunities—This chapter sum-
marizes gaps identified between the ecological approach, 
real-world opportunities, and the available implementa-
tion methods. The gaps are related to policy, technical, and 
institutional factors. Transportation, resource agencies, 
and NGOs continue to make strides to close these gaps. 
Some of the ongoing work supported by TRB and the Fed-
eral Highway Administration (FHWA) to close these gaps, 
along with other opportunities, are summarized in the 
second half of the chapter.

•	 Chapter 8: Conclusions—Key points and take-away 
messages from the research are summarized in this closing 
chapter.
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C h a p t e r  2

Project work was divided into the following phases:

•	 Phase 1: Understand barriers to and opportunities for inte-
grating transportation and ecological planning, and create a 
framework for integrating conservation planning, highway 
planning, and permitting.

•	 Phase 2: Identify implementation mechanisms to reduce 
uncertainties and help resolve the problem of assurances.

•	 Phase 3: Develop business cases for lead agencies and iden-
tify transition needs.

•	 Phase 4: Host an interagency invitational symposium.
•	 Phase 5: Submit a final report and guide.

The issues addressed by each phase, along with the pur-
pose, approach, and primary products, are summarized in 
this chapter.

phase 1

Purpose

The purposes of Phase 1 were to identify

•	 The agencies or stakeholder groups involved in or affected 
by the process of adopting ecosystem approaches;

•	 Existing agency initiatives compatible with ecosystem 
approaches and agency leaders of such initiatives;

•	 Levels of awareness and support for ecosystem approaches 
across agencies;

•	 Barriers to implementing ecosystem approaches; and
•	 Relationships of ecosystem approaches to agencies’ interests.

Approach and Product

Data were collected through research, interviews, and sur-
veys. An extensive list of potential contacts was developed for 
the following groups:

•	 Resource/regulatory agencies: U.S. Fish and Wildlife  
Service (USFWS), National Oceanic and Atmospheric 

Administration’s National Marine Fisheries Service (NOAA 
Fisheries), U.S. Army Corps of Engineers (USACE), U.S. 
Environmental Protection Agency (EPA), other federal 
resource agencies, and state resource agencies. Transportation 
liaisons at each of these agencies helped identify con-
tacts, who tended to be frontline staff dealing with proj-
ect permitting and consultation.

•	 Transportation agencies and planning organizations: FHWA, 
state transportation agencies and state departments of trans-
portation (DOTs), metropolitan planning organizations 
(MPOs), and regional planning councils.

•	 Nongovernmental organizations: Environmental Defense 
Fund, the Southern Environmental Law Center, The Con-
servation Fund, The Nature Conservancy, NatureServe, 
and others.

Literature review, early conversations with stakeholders, 
and consultation with the partner–project team were used to 
create an initial set of interview questions. Using information 
from initial interviews, more detailed interview questions 
and a set of survey questions were developed.

In an effort to streamline the interview and survey  
process and encourage high response rates, short surveys  
were created with questions tailored specifically to each 
stakeholder group identified. Although many questions 
differed between these separate surveys, there was a high 
degree of overlap to allow comparison of responses across 
agencies.

Each draft survey was vetted through representatives from 
the relevant stakeholder group, and an interagency team was 
assembled. This team functioned as a resource for this project 
and as liaisons to their respective agencies. For example, DOT 
and MPO representatives reviewed the DOT and MPO sur-
veys, the USFWS representative reviewed the USFWS survey, 
and so forth. Their input was used to create a final set of sur-
vey questions. A small number of select expert practitioners 
participated in in-depth, multihour interviews, providing 

Research Approach
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detailed qualitative information about their experiences related 
to ecosystem approaches.

The majority of in-depth interviews and surveys were con-
ducted between December 2008 and June 2009. Over this 
research period, the team reached more than 140 respondents 
across all stakeholder groups. Further discussions and inter-
views were held at the July 2009 summer TRB meeting. A sum-
mary of the outreach strategy used to reach each stakeholder 
group follows:

•	 USFWS and NOAA Fisheries: USFWS staff involved in Sec-
tion 7 consultations for transportation were contacted, with 
assistance from the FHWA-USFWS transportation liaison.

•	 USACE: USACE staff were contacted with assistance from 
the FHWA-USACE transportation liaison. Contacts included 
all division program managers, regulatory chiefs in the dis-
tricts, DOT-funded positions, and other USACE frontline 
staff who work on transportation issues.

•	 EPA: EPA contacts took place by phone and in person at 
the TRB summer meeting in West Virginia in July 2009. 
These interviews focused on implementation of a water-
shed approach in the Section 404 process, as well as general 
barriers, interests, incentives, and solutions.

•	 FHWA: FHWA headquarters staff assisted with distribut-
ing the survey to all FHWA division environmental con-
tacts around the country. The project team also performed 
interviews with several FHWA staff in late 2008, again at 
TRB in 2009, and at various later times.

•	 State DOTs: In-depth interviews were conducted with DOTs 
active in the field of advance mitigation and programmatic 
approaches. To reach all DOT environmental directors and 
natural resource staff, the project team followed the survey 
guidance of the American Association of State Highway and 
Transportation Officials (AASHTO) Standing Committee 
on the Environment and worked through environmental 
directors in each state, asking them to involve their resource 
specialists and managers. In addition, all DOT planning 
directors were sent an online survey tailored to their work.

•	 MPOs: The project team contacted MPOs likely to have 
experience in ecosystem approaches. The Association of 
Metropolitan Planning Organizations invited all MPOs to 
participate by taking an online survey.

•	 NGOs: The team contacted a diverse set of NGOs, including 
the Environmental Defense Fund, the Southern Environ-
mental Law Center, The Conservation Fund, The Nature 
Conservancy, NatureServe, and others. The team conducted 
in-depth interviews with several of these groups. Others 
responded to a survey.

Input and perspectives from agencies, organizations, and 
sectors that were not the primary targets of this research were 
also assembled because they sometimes play a role in the 
process and have valuable input. These organizations included 

state resource agencies, the U.S. Forest Service, and local 
governments and regional resource agencies. Perspectives of 
agricultural and business interests are also considered and 
discussed, but these were not the primary targets of the 
outreach effort. Interviewees and survey respondents who 
sometimes volunteered information in these areas from 
their perspectives are the sources of data in these sections.

The results from the surveys and in-depth interviews are 
summarized in Chapter 3.

phase 2

Purpose

Phase 2 addressed the uncertainty or risks associated with 
using an ecosystem approach to conservation in transporta-
tion decision making by attempting to answer the following 
questions:

•	 How can transportation agencies that invest in ecosystem-
level analysis to minimize or mitigate impacts be assured 
that they will get credit for their actions from regulatory 
agencies and the public?

•	 If they approve ecosystem-level mitigation strategies, how 
can regulatory agencies be assured that promised actions 
will be taken and will satisfy regulations?

•	 To ensure cooperation at all levels, what incentives are there 
for local governments to enforce the land management 
decisions made by transportation, regulatory, and resource 
management agencies?

Various mechanisms are available to help provide these 
assurances and incentives. Phase 2 attempted to determine 
how each of these mechanisms provides assurances to both 
the agencies implementing avoidance, minimization, con-
servation, and mitigation actions, and the federal agencies 
reviewing and approving transportation improvements and 
associated actions.

Approach and Product

Available methods to address ecosystem-scale minimiza-
tion and mitigation of impacts on the environment, and 
the assurances that these mechanisms can offer, were col-
lected, reviewed, and assessed using several approaches:

•	 Existing methods to provide mitigation credit assurances. The 
first task was to analyze existing methods of providing assur-
ance of credit for collective, off-site, or advance mitigation. 
Off-site mitigation is mitigation at a location not bordering 
the impact site; advance mitigation is established prior to 
project impacts; and collective mitigation addresses com-
pensatory mitigation needs for multiple actions. An inven-
tory of the methods that can provide assurances over time 
and space and a description of the essential features of each 
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were developed. Thoughts, ideas, and professional opin-
ions on the relative merits, shortcomings, and adaptability 
of each tool or method were collected through discussions 
and correspondence with contacts from resource and 
transportation agencies. The USACE and EPA joint regula-
tions on compensatory mitigation in the Section 404 pro-
gram framed the discussion. This information was then 
compiled into an inventory of tools and methods in use, 
along with an overview describing the essential features 
and applicability of each tool.

•	 Use of existing assurance methods at an ecosystem scale. 
The common elements of success of existing methods for 
regulatory permitting or consultation processes at an eco-
system scale were identified, along with how these methods 
assure that ecosystem-scale approaches will be credited. 
Using the summary of tools and methods developed in 
the previous task, team experience, and information col-
lected from participating liaisons, the components of each 
tool and method and their commonalities were assessed. 
The strengths, weaknesses, and limits of applying each tool 
at different ecosystem scales were determined, and the 
ways in which this application could be enhanced were 
considered. Finally, how each tool succeeds in assuring 
transportation and permitting agencies that appropriate 
impact assessment and mitigation has been developed was 
determined.

Programmatic agreements for ESA Section 7 and CWA 
Section 404 compliance were assembled and reviewed, using 
past research conducted for state DOTs and AASHTO as a 
starting point. Programmatic agreements addressing natu-
ral and cultural resources that take ecosystem approaches 
broadly compatible with An Ecological Approach to Integrat-
ing Conservation and Highway Planning and the USFWS 
strategic habitat conservation initiative were identified. 
This review was performed by comparing the approach 
and content of each programmatic agreement and mem-
orandum of understanding (MOU) with the guidelines 
and recommendations contained in the USFWS and 
FHWA Department of Transportation Programmatic Con-
sultation Guidance (2000), ongoing changes and evolu-
tion to that guidance, and the Compensatory Mitigation 
for Losses of Aquatic Resources; Final Rule (U.S. Army 
Corps of Engineers and U.S. Environmental Protection 
Agency 2008). Information from practitioners regarding 
their experiences during the programmatic agreement/
MOU process was collected in the course of extensive 
surveys and interviews, primarily conducted in the spring 
of 2009.

•	 Gaps in implementation methods. Gaps between the ecosys-
tem approach and the available methods for gaining regu-
latory assurances were identified. Approaches to fill these 

gaps within the current regulatory environment were pro-
posed, noting where both changes to regulations and non-
regulatory tools would be helpful.

The following findings are summarized in Chapter 5 and 
Chapter 6:

•	 An inventory of existing methods available to provide 
assurances that collective, off-site, or advance mitigations 
are credited to a transportation agency;

•	 An examination of the use of these existing methods for 
providing assurances at an ecosystem scale, common ele-
ments for their success, and gaps that cannot be addressed 
by existing methods; and

•	 Identification of approaches to address the gaps.

phases 3, 4, and 5

Purpose

Phase 3 was to develop methods to aid transition from the cur-
rent way of doing business to the ecological way by addressing 
the development of a common vision, conflict resolution, train-
ing and cross training and by drawing on existing agency initia-
tives, guidance, and good examples. The purpose of Phases 3 
and 4 was to develop and solicit review of resources for imple-
mentation. The purpose of Phase 5 was to summarize the proj-
ect work in this final report.

Approach and Products

Phase 3, 4, and 5 products were based on the information 
gathered in Phases 1 and 2. In addition, practitioners at each 
agency or agency type were consulted and served as reviewers 
in a highly iterative production process.

The primary products of the final phases of this project 
were as follows:

•	 Practitioner’s Guide to the Integrated Ecological Framework, 
which also addresses
44 How planning activities might be funded and how they 
relate to DOT and MPO programming cycles;

44 Outcomes and products developed at each stage, as well 
as needed inputs;

44 Benefits of the approach, especially when it goes beyond 
mitigation required by law;

44 Potential cost savings compared with current approaches;
44 How the various parties can be assured that their con-
cerns will be addressed; and

44 Development of the necessary background data to imple-
ment landscape-level, ecosystem- or watershed-based 
approaches using programmatic agreements, conserva-
tion banking, mitigation banking, or a credits system.
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•	 Programmatic approaches to CWA 404 permitting and ESA 
Section 7 consultation. Programmatic templates were pro-
vided for a watershed approach to planning and permitting 
under CWA Section 404 (wetland avoidance, minimization, 
and compensatory mitigation) and also for programmatic 
consultation under Section 7 of the ESA.

•	 Outreach and review (through e-mail and meetings), includ-
ing webinars and an interagency invitational symposium. The 

project culminated with an interagency invitational sympo-
sium in Boulder, Colorado, on September 14–15, 2010, with 
more than 50 attendees. The purpose of the symposium was 
to present findings and results, share information from 
compatible initiatives in a number of agencies, and solicit 
input on future directions and needs.

•	 This final project report, in which key findings across all 
phases are summarized.
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C h a p t e r  3

The first step in implementing an ecosystem approach to trans-
portation decision making is to understand the incentives for 
doing so, the needs of transportation and resource agencies, and 
barriers to implementation. These topics are discussed in this 
chapter, and potential solutions are identified in Chapter 4.

For the purposes of this report, the two main types of stake-
holders in an ecosystem approach to transportation decision 
making are transportation agencies (FHWA, MPOs, and DOTs) 
and resource agencies (USACE, EPA, USFWS, NOAA Fisheries, 
and state regulatory and natural resource management agen-
cies), along with NGOs and conservation organizations.

Incentives

Incentive-based approaches are much more likely to succeed 
when they respond to the multifaceted interests and needs 
of each of the individuals and parties involved. Ecosystem 
approaches are easier to design, agree on, and implement when 
trust and interagency experience exist and when participants 
are able or inclined to think creatively about possibilities and 
solutions. The interests that support implementation of an 
ecosystem approach for each type of stakeholder were col lected 
through surveys and interviews. Respondents shared spe-
cific incentives to drive the implementation of an ecosystem 
approach. The identified incentives fell into three main cate-
gories: efficient decision making, fiscal benefits, and improved 
outcomes for the natural environment. These incentives are 
summarized as follows.

Efficient Decision Making and Fiscal Benefits

Respondents noted the following efficiency- and financial 
performance–related incentives:

•	 Achieving mitigation and conservation that are less expen-
sive to maintain and for which achievement of ecological 
objectives is more likely;

•	 Making decisions early using widely available or derived/
modeled data layers;

•	 Data-driven decision making and accountability;
•	 Predictability for project-level environmental permitting 

and reducing the risk of delay in delivering transportation 
projects;

•	 Increasing opportunities for agencies to attract and keep 
motivated and high-performing employees;

•	 Reducing costs of implementing transportation projects;
•	 Improving relationships between transportation and 

resource agencies;
•	 Increasing opportunities for agencies to “make a differ-

ence” by leveraging their contributions with those of other 
agencies and organizations;

•	 Better targeting of field studies; and
•	 Creating a platform for more innovation through mutual 

success.

Efficient Decision Making

More efficient decision making was the incentive most fre-
quently mentioned by respondents. With ecosystem approaches, 
agencies put in more work and make decisions or commitments 
during planning, which reduces paperwork and analysis late in 
the project development process. Agencies were looking for 
increased certainty that time savings and efficiencies would 
indeed occur in project development in exchange for the 
upfront investment in planning.

Efficiently addressing multiple resource needs from multiple 
mandates was an incentive primarily for state transportation, 
regional, and local agencies.

Certainty in project scope, scale, schedule, and environ-
mental requirements is a big factor and incentive for transpor-
tation development. State DOTs also saw the potential to make 
a meaningful contribution to agency restoration and conserva-
tion priorities. From the perspective of state transportation 
agencies, increased predictability in the ESA Section 7 processes 

Incentives, Barriers, and Assurance Needs
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is a primary incentive to develop or participate in conservation 
banks. The value of this incentive has translated to DOT will-
ingness to pay for substantial enhancements to ecosystem con-
servation. Again, this activity is more feasible if it occurs before 
budgets are set.

Programmatic (earlier, broader scale, multiproject) 
approaches typically offer much greater predictability for DOT 
project timelines by addressing resource needs and resource 
agency interests at the earliest and most flexible stages.

Considering environmental needs and opportunities early 
in the planning process can enable participating agencies to 
reach agreement on how certain issues will be handled and 
what trade-offs may satisfy the interests and regulatory 
require ments of all participating agencies, while meeting 
the conservation or enhancement objectives of local gov-
ernments. Identifying these needs early in the process assists 
DOTs and partners in coming to more creative and cost-
effective solutions that also deliver more for the environ-
ment and the communities. By making collaborative decisions 
earlier in the review process, the length of time needed for 
interagency negotiations later in the review process can be 
sig nificantly reduced. Because construction is usually the 
largest project cost, construction delays as a result of a lengthy 
review process can significantly inflate project costs; con-
versely, early negotiations that streamline later approvals can 
yield savings.

Some MPOs noted that the public has consistently said 
that the environment is an important planning consider-
ation. In this context, an ecosystem approach helps agencies 
do their jobs better and helps ensure a more comprehensive 
and acceptable or defendable product. Crises also serve as 
powerful incentives. Development of a different, more effi-
cient decision-making process sometimes became imperative 
when a crisis was at hand: a large number of bridge safety 
needs had to be addressed, the number of permits could not 
be issued in the time frame needed, or agencies had otherwise 
reached an impasse. All agencies may require a breakthrough 
in the efficiency and effectiveness with which they address 
regulatory issues and conduct the regulatory process when 
the need is urgent.

Ecosystem approaches also help achieve larger agency goals 
outlined in agency mission statements or environmental 
laws. Often, such larger goals and objectives, which cut across 
program areas, can get lost in program-specific efforts or the 
drive to accomplish a certain number of permits, reviews, 
or inspections in a certain time. Agency staff can experience 
the satisfaction of making tangible progress toward these 
important objectives, coupled with the increased opportunity 
to make a difference by leveraging their contributions with 
those of others.

Improved environmental decision making at the planning 
level can help implement effective conservation at the local 

government level. Ecosystem-based approaches require the 
collation of environmental data and development of priorities 
that local governments can then use. The IEF offers an explicit 
process for doing this. Local officials benefit from valuable 
planning data and information when watershed, ecoregional, 
or statewide conservation or green infrastructure planning is 
done in their area if such information is shared with them. 
They also get the benefit of resources for environmental restora-
tion and possibly permits for projects through joint mitigation 
efforts. (Green infrastructure refers to an EPA-supported 
approach by which communities can maintain healthy waters, 
provide multiple environmental benefits, and support sustain-
able communities. Green infrastructure uses vegetation and soil 
to manage rainwater where it falls. More information is avail-
able at http://water.epa.gov/infrastructure/greeninfrastructure/ 
index.cfm#tabs-1.)

Fiscal Benefits

Respondents expected that an ecosystem approach will create 
efficiencies that in turn will generate fiscal benefits related 
to rising land costs and diminishing availability of high-
quality conservation areas. If agency and NGO conservation 
and restoration priorities are available in planning, local agen-
cies can respond early to opportunities to acquire land and/
or conduct habitat improvements. MPOs noted that both 
regional and local governments have frequently lacked the 
staff or financial resources to do this early work on their 
own. Thus, this is an important area in which an investment 
by transportation and higher levels of government could 
make a big difference, and where the data investment could 
be used multiple times, on multiple scales. Insufficient agency 
resources can be an incentive to partner with others to accom-
plish the needed conservation, restoration, and recovery 
work. Representatives from most agency groups indicated 
that, although upfront costs are a barrier, they saw eventual 
cost savings for mitigation conducted in this fashion, which 
could be directed to more and better mitigation with over-
all savings. The newly authorized landscape conservation 
cooperatives operate on this principle and focus on data 
and research gaps. More broadly, partnerships leverage mul-
tiple funding sources for resource protection, restoration, 
and enhancement. Together, DOTs, land trusts, and other 
NGOs and resource agencies can design landscape-scale proj-
ects that are implemented with multiple sources of funding 
and a combination of private and public management and 
ownership.

A back-of-the-envelope analysis of potential cost savings 
conducted for this project showed that relatively modest invest-
ments could produce huge savings, state by state, county  
by county, municipality by municipality, and project by proj-
ect. However, it can be difficult to document or extrapolate 
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environmental cost savings. For many DOTs, two related major 
obstacles are lack of data on the environment and the expense 
of collecting the needed environmental data. The long-term 
nature of environmental programs means that data needed to 
illustrate effectiveness for annual performance goals and mea-
sures are often not available. As noted in Managing for Results: 
EPA Faces Challenges in Developing Results-Oriented Perfor-
mance Goals and Measures, the limited availability of data on 
environmental conditions is a major challenge in establishing 
a relationship between a program’s activities and resulting 
changes in the environment (U.S. Government Account-
ing Office 2000). The Heinz Center for Science, Economics & 
Environment (closed in 2013) had been working on a partner-
ship to develop a common set of indicators among federal 
agencies and gear data to speak to common environmental 
indicators (Stokstad 2008). In 2008, the Center issued a com-
prehensive update on the health of U.S. ecosystems, along with 
a plea for the U.S. government to coordinate and fund future 
assessments (Stokstad 2008).

The Oregon DOT, in collaboration with the Oregon Bridge 
Delivery Partners, analyzed the cost–benefit differences between 
a traditional project permitting approach and the program-
matic permitting process used in the Oregon Transportation 
Improvement Act (OTIA) III State Bridge Delivery Program. 
Overall, programmatic permitting created delivery efficiencies 
and economies of scale in the delivery of 365 bridges within the 
program. The primary benefits measured were reduced costs 
in four areas: (1) obtaining permits, (2) completing reviews 
under the National Environmental Policy Act of 1969 
(NEPA), (3) providing wetland and habitat mitigation, and 
(4) completing bridge designs (Oregon Department of Trans-
portation 2008). In Oregon’s case, environmental benefits 
were not calculated and would be additional. The Oregon 
DOT analysis showed that the mean return on investment for 
the programmatic permitting process was $3.19 for every  
$1 expended versus $0.75 for every $1 expended in a tradi-
tional permitting approach (Oregon Department of Trans-
portation 2008).

A true cost–benefit analysis that quantifies all the major 
benefits of ecosystem-based approaches and generates a net 
equation of all the factors is not feasible. For one, different 
parties value the intangible benefits in different ways and to 
different extents. Florida DOT and nearly 30 cooperating 
agencies created a vision of a more efficient and environmen-
tally meaningful and effective consultation process when they 
crafted their efficient transportation decision-making frame-
work. In interviews, one federal resource agency representa-
tive said that federal and state agencies in Florida thought 
they achieved a 100% improvement in quality of environ-
mental analysis and consultation with 50% less effort. The 
extent to which such intangible benefits are valued, however, 
depends on the individuals involved.

Improved Outcomes  
for the Natural Environment

Responding agencies saw several specific benefits to the natural 
environment with ecosystem-based approaches:

•	 Satisfying the highest watershed needs and obtaining water 
quality and habitat function rather than just getting wetland 
acreage;

•	 Acquiring mitigation and/or conservation lands prior to 
impacts;

•	 Effectively conserving larger-scale ecosystems, which have 
less long-term risk of various alterations and secondary 
impacts from adjacent land use activities; and

•	 Mitigating lost resources beyond what is achievable with 
isolated project-by-project reviews.

Ecosystem-based approaches also offer the following 
conservation incentives:

•	 Helping recover currently listed species (by supporting iden-
tification of biological processes critical to achieving self-
sustaining populations) and preventing new species from 
being listed;

•	 Balancing actions protecting suites of species and consid-
ering landscape context;

•	 Improving agencies’ ability to respond to climate change;
•	 Supporting state efforts to efficiently address resource needs 

in multiple areas from multiple mandates; and
•	 Focusing on ecosystem priorities, including mitigation 

and conservation with higher rates of long-term success.

“Conservation banking” typically establishes larger reserves 
and enhances habitat connectivity. From the NOAA Fisheries or 
USFWS perspective, banking reduces the piecemeal approach 
to conservation efforts that can result from individual projects. 
Directing smaller individual mitigation actions into a bank 
streamlines compliance for the individual permit applicants or 
project proponents while providing an improved benefit to the 
target resources. By involving an array of diverse organizations 
with interests in protecting recreation areas; game species; 
threatened, endangered, and other nongame species; as well as 
associated habitats, conservation banking can bring together 
financial resources, planning, and scientific expertise not prac-
ticable for smaller conservation actions. Collaborative efforts 
allow agencies to take advantage of economies of scale (both 
financial and biological), funding sources, and management, 
scientific, and planning resources that are not typically available 
at the individual project level. Off-site conservation may offer 
the possibility for greater environmental benefit. Many DOTs 
welcome the opportunity to partner with others and contribute 
to large-scale conservation that may substantially enhance 
ecosystem conservation or species recovery.
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Barriers

Despite the benefits, there are barriers to implementing eco-
system approaches. Key issues and categories of barriers iden-
tified through interviews are described, starting with those 
most frequently mentioned:

•	 Lack of resources, especially time and staff, and to a lesser 
extent, training and the need for champions. Insufficient 
resources such as funding, information and communication 
systems, staff shortages or staff turnover, and inadequate 
analysis tools can hinder agencies’ and staffers’ abilities to get 
to the unconventional, more creative, or larger-scale data-
intensive analysis. Lack of funding or high upfront costs of 
mitigation planning and environmental investments and 
the competition for funding with transportation are also 
resource barriers.

•	 Lack of data, information, and tools necessary to implement 
ecosystem-based approaches. The greatest number of respon-
dents said the key barrier was the lack of data and agreement 
around the most important resources, sensitive areas, or con-
servation opportunities; or lack of information on priorities. 
Other frequent responses included lack of plans that are geo-
spatially mapped and lack of long-range, comprehensive, or 
coordinated information.

•	 Challenges associated with change. Many comments were 
related to the broader challenge associated with change, 
including fear of doing something a different way. For exam-
ple, some respondents felt that by adhering to established 
methods, they reduce the risk that their decision could be 
challenged or their agency sued. Other factors include lack 
of regulatory requirements or incentives to change and a 
tendency to prioritize using limited resources to accomplish 
what is required by law. Specific comments related to change-
related challenges include the following:
44 There is a lack of jurisdiction to require and enforce 
conditions for nonregulated issues.

44 Agreeing to any type of mitigation when the impacts are 
not well defined can be difficult. Because better definition 
of impacts typically occurs later in project development, 
examination is often delayed.

44 There is no requirement to analyze the environmental 
impacts of long-range plans. State DOTs may complete 
corridor plans if they choose, but they are not subject to 
NEPA requirements, and FHWA may not be involved.

44 Changes and direction made at high levels or with man-
agement support are not always implemented in the field.

44 The need to cut costs makes it difficult to implement 
conservation practices.

•	 Ecosystem-based approaches are challenging to implement or 
there is a lack of understanding of how to implement these 
approaches. Impact analysis is not usually done at scales 
greater than the corridor. Uncertainty about how to 

assign credits was mentioned frequently. Ecosystem-based 
approaches can also be difficult to implement for newer staff 
and for those unfamiliar with the processes and interests of 
other parties involved, how to build a common vision with 
them, and how to incentivize agreement or movement to a 
common approach. Staff may not be aware of what decisions 
can be made at an earlier stage, on broader data sets, and how 
such early decisions can be effectively accomplished. They 
may not be aware of higher-level support for ecosystem 
approaches, or they may be unclear on their immediate 
supervisor’s position and how to motivate change that would 
enable the whole group to achieve an optimum solution.

•	 Issues around coordination, communication, and collabora-
tion and differences in missions or scope of missions among 
the agencies. Practitioners noted the difficulty of including 
all the stakeholders in a geographic area working toward a 
concerted effort. Others noted that some agencies are hes-
itant to share sensitive data, making it difficult to plan. Sev-
eral DOTs mentioned issues associated with the idea that 
mitigation done by private for-profit bankers targets their 
profit objectives more than environmental objectives.

•	 Restrictions or assumed restrictions in regulations and guid-
ance. State regulations were mentioned as sometimes being a 
barrier. Some respondents had a perception that the sequenc-
ing requirements in CWA Section 404(b)(1) guidelines 
restrict USACE from approving mitigation before permitting 
a project. This perception could stem from an interpretation 
of the regulations that require that applicants first avoid and 
then minimize impacts before the evaluation of their mitiga-
tion proposal by USACE. USACE cannot provide firm assur-
ance that advanced mitigation work could be used to offset 
impacts from a future project.

•	 Restrictions in the planning and decision-making process at 
the various agencies involved. Respondents mentioned the 
following issues:
44 Breaking down DOT processes and regulatory processes 
to see where they can better align is difficult.

44 There are severe consequences for not meeting scope, 
schedule, and budget constraints, because these all drive 
project delivery.

44 There is a lack of consistency in how planning is con-
ducted (e.g., between districts in conducting corridor 
planning in general and in the corridor planning–NEPA 
integration process).

44 Regional planning organization and MPO goals are often 
based on providing after-the-fact remedies to traffic prob-
lems that are initially caused by local zoning issues and 
decisions.

44 Recovery and conservation objectives often fall last 
among priorities and policy objectives identified in plan-
ning and decision making. They typically come after 
supporting development and improving transportation 
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function (or with resource agencies, benefit to a certain 
or listed species).

•	 Lack of assurances that mitigation can be paid for today and 
count for impacts of future projects.

•	 Documentation is an issue for all agencies, but DOTs espe-
cially. All early, upfront consultation must be documented 
and linked to a regulatory process.

assurance Needs

Many of the barriers identified in the previous section are 
related to the need for assurance. Both transportation and 
resource agencies would benefit from closer coordination ear-
lier in the transportation decision-making process. For early 
coordination to be viable, transportation and resource agen-
cies need assurance that what they agree to early in the decision- 
making process, potentially at the planning level, will occur 
and count later, in project development and permitting. These 
needs are explored further.

Assurances Resource Agencies Can  
Provide for Transportation Agencies

To partner on and implement ecosystem approaches, trans-
portation agencies need a variety of assurances that resource 
or regulatory agencies can provide.

Mitigation Counts

Investments by DOTs in advance mitigation or conservation 
are based on agreements, programs, and actions that require 
long-term commitments and significant investments of time 
and financial resources. Before committing to these invest-
ments, the transportation agencies must have a level of assur-
ance from the regulatory agencies that their investments will 
be recognized and that they will receive credit when the per-
mit or consultation is finalized. This does not mean, however, 
that upfront mitigation guarantees that a future project will 
be permitted. Transportation funds are constrained to trans-
portation purposes, and federal funding for transportation 
mitigation must be spent for and count for that purpose.

Regulatory Compliance Achieved

DOTs invest in early environmental planning, consultation, 
and mitigation to assure that issues on the critical path to proj-
ect completion have been resolved. This assurance is accom-
plished to the degree that CWA Section 404 reviews and ESA 
Section 7 consultation processes are complete or key issues are 
decided. In the past, resource agencies have relied on engi-
neering detail, site surveys, and relatively late decision making. 
This practice has been due in part to having relatively less 

environmental information available in planning and more 
engineering details and survey data available in project devel-
opment. Opportunities for earlier decision making and achiev-
ing the consequent environmental benefits could expand with 
more data and decision making in planning.

Goals, commitments, and any decisions that are made or 
can be made in the regulatory process should be documented 
to minimize the potential for revisiting or reopening decisions 
or agreements. The IEF identifies how and when some of these 
early discussions and decisions can occur and subsequently 
feed into the CWA Section 404 reviews and ESA Section 7 con-
sultation processes.

Reopening Clauses Minimized

Reopening clauses are the language in the agreement that 
describes the conditions under which a decision would be 
reopened or revisited. The more circumstances under which 
a decision would be reopened or reconsidered, the less pre-
dictability for the DOT, and the less incentive for it to make 
ecosystem investments up front.

The ability to minimize reopening clauses is highly depen-
dent on several variables. First, the DOT must be prepared to 
offer project details, especially mile marker beginning and 
end points, and basic information on the type of project envi-
sioned. Early project review will not be possible without this 
minimum set of information.

Reopening may also occur if the project changes beyond the 
scope described in the initial consultation. Naturally, broader 
descriptions are more encompassing and less vulnerable to 
reopening.

Reopening can also occur when the environment or situa-
tion for the resource changes substantially from that origi-
nally described. Land use change from outside sources; climate 
change; and threats to species, ecosystems, and water resources 
from drought, temperature rise, and attendant changes are 
some of the greatest threats of environmental change that can 
lead to reopening programmatic decisions. Effective action to 
avoid and minimize contributions to climate change and over-
estimating needed mitigation to offer a compensation buffer 
are the most effective strategies to minimize this risk.

Assurances Transportation Agencies  
Can Provide for Resource Agencies

Resource agencies have needs that must be addressed to 
ensure regulatory processes are satisfied.

Avoidance and Minimization

Regulatory agencies must be assured that the requirements of 
the regulations they carry out are being met. The two main 
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environmental regulations that affect the transportation 
decision-making process are the CWA and the ESA. The 
assurance needs related to these two acts are described.

Requirements of the Clean Water Act

Regulations require that transportation actions avoid and then 
minimize impacts to Waters of the United States. Typically, the 
project development and permitting processes provide these 
assurances. Projects that require filling or excavating wetlands, 
streams, and other Waters of the United States require permits 
under Section 404 and state certification under Section 401 of 
the CWA. Regulatory authority for the Section 404 program 
lies with USACE, with EPA having ultimate authority over 
jurisdiction, exemptions, and specification of disposal sites. 
Table 3.1 describes these agencies’ respective responsibilities.

In general, USACE cannot issue a permit if a practicable 
alternative exists that is less damaging to aquatic resources 
or if the project results in significant degradation to Waters 
of the United States. Permit reviews follow guidelines 
established in CWA Section 404 (b)(1), which specify that 
applicants must

•	 Avoid impacts on Waters of the United States to the extent 
possible.

•	 Minimize those impacts that could not be avoided.
•	 Provide compensatory mitigation for unavoidable impacts.

Assurances that minimize damage to wetlands and other 
aquatic resources are provided through the alternatives analy-
sis process, in particular the 404(b)(1) guidelines. USACE 
and EPA view projects in two broad categories: water depen-
dent (docks, piers, water intakes) and nonwater dependent. 

USACE and EPA assume that alternatives that do not involve 
filling or excavating Waters of the United States always exist 
for nonwater-dependent projects, such as highway projects. It 
is up to the applicant to rebut this presumption, a higher 
“bar,” through material provided in the permit application, or 
as with most DOTs, during project development.

Requirements of the Endangered Species Act

By law, USFWS and NOAA Fisheries, referred to as the Ser-
vices, cannot allow actions that will jeopardize the existence 
of a species listed under the ESA. Before they can allow a pro-
posed action to proceed, the Services need assurances that the 
action will not result in this determination. The Services gain 
a level of assurance during the ESA Section 7 process, including 
their review of the transportation agency’s biological assess-
ment (BA) for the proposed action.

Once the Services are confident that the proposed action 
is not likely to jeopardize the continued existence of a listed 
species or result in the destruction or adverse modification 
of designated critical habitat, they issue a final biological 
opinion (BO) with a concurrence letter and, if required, an 
incidental take permit for the proposed action. The final 
approved BO with concurrence letter conveys the Services’ 
opinion that the proposed project meets the requirements 
of the ESA.

Implementation of Mitigation  
or Conservation Investment

Resource agencies need assurances that the agreed-on conser-
vation investment and advance mitigation will be implemented 
and successful in achieving the proposed function. Advance 
mitigation is the most easily verified and assured option inso-
far as purchase and legal protections occur in advance of 
any impact. Although longer-term enhancement strategies are 
more complicated to document, DOTs and resource agencies 
often work out feasible annual monitoring arrangements. 
Failure to implement conservation investments could result 
in fines.

Performance of Design Commitments

Resource agencies need assurances that transportation proj-
ects will be designed as agreed. Design requirements are 
typically incorporated in DOT design plans. Construction 
and maintenance requirements are incorporated into the best 
management practices (BMPs) the agency applies to the proj-
ect. DOTs use various lists and tracking mechanisms to ensure 
that environmental commitments are fulfilled.

DOTs have significant incentives to ensure that commit-
ments are carried through project design and construction. 

Table 3.1. Regulatory Agency Authority Under 
Section 404 of the Clean Water Act

USACE Section 404 
Responsibility

EPA Section 404 
Responsibility

Implements the program day  
to day.

Performs jurisdictional 
determinations.

Has ultimate authority over 
jurisdiction, exemptions, and 
specification of disposal sites 
through Section 404(b)(1) 
guidelines.

Reviews and issues general and 
individual permits.

Develops policy and guidance. Reviews and comments on indi-
vidual permit applications.

Enforces most Section 404 
actions.

Enforces cases referred to EPA.
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The processes by which DOTs ensure they fulfill their environ-
mental commitments are extremely important, as breakdowns 
in these processes can produce notable negative results. When 
transportation agencies fail to implement environmental 
commitments they face increased regulatory burdens, project 
delays, and loss of regulatory and resource agency and public 
trust, which affect the agency’s ability to deliver the transpor-
tation program or individual projects in a cost-effective and 
timely manner. It may take years for agencies to recover from 
an instance of lost trust.

Asset Maintenance

Resource agencies need an assurance that some entity will 
maintain the asset or real estate right for its intended mitigation 
purpose. This responsibility takes planning and can require 
substantial capital outlay. DOTs typically partner with depart-
ments of natural resources (DNRs) or NGOs as long-term 
managers to align agencies’ missions, interests, and skills with 
the needs at hand and to further public objectives. Private for-
profit mitigation bankers often want to turn a project over to an 
agency (e.g., a municipality or DNR) after credits have been 
released. The custodial party’s willingness to assume responsi-
bility for land management depends on whether the mitigation 
strategy and investment will contribute to the organization’s 
plans and objectives (e.g., watershed plans, ecoregional conser-
vation priorities, or state wildlife action plans). Mitigation done 
wherever it might generate the highest return, where it is conve-
nient, or where the land is already owned may not address larger 
ecosystem objectives. The challenges involved in long-term 
maintenance are discussed later in this report.

Ongoing Management

Once an entity assumes ownership, they must keep managing 
the asset as part of their ongoing work or provide assurances 
that others will carry out this responsibility. If the DOT is main-
taining the asset, then ideally it is incorporated into an asset 
management or maintenance management system; however, 
there are different opinions on this.

Progress Toward Ecoregional  
Conservation Objectives

Progress toward environmental objectives is of interest to all 
parties. DOT environmental professionals have a strong inter-
est in seeing public dollars well spent and being able to show 
that environmental funds are not just focused on reports or 
mitigation investments that fall far short of what could have 
been accomplished for the resources in question. Although 
process requirements may be a top objective, resource agencies 
have core conservation missions and objectives. Resource 
agencies seek assurances that the conservation investment and/
or advance mitigation by transportation agencies will serve as 
intended and that net gains are produced for the protected 
resource at larger scales. All parties have an interest in avoiding 
future listings of threatened and endangered species.

With the new mitigation rule, mitigation bankers have 
increased incentive to consider watershed needs in bank siting 
(U.S. Army Corps of Engineers 2008). Environmental NGOs 
use progress toward conservation objectives to gauge their own 
success. Thus, there are great potential incentives for the mul-
tiple parties involved in determining where advance mitigation 
will be located.
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C h a p t e r  4

This chapter summarizes the solutions responding to the 
incentives of and barriers to an ecosystem approach that were 
identified through surveys and interviews. These solutions are 
followed by the essential features of any ecosystem approach 
and a description of the IEF. Methods to provide assurance are 
addressed separately in Chapter 5.

Solutions Identified through 
Surveys and Interviews

Identify Priority Conservation Areas  
and Make Data Available

Respondents noted that regional and nationwide geospatial 
data would assist in addressing many cross-scale questions and 
produce wide-ranging benefits. Geospatial data can assist 
transportation specialists in understanding the ecological 
implications of an individual transportation project. They can 
also be used by planners to understand the broader, cumulative 
impacts of a larger regional or statewide transportation system 
on the natural and human environment. An increased under-
standing of ecological relationships and the implications of 
those ecological relationships can support transportation 
designs that will minimize impacts on the environment and 
reduce mitigation costs and project delivery delays. Because 
individual environmental elements are influenced by regional 
or even global ecological processes, data that provide a larger 
regional or national context may make it easier to understand 
how different transportation projects or systems can affect 
those ecological relationships and pathways that may intersect 
the project planning area.

Respondents recommended the identification of priority 
conservation areas (uplands, wetlands, vegetation communi-
ties), species ranges, and wildlife connectivity by using advanced 
geographic information system (GIS) and ground truthing. 
One idea was the creation of an accessible, easy-to-use database 
showing listed species’ ranges, a bibliography of studies done on 

listed species, and suggested methods to avoid or minimize 
impacts based on project type. It is also important to make these 
data available to decision makers early in the process. Interview-
ees pointed out that if resource agencies share the data they use 
to make decisions, transportation agencies and local govern-
ments will come up with better, more appropriate plans and 
projects from the start.

Other solutions mentioned in this category included the 
following:

•	 Identify areas of overlap between state wildlife action plan 
conservation priorities and areas that support or may be 
capable of supporting federally listed species.

•	 Provide greater specificity as to location of priority resources 
(habitats, wetlands) and provide information on restoration.

•	 Define ecoregion priorities that have buy-in from regulatory 
agencies.

•	 Use Natural Heritage Program (NHP) and mapped state 
wildlife action plan data.

•	 Conduct GIS environmental analysis of the long-range 
transportation plan, MPO plan, or state transportation 
improvement program.

Modify the Current Planning Approach

Agencies frequently mentioned solutions that focus on where 
investments will generate the most environmental benefit. 
Numerous agencies and individuals spoke of the need for 
planning-level analysis, linkage to later environmental pro-
cesses, and programmatic approaches in general.

Improve Coordination Between 
and Within Agencies

Respondents mentioned a need for a variety of annual, quar-
terly, and monthly meetings between transportation and 
resource agencies. Several agencies spoke of the need to take 

Solutions
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time to educate each other on their needs and processes. 
Agencies also emphasized the importance of trust between 
agencies.

Multiple agencies recommended consultation with agen-
cies responsible for land use management, natural resources, 
environmental protection, conservation, and historic pres-
ervation during development of long-range transportation 
plans and leveraging the interrelationships between improv-
ing energy efficiency, reducing greenhouse gases, increasing 
accessibility, and addressing natural resource priorities. Major 
concurrent work by other infrastructure sectors could drive 
these partnerships. It was also noted that formal frameworks 
for these relationships would be helpful.

Several respondents spoke about needed or helpful changes 
in internal coordination and support. For example, Caltrans 
created a structured process of briefing agency heads first so 
they could speak in an informed fashion at their conservation 
and infrastructure workshop and provide initial leadership to 
their own staffs, with midlevel managers meeting later to 
expand and articulate plans and goals. Likewise, in North Caro-
lina, Florida, and Colorado, agency leaders or high-ranking offi-
cials provided key leadership by signing off on the programmatic, 
ecosystem-based approach before other levels worked out the 
details. Empowering or incentivizing staff to come to solutions 
at the field level is another key to success. For example, 
resource agency representatives participate in environmental 
technical assistance teams in each Florida DOT region and 
have the authority and responsibility to evaluate projects and 
coordinate internally, fully representing their agencies’ 
positions. Florida DOT assisted by providing funding. Having 
a clear elevation process so troublesome issues can be passed 
up the chain of command and frontline staff can maintain for-
ward momentum on everything else was also recommended. 
Modification of current roles and responsibilities was seen as a 
solution. One DOT noted the helpfulness and importance of 
speaking with frontline staff members about how their jobs 
and responsibilities would change under the new approach. 
Oregon’s follow-up study on the Oregon Bridges streamlining 
program noted that internal support was somewhat deficient 
and that more outreach, such as “sound bites” that succinctly 
capture program benefits, could have mitigated that problem.

Improve Integration of Transportation 
and Land Use Planning

Integrated planning, specifically integrated transportation 
and land use planning, was mentioned frequently as a solu-
tion. Land use planning was mentioned as the key to man-
aging growth—that is, without strong land use planning, 
transportation projects serve the demand that has already 
exceeded the capacity of the transportation system. Land use 
plans and growth models also provide a good foundation for 

identifying potential cumulative impacts on ecological fea-
tures and possible mitigation opportunities. Land use plan-
ning can also be incorporated into the strategies for natural 
resource protection.

Provide Resources to Execute 
an Ecosystem Approach

Providing needed time, staff, funds, and training resources to 
execute the Eco-Logical approach (Brown 2006) was a common 
suggestion, especially among DOTs, MPOs, and FHWA. The 
need for additional, dedicated funding and the ability to use 
that funding for upfront costs were mentioned most. MPOs 
particularly mentioned the need for funding to do integrated 
planning. Additional staff or environmental staff were men-
tioned by seven respondents. Four DOTs wanted additional 
liaisons in resource agencies. A few DOTs indicated the need to 
use the expertise of NGOs, including training on the data and 
tools they provide. Notably, only one federal resource agency 
respondent mentioned additional staff time, training, or dedi-
cated funding as a solution, although the need for a solution in 
this area is implied by the barriers mentioned.

Demonstrate Benefits and Examples, Report 
Results, and Develop Formal Agreements

State DOTs and FHWA saw a great need to demonstrate eco-
logical and project-related benefits and/or provide examples of 
ecosystem-based approaches. To a lesser extent, NGOs and 
MPOs also suggested this solution. Resource agencies did not 
mention this as a solution, probably because many agencies are 
already aware of the benefits of ecosystem-based approaches. 
Most frequently mentioned in this category was the need for 
examples of success, preferably demonstration projects in indi-
vidual states. Several states mentioned the need for examples of 
the benefits of these approaches in terms of reduced time for 
project approval, cost savings, and better ecological results. 
Three DOT and FHWA respondents saw the need for a good 
business case to demonstrate how and why early investments 
in mitigation will pay off in the long run. Twenty-one respon-
dents suggested developing formal agreements to support 
ecosystem-based approaches. Of these, the highest number 
advocated creating a specific legal document (a memorandum 
of agreement [MOA]) between agencies to provide assurances 
that advance mitigation will count. Assurance methods are 
addressed further in Chapter 5.

Recording and reporting results and/or evaluating perfor-
mance were mentioned as a solution by 10 DOT respondents, 
as well as multiple FHWA, MPO, and local government respon-
dents. MPOs and local governments mentioned requirements 
for consultants to provide semiannual updates of environmen-
tal impacts, a long-range transportation plan policy framework 
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that includes performance measures related to the environ-
ment, and a project measuring how the region is attaining the 
goals of the long-range plan.

essential Features of an 
ecosystem approach  
and the IeF

The barriers, incentives, and solutions identified through sur-
veys and interviews conducted for this effort and supported by 
background research indicate that any ecosystem approach has 
certain essential features. These essential features are presented 
in the first part of this section, followed by a description of 
the IEF.

Essential Features of an Ecosystem Approach

Adheres to Federal Legislation

Ecosystem-based mitigation is an approach to long-term con-
servation similar to those approaches already encouraged in 
laws and regulations. The last two federal transportation acts 
have included provisions that explicitly encourage the use of 
mitigation banks as a way to compensate for impacts on aquatic 
resources associated with federal aid highway projects.

Happens from Outgrowth of Integrated Planning

In an ecosystem-based mitigation system, the process of inte-
grating transportation and ecological planning will produce a 
hierarchy of important resources in a region and their locations. 
A multiagency steering group can guide the development of a 
regional mitigation plan and establish a system of accountabil-
ity and how it will be measured. Logically, decisions to provide 
mitigation in the most ecologically important locations should 
lead to an environmentally preferable result if the mitigation 
occurs and is successful. Accordingly, the service areas for multi-
resource banks may differ from those of wetland mitigation 
banks and species and habitat conservation banks. Depend-
ing on the nature of the ecosystem mitigation proposal, the 
range of impacts for which it provides mitigation may be 
larger or smaller than the service areas of mitigation and 
conservation banks in the same region, and the impacts may 
be defined with reference to ecological areas and resources 
identified during integrated planning. Ultimately, the service 
area of an ecosystem bank will need approval from CWA and 
ESA regulators if it is used to offset impacts authorized under 
these statutes.

Uses Maps of Conservation Priority Areas

Many states have developed geospatially mapped conserva-
tion priority areas as part of their state wildlife action plan-

ning efforts. In states where these are not available, The Nature 
Conservancy maintains ecoregional conservation plans with 
identified conservation priorities based on factors determined 
by the state natural heritage programs, university researchers, 
and state and federal resource agency staff.

Focuses on Ecosystem-Level Priorities

Information is often available on the historic range of species 
and habitats relative to what is left today. Ecosystem-level eco-
logical priorities determined as a “desired future condition” may 
include the protection of specific species, community types, or 
landscape functions such as habitat connectivity, productivity, 
or yield. The Wildlife Society’s Performance Measures for Ecosys-
tem Management and Ecological Sustainability provides a start-
ing point for evaluating specific structures, functions, and 
processes that can be used to assess ecosystem health and overall 
condition (Haufler et al. 2002).

Addresses Vanishing Opportunities

Both DOT and resource agency environmental professionals 
have been faced with opportunities for which timely action 
could yield outstanding ecological benefits and delay could lead 
to a potentially permanent loss of the opportunity. These cir-
cumstances are becoming increasingly common. Ecosystem-
based mitigation is well oriented to take advantage of these 
vanishing opportunities before they are lost. The interagency 
Eco-Logical guidance (Brown 2006) takes seriously the threats 
to existing high-quality conservation lands and recognizes 
that joint conservation action is often the only way to prevent 
destruction or degradation of such lands.

Considers Net Benefits

Quantification of resource values could facilitate equitable or 
improved comparison between proposed ecological restoration 
activities and the impacts on those values by a proposed project. 
In addition to serving as an important proponent in developing 
and using conservation banks, USFWS set a precedent for eval-
uating net benefits in a 2003 guidance memorandum for ESA 
Section 7 consultations with the U.S. Forest Service regarding 
hazardous fuel treatment projects. The memorandum advo-
cates adoption of a long-term view when consulting on projects 
under Section 7 and acknowledgement that some projects may 
have short-term adverse effects on some listed species. At the 
same time, the memorandum states

Projects with expected net benefits that outweigh short-
term adverse effects should be expedited in the interest of the 
conservation or restoration of native ecosystems and the spe-
cies that inhabit them. The jeopardy analysis for the Section 7 
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consultation should take into account whether the short-term 
adverse impacts to the individuals are outweighed by the long-
term conservation benefits to the species as a whole. (U.S. Fish 
and Wildlife Service 2002)

FHWA, the Oregon DOT, and USFWS describe this net 
benefits approach in their comprehensive mitigation and con-
servation strategy (CMCS). The CMCS integrates wetlands 
mitigation with habitat conservation and allows impacts to be 
evaluated at the ecosystem level, with a single accounting sys-
tem for assigning mitigation credit and debit across all agen-
cies. It establishes a program-level mitigation and conservation 
approach along with specific conservation and mitigation 
banks that serve regional ecological priorities:

Habitat management areas and actions will be designed to 
achieve a meaningful net conservation benefit. Actions should 
be designed and the overall CMCS program should be imple-
mented so that on-ground benefits to species/resources at the 
program scale provide greater ecological benefit than typical 
on-site mitigation efforts. This additional value will come from 
focusing not only on compensatory mitigation, but also by pro-
viding additional benefits in support of species recovery and 
conservation goals. (Oregon Department of Transportation 
et al. 2005)

Uses Multiresource Habitat-Based Approaches

Instead of looking at wetland mitigation and species mitigation 
as separate activities, ecosystem-based mitigation agreements 
look at these and other resource functions of the ecosystem 
holistically and look for synergistic opportunities, thus adding 
value to these systems. By encompassing wetland and upland 
habitat into a complete mosaic, strategically located within 
a landscape and/or watershed, ecosystem-based mitigation 
enables the protection of ecological functions, values, and 
processes that are believed to be most important for the 
regional ecosystem. Habitats and vegetation communities 
are linking mechanisms. Case law establishes well that the 
ESA is concerned with two variables in the context of spe-
cies preservation: the number of species and the amount of 
species habitat.

Under 16 U.S.C. Sec. 1536(a)(2), the test for whether a 
habitat proxy is permissible is whether it “reasonably ensures” 
that the proxy results mirror reality (Gifford Pinchot Task 
Force v. United States Fish and Wildlife Service, 378 F.3d 1059 
[9th Cir. 2004]). In the latter, the judge noted that “as 16 
U.S.C. §1531 et seq., does not prescribe how the jeopardy 
prong is to be determined, nor how species populations are to 
be estimated, it is a permissible interpretation of the statute 
to rest the jeopardy analysis on a habitat proxy.” Likewise, 
USFWS has argued that predicting species jeopardy based on 

habitat degradation is within the realm of agency discretion, 
is scientifically sound, and has been approved by this court in 
other contexts. An agency’s scientific methodology is owed 
substantial deference (United States v. Alpine Land and Reser-
voir Co., 887 F.2d 207, 213 [9th Cir. 1989]), and in the context 
of deference to scientific methodology, the holding of Inland 
Empire Pub. Lands Council v. United States Forest Service, 88 
F.3d 754, 761 (9th Cir. 1996), is appropriate, including defer-
ence to the agency’s expertise in allowing this “proxy on proxy” 
approach.

The principle of allowing an agency to use proxy modeling 
to evaluate species population so long as that proxy has a high 
correlation with the relevant species’ population is . . . appli-
cable in the ESA context. The test for whether the habitat proxy 
is permissible in this case is whether it “reasonably ensures” 
that the proxy results mirror reality. See Idaho Sporting Cong., 
Inc. v. Rittenhouse, 305 F.3d 957, 972-73 (9th Cir. 2002) (hold-
ing that deference to proxy on proxy approaches is not war-
ranted when the proxy method does not “reasonably ensure” 
accurate results); Ariz. Cattle Growers’, 273 F.3d at 1250 (“The 
use of ecological conditions as a surrogate for defining the 
amount or extent of incidental take is reasonable so long as 
these conditions are linked to the take of a protected species”) 
(Federal Highway Administration 2005).

In the Pinchot case the court found that the habitat analysis 
was not a simplistic “x acres = y species individuals” but was 
strengthened by taking into account the type of land, extent of 
degradation of the habitat, relationship between different hab-
itats, the species’ distribution, and the species’ range. The jeop-
ardy analysis also takes into account nonhabitat factors, 
including competition from other species and disease. “This 
detailed model for owl population is sufficient to ensure that 
the USFWS’ habitat proxy reasonably correlates to the actual 
population of owls. . . . Bearing in mind the deference owed the 
USFWS’ scientific judgment, Alpine Land, 887 F.2d at 213, we 
cannot say that use of a habitat proxy was impermissible. . . . 
Focus on actual species count is an overly narrow interpreta-
tion of what is required under the jeopardy prong. . . . Because 
the ESA does not prescribe how the jeopardy prong is to be 
determined, nor how species populations are to be estimated, 
we hold that it is a permissible interpretation of the statute to 
rest the jeopardy analysis on a habitat proxy” (Federal Highway 
Administration 2005). The court ruled that “[f]urther, if habi-
tat models are sufficiently accurate and are robust, in the 
sense that the results are accurate in many cases, then the 
models function as if the USFWS were counting species indi-
viduals,” accomplishing the same function (Federal Highway 
Administration 2005).

In NWF v. Babbitt, the Ninth Circuit court upheld a habitat-
based approach, saying that counting species individuals was 
not required. The court rejected the plaintiff ’s arguments that 
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the Plan was obliged to “estimate the number of individual 
members of a species within the Permit area” and “then esti-
mate the number of members of the species that will be 
taken,” saying there is “no authority for this interpretation of 
the ESA.”

Builds on Existing Effectively Conserved Areas

For at-risk species and ecological communities, effective 
conservation occurs when, given current conditions, bio-
diversity is expected to persist as a result of conservation 
actions. Effective conservation is a measure of three catego-
ries: biodiversity status, future threat status, and protection 
and land management status. Scientists generally agree that 
retention of functional core areas is an essential conserva-
tion strategy, whether they are harbors for affected species, 
receivers of species needing to move, or systems in which 
species can adapt. Functional core areas must be sufficiently 
connected to receive and export species. Barrier-free disper-
sal corridors (i.e., wildlife movement corridors, which are 
often the areas wildlife use to move from one habitat area to 
another) are important for many species, especially with 
increasing temperatures and climate change.

A species or type of community may be considered effec-
tively conserved when a sufficient number or distribution of 
a conservation target are under effective conservation; that is, 
when all three categories of effective conservation can be evalu-
ated as “good” or “very good.” The Colorado NHP and other 
NHPs have shown how this can be illustrated on a scorecard for 
each state and by ecoregion as roll-up measures from individual 
species and communities. The effect of a conservation and/or 
mitigation area is effectively leveraged and its value increased 
when existing effectively conserved areas are linked where 
they were not before, or at least when larger patches become 
available through locating newly conserved areas adjacent to 
already conserved areas. This practice also effectively 
reduces the risk of isolation or land use change on the sides 
that are merged.

Uses Transportation Funds for Advance  
Mitigation and to Support Priorities

The ability to use transportation funding for advance mitiga-
tion of habitat and wetlands has been continually clarified for 
more than a decade. On March 10, 2005, FHWA reiterated 
information on federal aid eligibility of wetland and natural 
habitat mitigation, specifically emphasizing that “wetland 
and natural habitat mitigation measures, such as wetland and 
habitat banks or statewide and regional conservation mea-
sures, are eligible for federal aid participation when they are 
undertaken to create mitigation resources for future trans-

portation projects.” These activities are eligible for funding 
“either concurrent with or in advance of the construction of 
highway or other transportation projects funded under Title 
23, or even in advance of completion of project level environ-
mental reviews” (emphasis retained) under 23 Code of Federal 
Regulations (CFR) Part 710.513 and 23 CFR Part 777, using 
either National Highway System or Surface Transportation 
Program federal aid funds (Federal Highway Administration 
2005). The Transportation Equity Act for the 21st Century 
(TEA-21); the Safe, Accountable, Flexible, Efficient Transpor-
tation Equity Act: A Legacy for Users (SAFETEA-LU); and 
implementing regulations provide other important infor-
mation on the flexibility of FHWA to participate in various 
aspects of mitigation for wetlands and natural habitat. In 
addition to the ability of DOTs to fund mitigation separately 
from transportation projects, mitigation planning, design, 
construction, monitoring, establishment, and acquisition of 
land or “interests therein” are all eligible for funding (23 CFR 
Sec. 777.5). Furthermore, funding for long-term maintenance 
can and should be included with investments in mitigation or 
conservation banks or an in lieu fee (ILF) program (see Chap-
ter 5). DOTs may also acquire lands in cooperation with other 
parties and may transfer lands to an appropriate resource 
management agency or third party, providing for “the contin-
ued use of the lands for the purpose for which they were 
acquired” (23 CFR Sec. 777.11[d]). FHWA’s legal sideboards 
for this flexibility specify that impacts must result from a fed-
eral aid project in order to qualify for federal funds and must 
be considered a “reasonable public expenditure.” DOTs also 
generally avoid acquiring advance mitigation lands by emi-
nent domain and must comply with federal law and state 
transportation planning processes.

Integrated Ecological Framework

As described in Chapter 1, this project was conducted in close 
cooperation with a related SHRP 2 effort (described in Vol-
ume 2 of this three-report series). The primary product of 
these complementary efforts is the Integrated Ecological 
Framework (IEF). The IEF is a step-by-step process guiding the 
integration of transportation and ecological planning. It was 
developed to respond to the barriers and incentives described 
in Chapter 3, and it encompasses the essential features of an 
ecosystem approach described in the previous section. The 
IEF is available through Transportation for Communities—
Advancing Projects through Partnerships (TCAPP) at trans 
portationforcommunities.com. It is also described in detail 
in volume 2 of this report and in the Practitioner’s Guide. The 
nine steps of the IEF are shown in Figure 4.1. The six critical 
needs that the IEF can answer are listed in a sidebar in the 
November–December 2013 issue of TR News, p. 25.
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Figure 4.1. Steps of the Integrated Ecological Framework.

The Steps of the IEF 

 

Step 1: Build a strong collaborative partnership of transportation and natural resource specialists. Create a 
shared vision representing the environmental and transportation goals for the planning region. Develop the 
collaborative framework necessary for cooperative decision making, data development and management, 
analyses, planning, and implementation.

Step 2: Gather data, expertise, and other inputs about the natural and built environment. Represent all high 
priority conservation and restoration areas and goals (regional ecosystem framework [REF]). Represent an initial 
plan to meet transportation goals.

Step 3: Integrate the conservation and transportation information and goals into a regional ecosystem and 
infrastructure development framework (REIDF).

Step 4: Characterize scenarios of transportation and other land use. Assess the effects of transportation 
scenarios on conservation objectives, create a preferred scenario, and create an ecosystem-based mitigation 
strategy to address remaining impacts.

Steps 5–8: Carry out innovative, ecosystem-based crediting strategies, interagency agreements, mitigation plans, 
programmatic consultations, and permitting to support transportation plans and conservation objectives.

Step 9: Continue to develop and maintain dynamic information on environmental and transportation needs and 
goals, access to cutting-edge conservation and assessment methods, and mitigation monitoring results in order 
to support both a viable partnership vision and future planning at the local, watershed, ecoregional, or state level. 
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C h a p t e r  5

The assurance needs of resource agencies and transporta-
tion agencies as they relate to ecosystem approaches were 
summarized under Assurance Needs in Chapter 3. Many of 
these needs relate to advance mitigation. The goal of mitiga-
tion is to restore, create, enhance, and/or preserve natural 
resources for the purpose of compensating for unavoidable 
resource impacts. Mitigation ensures that ecosystems, habitats, 
and species populations remain sustainable and productive 
over time.

Council on Environmental Quality regulations (40 CFR 
1508.20) define mitigation as

•	 Avoiding an impact altogether by not taking a certain action 
or parts of an action.

•	 Minimizing impacts by limiting the degree or magnitude 
of the action and its implementation.

•	 Rectifying the impact by repairing, rehabilitating, or 
restoring the affected environment.

•	 Reducing the impact over time by preservation and main-
tenance operations during the life of the action.

•	 Compensating for the impact by replacing or providing 
substitute resources or environments.

Existing methods to provide assurances that collective, 
off-site, or advance mitigations are credited to transporta-
tion agencies are inventoried in this section. The inventory 
is organized by first addressing regulatory assurance methods, 
including (1) assurance methods that satisfy the mitigation 
requirements of both the Clean Water Act (CWA) and 
Endangered Species Act (ESA), (2) assurance mechanisms 
used to address the CWA, and (3) mechanisms that address 
the ESA.

Table 5.1, which summarizes the inventory of regulatory 
assurances, is provided as a guide to help point readers to 
methods suited to their particular needs.

programmatic agreements  
for Multiple-purpose Mitigation

Overview

Programmatic agreements address multiple projects and 
can address multiple regulations (i.e., CWA and ESA) and 
multiple resources. In this, they are distinguished from 
project-level approaches. Programmatic agreements are tools 
for achieving ecological benefit across wide scales (watersheds 
and ecoregions) and geographic areas.

Some states have developed programmatic agreements to 
guide and formalize negotiations related to satisfying ESA 
Section 7 and CWA Section 404. Examples include the  
Colorado DOT Shortgrass Prairie Initiative Memorandum of 
Agreement, which records early agreements on the assessment 
(GIS and expert consultation, habitat based) and mitigation 
approach (existing network plus bridges), projects to be covered 
(all construction and maintenance activities for 20 years), 
species to be covered (36 listed and unlisted species), and 
reopening contingencies (Colorado Department of Transpor-
tation et al. 2001).

The following tools are available to help agencies develop 
programmatic agreements:

•	 Programmatic Agreement Toolkit for state departments of 
transportation environmental projects and programs: To 
assist state DOTs in their environmental streamlining, the 
American Association of State Highway and Transportation 
Officials’ (AASHTO) Center for Environmental Excellence 
created this toolkit on developing programmatic agree-
ments. The toolkit presents information, guidance, and 
recommendations on developing and implementing pro-
grammatic agreements among state DOTs, FHWA, and 
agencies responsible for the protection of environmental 

Inventory of Assurance Methods

(text continues on page 28)
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24Table 5.1. Essential Features and Limitations of Mechanisms for Regulatory Assurances

Regulatory 
Tool Description Assurances Provided Advantages Disadvantages

Page 
Number 

in Report

Clean Water Act Section 404 Assurances

Wetland 
banking

Either a DOT or a third party 
establishes an area of con-
structed, restored, or pre-
served wetlands and 
negotiates agreement with 
resource agency regarding 
the number of credits that 
can be sold to applicants 
requiring wetland mitiga-
tion. Applicants pay for 
credits, applying them to 
the mitigation requirements 
for their projects.

Most mitigation is completed 
in advance of the application 
for a permit, though limited 
credits may be available 
before the first year of moni-
toring. Functional wetland 
replacement can be 
required, with no time lag 
between the impact and 
replacement. Bonds or other 
financial assurances help 
make certain a condition is 
achieved.

National Academy and other major studies 
generally show better performance for  
consolidated mitigation, such as ILF and 
banking, over individual on-site, activity-
specific compensatory mitigation projects. 
Multiple resource issues may be addressed 
and provide mitigation credits for these 
issues per legal requirements. Purchasing 
credits potentially minimizes expenses 
involved in site selection, purchase, 
development, monitoring, and long-term 
maintenance.

Banks must be up and approved before  
credits are assigned, as only limited credits 
of total bank mitigation credits may be 
available before first-year monitoring if  
certain stipulations are met. Service areas 
for mitigation banks may not overlap project 
impact areas. Restored or created wetlands 
must be sited to contribute to identified 
watershed needs and priorities, not just 
where some environmental benefit may 
occur or where profit can be maximized.

30

In lieu fee (ILF) 
programs

Third party establishes an 
area of restored or pre-
served wetlands and nego-
tiates agreement with 
resource agency regarding 
the number of credits that 
can be sold to applicants 
requiring wetland mitiga-
tion. The purchaser of ILF 
credits provides payment 
for mitigation to a sponsor 
for a mitigation project. The 
purchaser’s credits are 
applied to the mitigation 
requirements for their 
projects.

Required to perform the miti-
gation within a certain time 
period after the permit is 
issued. Functional wetland 
replacement exists.

Bonds or other financial 
assurances help make  
certain function is provided.

National Academy and other major studies 
generally show better performance for  
consolidated mitigation versus individual 
activity-specific compensatory mitigation 
projects.

ILF investments tend to be targeted to  
watershed priorities identified by the state 
agency or conservation group; involve 
larger, more ecologically valuable parcels; 
and have more rigorous, scientific, and 
technical analysis compared with individual 
activity-specific mitigation projects.

Multiple resource issues may be addressed 
and provide mitigation credits for these 
issues per legal requirements.

By paying into the ILF program, DOTs have 
the potential to minimize expenses involved 
in site selection, purchase, development, 
monitoring, and long-term maintenance.

Protected areas must be up and approved 
before credits are assigned.

Service areas for mitigation may not overlap 
project impact areas. Accountability has 
been problematic for some ILF programs.

32

Nationwide 
permit 
(NWP)

Most common general permit 
issued by USACE. Issued 
for specific activities that 
USACE has determined 
result in minor impacts on 
aquatic systems.

Designing a project such that 
it qualifies for an NWP dem-
onstrates substantial avoid-
ance and minimization.

Resource agencies are generally assured that 
avoidance and minimization have occurred, 
and impacts are minimal.

DOTs benefit through increased predictability 
(NWPs are granted if certain requirements 
are met and sometimes written concur-
rence is not necessary). NWPs have much 
faster review times; there is a 45-day 
review period once USACE receives a 
completed preconstruction notification.

Especially useful with programmatic agree-
ments for Section 106 or ESA consultation.

Projects must be designed to meet specific 
permit requirements and 401 requirements. 
National requirements exist, and many 
USACE districts have added district, 
regional, or state conditions. Limited to 
specific project activities.

35
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Regional  
general  
permit (RGP)

Permits issued to cover  
activities within a limited 
geographic area.

Designing a project such that 
it qualifies for an RGP  
demonstrates substantial 
avoidance and minimization.

Resource agencies are generally assured that 
avoidance and minimization have occurred, 
and impacts are minimal.

DOTs benefit through increased predictability 
(RGPs are granted if certain requirements 
are met and written concurrence is not 
necessary) and faster review times.

Can be very effective with programmatic 
agreements for ESA consultation.

Projects must be designed to meet specific 
permit requirements and 401 requirements. 
Requirements differ by USACE district and 
state.

Limited to specific geographic areas.

35

Special area 
management 
plan (SAMP)

SAMPs are USACE’s main 
vehicle for taking a water-
shed approach and stream-
lining permitting on a 
watershed basis.

USACE undertakes a com pre-
hensive review of aquatic 
resources in an entire water-
shed to achieve a balance 
between aquatic resource 
protection and reasonable 
economic development and 
infrastructure.

Assures comprehensive eval-
uation of aquatic resources 
and potential development 
impacts in a geographic 
area to identify priority areas 
for preservation, identify 
potential restoration areas, 
and determine the least 
environmentally damaging 
locations for proposed 
projects.

SAMPs produce abbreviated permitting  
procedures and assure Waters of United 
States are preserved in the right places.

Sensitive (high-quality) areas and potential 
areas for development (lower-quality areas) 
are identified upfront.

Potential mitigation areas are identified in 
advance of projects. Early identification of 
potential restoration sites eliminates need 
for DOT site evaluation and selection.

Produces efficiencies for permittees with 
much faster processing times and greater 
clarity about regulatory expectations.

Useful in especially sensitive environments 
under intense development pressure.

Although SAMPs lay out critical resources, 
potential development sites, and potential 
compensatory mitigation areas, they are 
not super permits. However, RGPs may  
be designed around the SAMP to help 
implement it.

SAMPs can be time consuming to complete, 
but produce time savings once developed.

35

Advance  
identification 
of aquatic 
resources 
(ADID)

Wetland sites providing the 
highest functions and over-
all quality are identified.

By identifying highest-quality 
wetland resources in 
advance, increased avoid-
ance is strongly encouraged.

A permitting component is not 
included, so 404 applicants 
have no increased assurance 
with use of ADID.

Helps both DOTs and regulatory agencies 
reduce conflict situations by communicating 
in advance about what areas are most 
valuable and where complete protection  
is expected. Also assures highest-quality 
wetland resources are identified in 
advance.

Requires expenditure of resources upfront 
and can be time consuming to complete 
the evaluations.

Mechanism has only been used in a handful 
of geographic areas and has been super-
seded by other mechanisms.

Actions in high-quality sites are likely to be 
highly scrutinized.

38

Watershed 
resources 
registries 
(WRRs)

States or other government 
agencies establish a list of 
potential restoration sites 
within a watershed (often 
aquatic/wetland but could 
be terrestrial as well).

Provides some assurance or 
indication that resource 
agencies would value  
restoration of the site.

Early identification of potential restoration sites 
eliminates the need for DOT site evaluation 
and selection.

Sites should be selected to meet specific 
needs of the watersheds.

Can be an important tool for siting potential 
mitigation areas.

Registries may only indicate willingness and 
may not include technical evaluation of 
the site.

Timing for DOT participation may be problem-
atic due to land costs and potential bidding 
war between DOTs and bankers.

38
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Table 5.1. Essential Features and Limitations of Mechanisms for Regulatory Assurances (continued)

Regulatory 
Tool Description Assurances Provided Advantages Disadvantages

Page 
Number 

in Report

Endangered Species Act Section 7 Assurances

Standard ESA 
Section 7 
consultation

Informal or formal consulta-
tion between the federal 
project lead agency (FHWA) 
and USFWS or NOAA 
Fisheries.

Provides FHWA with the 
assurance that listed spe-
cies and their habitats are 
not jeopardized and critical 
habitat is not destroyed or 
adversely modified.

Thorough, documented assessment of 
potential impacts on listed species.

Consultation frequently results in suggestions 
for mitigation efforts, including redesign, 
relocation, and compensatory mitigation.

41

Programmatic 
ESA  
Section 7 
consultation

Programmatic consultations 
evaluate the potential for 
federal agency programs to 
affect listed species and 
designated critical habitat. 
They address species, hab-
itat, or project needs on a 
multiple-project scale, often 
addressing ecosystems as 
well as individual species.

Provides FHWA with the 
assurance that listed spe-
cies and their habitats are 
not jeopardized and critical 
habitat is not destroyed or 
adversely modified. FHWA 
and DOTs receive certainty 
regarding what actions will 
be required to comply with 
Section 7.

Better and more cost-effective integration of 
ecosystem and recovery planning activities 
with Section 7 consultation; streamlined 
consultation processes; added predictabil-
ity for all parties; minimization of the poten-
tial piecemeal effects that can occur when 
evaluating individual projects out of the 
context of the complete agency program; 
and the opportunity to integrate the action 
agency’s 7(a)(1) responsibilities at the  
program level.

Uncertainty regarding specific future projects 
and the future status of species. The Ser-
vices must provide the benefit of the doubt 
to the species and use best available  
scientific information. Depending on the 
complexity of the program to be covered, 
developing programmatic agreement and 
accompanying BA and BO could take  
1–3 years; however, review times for  
covered projects are shortened.

41

Conservation 
banks

Land parcel containing natural 
resource values restored, 
conserved, and managed in 
perpetuity for listed spe-
cies; used to offset impacts 
occurring elsewhere on the 
same resource values.

Permitted banks have been 
determined by the USFWS 
to be an effective conserva-
tion strategy for offsetting 
adverse effects of proposed 
projects on listed species.

Credits sold are considered part of the envi-
ronmental baseline.

Saves time and money by identifying preap-
proved conservation areas and simplifying 
the regulatory process.

Reduces piecemeal approach to conserva-
tion efforts.

May be used to satisfy state-listed species 
requirements.

Appropriate for species where habitat loss is 
a factor (i.e., the vast majority of species).

Not appropriate for all impacts or all projects.
Potential lack of private banks in areas where 

mitigation is most needed.
Establishing DOT-specific banks takes time 

and is expensive, although partnerships 
can make this much more practical.

45
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Recovery 
credits

A specific program estab-
lished to implement recov-
ery actions on nonfederal 
lands for specific species 
while creating a bank of 
credits for a federal agency 
to use to offset the effects 
of its actions.

Recovery credits require a net 
benefit to the recovery of a 
species.

Better and more cost-effective contributions 
to recovery through agency activities, more 
exact analysis, and increased predictability 
for all parties.

Only conservation that occurs on nonfederal 
lands can be counted for recovery credits. 
Actions taken under a recovery credit sys-
tem are still subject to Section 7 consulta-
tion. Some listed species may not be 
appropriate for inclusion in a credit system. 
Private landowner anonymity can be a 
drawback if issues arise with activity on or 
adjacent to the easements because there is 
no landowner to contact when in need of a 
resolution.

49

Habitat  
conservation 
plans (HCPs)

Planning documents required 
as part of an application for 
an incidental take permit 
under Section 10(a)(1)(b) of 
the ESA. They describe the 
anticipated effects of the 
proposed taking, how those 
effects will be minimized 
and mitigated, and how the 
HCP is to be funded.

The Services will honor assur-
ances as long as the per-
mittee is implementing the 
terms and conditions of the 
HCP, permit, and other 
associated documents in 
good faith.

HCPs can apply to both listed and nonlisted 
species, including candidate species. Con-
serving species before they are listed can 
provide early benefits and prevent the need 
for listing. In addition to substantial predict-
ability, HCPs provide for those operating 
under their auspices. The incidental take 
permit allows the permit holder to legally 
proceed with an activity that would other-
wise result in the unlawful take of a listed 
species.

For private landowners only, without a federal 
nexus, although NiSource, the Federal 
Energy Regulatory Commission, and 
USFWS have illustrated that HCPs can be 
used where a federal nexus is involved. 
HCPs must be consistent with species 
recovery plans. HCPs also require NEPA 
and Section 7 ESA reviews.

50

Candidate 
conservation 
agreements 
(CCAs) with 
assurances 
(CCAAs)

CCAs are formal agreements 
between the Services and 
one or more parties to 
address the conservation 
needs of proposed or can-
didate species, or species 
likely to become candi-
dates, before they become 
listed.

The CCAA provides users 
with the assurance that if 
they implement various 
conservation activities, they 
will not be subject to addi-
tional restrictions if the spe-
cies becomes listed under 
the ESA. The assurances 
are only available to non-
federal entities for actions 
on nonfederal lands.

Private landowners can use their land in a 
manner consistent with the agreement with 
the assurance that if they implement 
agreed-on conservation measures, they 
will not be subject to additional restrictions 
if the species becomes listed under the 
ESA. CCAAs are transferable to subse-
quent owners of the land if they choose to 
participate in the agreement.

The CCAA program is specifically targeted to 
nonfederal landowners. Incidental take 
may or may not be authorized (depending 
on the agreement and the species) for  
certain actions. Landowners may need to 
identify and use external sources of fund-
ing to implement the agreement. Monitor-
ing and reporting are required.

51
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resources. These agencies include state historic preservation 
officers, the Advisory Council on Historic Preservation, 
USFWS, USACE, and others. The tool kit focuses primarily 
on programmatic agreements that fulfill FHWA’s responsi-
bilities under Section 106 of the National Historic Preserva-
tion Act of 1966. There are plans to expand the listing in the 
toolkit. FHWA also maintains an internal list of all agree-
ments (American Association of State Highway and Trans-
portation Officials, Programmatic Agreement Tool Kit).

•	 DOT programmatic consultation guidance: In 2000, USFWS, 
in cooperation with FHWA, provided this guidance to help 
streamline ESA compliance on transportation projects. 
The USFWS Director’s Order 108 gives guidance on how 
to establish these agreements. Order 108 provides uniform 
guidance for implementing reimbursable funding agree-
ments between USFWS and state DOTs. A critical part of 
this order is cooperative USFWS participation “in the pre-
scoping and scoping stages of transportation planning, when 
environmental concerns can be resolved most effectively.” 
Thus, USFWS would be initially engaged by the acting 
agencies at the earliest stage of planning efforts. USFWS is 
developing updated programmatic consultation guidance 
for transportation, as well as more general programmatic 
guidance (U.S. Fish and Wildlife Service and Federal Highway 
Administration 2000).

•	 AASHTO library of best practice programmatic agreements: 
AASHTO maintains a library of programmatic agreements 
developed to streamline compliance with federal environ-
mental laws. The library is publicly accessible on the web 
and anyone can submit a request to add a programmatic 
agreement to the library (American Association of State 
Highway and Transportation Officials, Programmatic 
Agreement Library).

CWA Perspective

Off-site mitigation enables consolidation of smaller, poten-
tially scattered mitigation sites into a larger, potentially more 
important and effectively managed mitigation area. Likewise, 
off-site mitigation offers the opportunity to address larger 
watershed needs, if planned with that as a priority. Multiple-
project—and frequently multiresource—mitigation can be 
accomplished through consolidated mitigation such as bank-
ing or ILF programs, which can be oriented toward broader 
ecosystem-based mitigation.

The USACE rule enhances the opportunity for multiresource 
mitigation opportunities by means of watershed plans or other 
regional conservation plans (regulatory or nonregulatory) 
(U.S. Army Corps of Engineers and U.S. Environmental Pro-
tection Agency 2008). Because the focus of the regulatory 
program and mitigation is on replacement of aquatic and 
wetland functions (in-kind or out-of-kind), mitigation is typi-
cally designed to serve multiple resource functions and values. 

The new rule provides additional assurance elements ranging 
from siting to postconstruction monitoring of mitigation sites. 
The new rules also highlight the benefits of programmatic 
approaches such as North Carolina’s Ecosystem Enhancement 
Program and the Washington State DOT’s (WSDOT) Trans-
portation Permit Efficiency and Accountability Committee.

ESA Perspective

According to the USFWS’ conservation banking guidance, 
credits from a conservation bank may be used to compensate 
for environmental impacts authorized under other programs, 
such as CWA Section 404 (U.S. Fish and Wildlife Service 2003).

If impacts occur on the same acre, with multiple species or 
resource values, resources that provide similar crosscutting 
values elsewhere might be conserved at one location. In some 
instances, a bank may contain habitat that is suitable for 
multiple listed species. When this happens, it is important to 
establish how the credits will be divided. For instance, once a 
project buys a credit for one species, that credit cannot be 
sold again for another species. If the proposed project has 
impacts on multiple species and the bank contains the same 
multiple species, then the credits can be sold for in-kind 
replacement. As a general rule, overlapping multiple species 
credits can overlap for a single project, but not multiple projects 
(U.S. Fish and Wildlife Service 2003).

Advantages, Disadvantages, and Examples

Programmatic approaches seek and usually deliver greater 
efficiency and effectiveness. The four examples that follow 
highlight advantages and disadvantages.

Oregon Transportation Improvement Act Program

When the Oregon DOT and FHWA began working with 
several federal and state regulatory and resource agencies in 
late 2002 to develop permitting strategies to meet dual goals 
(providing timely review of individual permit applications 
for the Oregon bridge renewal program and protecting or 
enhancing the natural and built environments), they identified 
the following criteria for their permitting approach:

•	 Efficiency: A primary goal of the streamlining effort was to 
minimize redundancy of permitting hundreds of similar 
projects, reducing the duration of consultation with the 
federal wetland and water-quality permitting agencies (the 
Services) and the state permitting agency (the Oregon 
Department of Fish and Wildlife).

•	 Legal defensibility: The higher the risk of liability and legal 
challenge, the less desirable the approach was to the Oregon 
DOT and the resource/permitting agencies.
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•	 Simplicity: Approaches that reduced the regulatory process 
to the simplest method possible were favored.

•	 Stewardship: A key objective for the Oregon DOT was to 
demonstrate commitment to the stewardship component 
of the agency’s transportation mission through building 
green bridges with minimal effect to the environment.

•	 Agency relations: Maintaining excellent agency relations was 
of paramount importance to the Oregon DOT.

Oregon DOT’s multiresource approach addressed water 
and wetland resources and fluvial performance standards, as 
well as listed and nonlisted species, for which environmental 
performance standards were designed to minimize and avoid 
impacts. A fluvial performance standard was developed to 
ensure that bridges replaced under the Oregon Transporta-
tion Improvement Act (OTIA) III Program would enhance, 
not simply maintain, geomorphologic features at bridge 
sites (Bonoff et al. 2005). The Oregon DOT received the BO 
3 months after submitting the BA. The joint BO from NOAA 
Fisheries and USFWS addressed 73 threatened, endangered, 
proposed, and selected sensitive species and their designated 
or proposed critical habitat. In addition to listed fish, wildlife, 
and plants, the BA satisfied the requirements of the Oregon 
ESA, Marine Mammal Protection Act, Magnuson-Stevens 
Fishery Conservation and Management Act, and Fish and 
Wildlife Coordination Act. Using the programmatic approach, 
85% to 90% of the bridges under the OTIA III Bridge Program 
were permitted, resulting in significant time and cost savings. 
By late 2008, Oregon DOT found that the program had already 
saved about $75 million. This Oregon DOT approach has 
involved relatively little off-site mitigation to date.

Colorado DOT Shortgrass Prairie Initiative

With the shortgrass prairie initiative, the Colorado DOT 
sought coverage for all small- and large-capacity projects that 
might occur in the ecoregion while reducing the risk of listing 
widespread candidate species (e.g., prairie dog, mountain 
plover, others) that would require consultation on nearly 
every project. Another objective was enhancing conservation 
and habitat management for over 30 other imperiled and 
listed species as well as important, nonlisted indicator species 
and aquatic resources. USFWS sought to ensure implementa-
tion of best management practices (BMPs) in state-funded 
maintenance, over which federal agencies had less control, 
along with a standard set of construction practices, most 
extensively applied in aquatic areas. Efficiency, utilization of 
existing species recovery and ecoregional conservation plans, 
leadership, legal defensibility, anticipated threats and costs, 
transparency and simplicity, stewardship, making tangible 
improvements for regulated species, and increasing the 
resilience of the ecosystems were all driving factors. Finally, 

proactive, advance mitigation yielded advantageous mitiga-
tion ratios. USFWS approved all sites and the ongoing monitor-
ing and adaptive management strategy in the programmatic 
BO. Project-level BAs/BOs are expected to be five pages or less 
and discuss projects’ fit within the programmatic approach 
(Colorado Department of Transportation et al. 2001).

North Carolina’s Ecosystem Enhancement Program

North Carolina’s Ecosystem Enhancement Program (EEP) is 
focused primarily on aquatic resources. The east coast and 
the state of North Carolina have many fewer listed species 
than the west coast, but some projects target aquatic species, 
such as endangered mussels. Through one of the first statewide 
watershed-based and -oriented 404 mitigation programs in 
the country, the EEP’s agreement with the North Carolina DOT, 
North Carolina Department of Environment and Natural 
Resources (DENR), and USACE provides

•	 High-quality, cost-effective projects for watershed improve-
ment and protection;

•	 Compensation for unavoidable environmental impacts 
associated with transportation infrastructure and economic 
development; and

•	 Detailed watershed planning and project implementation 
efforts within North Carolina’s threatened or degraded 
watersheds (North Carolina Department of Environment 
and Natural Resources, Ecosystem Enhancement Program).

San Diego’s TransNet Program

In San Diego, California, TransNet, a local transportation 
and environmental mitigation bond program, will provide 
$850 million for the San Diego Association of Governments’ 
(SANDAG) Environmental Mitigation Program. SANDAG 
employs the program to help fill the mitigation needs of the 
major transportation infrastructure improvement projects 
and programs identified in the regional transportation plan. 
In particular, the Environmental Mitigation Program pro-
vides for the proactive, large-scale acquisition and manage-
ment of habitat lands for future mitigation in advance of the 
requirements of each individual project. The program allows 
SANDAG to buy land early—at lower costs—and bank it for 
future needs. For resource agencies, it ensures conservation of 
land that would be otherwise developed and unavailable for 
conservation in the future.

SANDAG estimates that $200 million in economic savings 
could be achieved, which could in turn be applied to region-
wide habitat preservation efforts like the Multiple Species 
Conservation Program and the Multiple Habitat Conservation 
Program. In 2008, the agencies involved signed an agreement on 
how they are going to work together, and the board certified 
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acquisition criteria and a finance plan to determine how much 
will be allocated each year. Acquisitions have been completed, 
and USFWS has issued a BO for Highway 176, among other 
areas (San Diego Association of Governments, TransNet).

Clean Water act  
Section 404 assurances

Overview

Avoidance and minimization are required before the selection 
of any type of compensatory mitigation under the CWA. 
This approach is also a common expectation for conservation 
of other resources. The approaches in this section describe 
alternatives to project-by-project compensatory mitigation, 
as the latter is generally small in scale and may not be able to 
sufficiently address landscape-scale or watershed priorities. 
Discrete mitigation projects focused on one resource are often 
the easiest for agencies to process and consider; however, 
the National Research Council of the National Academy of 
Sciences recognized the shortcomings of this approach to 
compensatory mitigation in their report titled Compensating 
for Wetland Losses Under the Clean Water Act. This report states 
that “The [NAS NRC] committee endorses the watershed 
approach and finds the automatic preference for in-kind and 
on-site compensatory mitigation to be inconsistent with that 
approach” (National Academy of Sciences 2001). Although 
some functions, such as water filtration, are best implemented 
on-site through BMPs, the report noted that “especially under 
a watershed approach” frequently “on-site or in-kind miti-
gation is neither practicable nor environmentally preferable” 
(National Academy of Sciences 2001).

The 2008 Mitigation Rule (U.S. Army Corps of Engineers 
and U.S. Environmental Protection Agency 2008) specifically 
adopts a watershed approach. It requires that no matter what 
type of compensatory mitigation is selected, the decision 
must be guided by determining how compensatory mitiga-
tion will best address defined aquatic resource needs. Such 
needs are guided by “the best tool for planning compensatory 
mitigation, a holistic watershed plan” (National Academy of 
Sciences 2001). Holistic watershed plans are those that (1) have 
been reviewed and approved by federal and state agencies;  
(2) consider multiple stakeholder interests and competing 
land uses; and (3) address issues of habitat, water quality, 
hydrology, cumulative impacts, and restoration priorities for 
a watershed (National Academy of Sciences 2001). In the 
absence of such a plan, the National Research Council and 
USACE have said a watershed-based approach to mitigation 
should be used to develop mitigation proposals. A watershed 
approach takes into account a wide range of factors: site 
conditions that favor or hinder success, the needs of sensitive 
species, chronic environmental problems such as flooding or 

poor water quality, current trends in habitat loss or conver-
sion, current development trends, and the long-term benefits 
of available options.

Rules for the siting, design, and execution of mitigation 
banks are now more formally established. The 2008 Mitiga-
tion Rule raises the value of preservation in an overall com-
pensatory mitigation package, particularly for resources that 
are seen as difficult to replace, and provides additional flexibil-
ity in implementing a watershed approach to compensatory 
mitigation. Required compensation ratios remain greater for 
the preservation component of a proposed compensatory 
mitigation package. Finally, out-of-kind mitigation is sup-
ported under the 2008 regulations, provided that an approved 
watershed plan identifies specific aquatic resource needs 
within the watershed (U.S. Army Corps of Engineers and U.S. 
Environmental Protection Agency 2008).

An overview of the key mitigation elements now required 
by the USACE mitigation rule and the associated assurances 
they support is provided in Table 5.2.

Wetland Banking

How It Works

Wetland mitigation banking involves the restoration, cre-
ation, and enhancement of wetlands. Mitigation banking can 
also include preservation of wetlands expressly for the pur-
pose of compensating for unavoidable losses to wetlands and 
other aquatic resources. The overall goal of a mitigation bank 
is to provide economically efficient and flexible mitigation 
opportunities while fully compensating for wetland and other 
aquatic resource losses in a manner that contributes to the long-
term ecological functioning of the watershed within which the 
bank is located. This goal includes the need to replace essential 
aquatic functions that are at risk of loss within the bank’s 
service area.

Generally, mitigation banking involves the bank sponsor 
restoring, enhancing, establishing, and/or preserving wet-
land and aquatic habitat in advance of development actions. 
Mitigation banks are established through an interagency team 
review process that includes development of banking agree-
ments signed by USACE, responsible resource agencies, and 
the bank sponsor. Any member of the public can purchase 
credits from the bank sponsor to provide compensatory 
mitigation for unavoidable impacts at the proposed project 
site. Consistent with guidance, permittees may use mitigation 
credits from a bank, approved through the interagency review 
team, as partial or full compensation for unavoidable losses 
to the aquatic environment.

Mitigation banking has a solid basis in CWA regulations as 
interpreted by USACE and EPA. This position was described 
in the 1995 wetland mitigation banking guidance and further 
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strengthened and clarified in the 2008 Mitigation Rule  
(U.S. Army Corps of Engineers and U.S. Environmental 
Protection Agency 2008). Transportation legislation has also 
supported the concept. TEA-21 established a preference for 
mitigation banking. Banks may be publicly or privately owned, 
profit or nonprofit. Implementing guidance for the preference 
says that, to the extent that a mitigation bank will provide 
suitable compensation for impacts on Waters of the United 
States caused by a federal aid highway project, a bank should be 
approved for use. In deciding among more than one approved 
bank “and where other suitable mitigation alternatives have 
been identified, the FHWA and State DOT will choose among 
suitable alternatives based on availability and practicability” 
(Federal Highway Administration et al. 2003). Practicability 

considerations used by FHWA include “cost, existing tech-
nology, and logistics, in light of overall project purposes” 
(23 CFR 777.2). USACE and EPA, for Section 404 purposes, 
define practicability in a similar manner and consider prac-
ticability a factor in determining the overall suitability of 
alternatives and compensatory mitigation according to the 
404(b)(1) Guidelines (40 CFR 230.10[a][2]).

Advantages and Disadvantages

Mitigation banks generally reduce uncertainty over the ecologi-
cal success of the mitigation. Banking has been considered ben-
eficial, particularly in its provision of compensatory mitigation 
in advance of impacts (i.e., temporal benefits), although in 

Table 5.2. Overview of the Key Mitigation Elements Required by USACE Mitigation Rule

Mitigation Elements Description Assurances

Site selection criteria Agency measures and evaluators that help to optimize 
external and site-specific conditions that could affect 
success of mitigation site.

Optimal sites are identified by DOTs, banking sponsor, 
ILF sponsor, consistent with USACE mitigation rule.

Site protection  
instruments

Site-specific and external land protection mechanisms. Assure long-term functionality of site by controlling site 
use and adjacent land use, which, if altered, could 
affect quality of mitigation.

Baseline information— 
impact sites

Data and information required to assess functions of 
aquatic resource affected and determine functional 
replacement goals.

Site characterization using validated methods assures 
that affected site features are clearly understood rela-
tive to functions provided.

Baseline information— 
compensation sites

Data and information required to assess overall match  
of mitigation site with original site affected relative  
to ecosystem functions provided.

Site will replace lost functions and/or be suitable as a 
mitigation site.

Credit determination 
 methodology

Mechanism for measuring value of ecosystem services 
to be provided and/or mitigated.

Lost functions will be replaced on a 1:1 or greater basis 
based on aquatic resource type and credit system 
used.

Mitigation work plan Conceptual, design, and construction plans for mitigating 
lost functions of aquatic site.

Establishes physical, biological, and hydrologic  
components of replacement aquatic site.

Maintenance plan Identify measures that will be taken at mitigation site to 
assure that mitigation objectives (functions) are achieved.

Components of mitigation site are sustained to assure 
mitigation objectives are achieved per permit.

Ecological  
performance  
standards

Observable or measurable physical, chemical, and/or 
biological attributes that are used to determine if a 
mitigation project meets its objectives.

Attribute data to set performance standards for measuring 
if mitigation site meets its objectives.

Monitoring  
requirements plan

Plan to identify what and when data and information will 
be collected to determine mitigation site’s conformance 
to approved plans and specifications.

Information and data used to support and document that 
mitigation site meets permit conditions and overall 
mitigation site objectives.

Long-term  
management plan

Plan to establish long-term stewardship of mitigation 
site, including ownership and ongoing maintenance 
after site is determined to meet conditions of permit.

Actions will be taken to protect site and conduct mainte-
nance to assure long-term functions provided are 
sustained.

Adaptive management 
plan

Plan that identifies the management strategy for antici-
pating challenges with the mitigation site and identifies 
actions and commitments to optimize performance.

Both known and unknown challenges will be dealt with 
over the long term.

Financial assurances Monetary commitments required to assure that mitigation 
site will be obtained, monitored, and managed under 
the conditions of the permit.

Adequate funds will be available to complete the  
compensatory mitigation project and comply with  
conditions of permit.

Source: U.S. Army Corps of Engineers and U.S. Environmental Protection Agency (2008).
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actual implementation, a portion of credits may be released 
at the initial establishment of a bank through long-term pro-
tection of the mitigation site. Phased credit release allows banks 
to sell credits as specific milestones are met. Bankers have also 
been criticized for unrealistic long-term management plans 
and presuming that resource agencies or local jurisdictions will 
assume long-term management. Usually these issues should  
be resolved before bank authorization through the banking 
instrument, but sometimes unrealistic plans leave these issues 
addressed in ways that fall short of long-term viability.

According to the 1995 guidance, mitigation banking is 
authorized when “on-site compensation is either not prac-
ticable or use of a mitigation bank is environmentally prefer-
able to on-site compensation”; it is expected to reduce permit 
processing times and provide more cost-effective compensatory 
mitigation opportunities (U.S. Environmental Protection 
Agency and U.S. Army Corps of Engineers 1995). The 2008 
Mitigation Rule actually established a soft preference for the 
use of banking and ILF approaches, in part again because 
compensation is in place before the impacts occur, but also 
because such mitigation is assumed to involve “larger, more 
ecologically valuable parcels, and more rigorous scientific 
and technical analysis, planning and implementation, than 
permittee-responsible mitigation” (U.S. Army Corps of Engi-
neers and U.S. Environmental Protection Agency 2008).

Examples of Wetland Banking

Interviewees at the Michigan DOT indicated that mitigation 
construction and private mitigation banking costs were 
generally $75,000 to $150,000 per acre. Michigan DOT brought 
costs down to about $25,000 to $30,000 per acre and increased 
efficiency and wetland success by implementing a watershed 
approach. First, the department funded wetland mitigation in 
advance, separately from projects, which facilitated selection of 
consolidated mitigation areas designed to address watershed 
needs. Subsequently, it developed a wetland mitigation site 
selection tool that helps staff perform watershed analysis and 
evaluate the restoration potential of prospective sites, based on 
weightings of hydric soils, historic wetlands, and topographic 
wetness. When mitigation was tied to projects, Michigan DOT 
typically took regulators to four or five sites, and if none were 
acceptable, might take them to four or five more. Now, however, 
the process helps the department easily screen out poor sites; 
as a result, regulators now approve 95% of the sites on the 
first showing, making much better use of regulators’ time and 
producing more effective and successful mitigation sites.

An interviewee in the Kentucky Transportation Cabinet 
indicated that they have also dramatically reduced costs by 
partnering with USFWS to find Section 404 mitigation sites. 
A presentation documenting their approach is available online 
(Waldner, Streamlining ESA and USACE Processes).

The WSDOT Springbrook Creek Wetland and Habitat 
Mitigation Bank was designed to reduce the impacts of  
current and future transportation and development projects 
in and around the city of Renton. This project enhanced 
110 acres of wetlands and buffer, restoring and creating a 
larger, connected 20 acres of wetland. Among the benefits, the 
Springbrook Wetland and Habitat Mitigation Bank project 
set up the site in advance of project development and wetland 
impacts and consolidated mitigation for multiple small wet-
land impacts into one large site with greater ecological value 
(Washington State Department of Transportation 2009).

The Illinois DOT wetland mitigation banks include the 
830-acre Morris site in north-central Grundy County; the 
1,640-acre La Grange site in extreme northeastern Brown 
County; and the 105-acre Sugar Camp Creek site in central 
Franklin County. At these sites, wetlands were restored in 
advance of unavoidable losses from highway projects. Impacts 
within the bank’s approved service area may be mitigated at 
the bank. Instruments for both the Morris and La Grange 
bank sites were prepared in accordance with the 1995 federal 
guidance. Sugar Camp Creek was prepared in accordance with 
the April 10, 2008, Compensatory Mitigation for Losses of 
Aquatic Resources; Final Rule (U.S. Army Corps of Engineers 
and U.S. Environmental Protection Agency 2008). The Illinois 
DOT also sponsors three multiuse wetland compensation 
sites located on the floodplain of the Mississippi River in 
Madison and St. Clair counties, which function similarly to 
banks. Wetlands have been restored on each of the sites before 
any loss from highway construction. Use of the sites is deter-
mined on a case-by-case basis. Each of these sites is or will be 
protected in perpetuity with a conservation easement or a 
similar instrument and will be transferred to a resource agency 
or conservation organization for long-term management 
(Illinois Department of Transportation, Illinois Wetland 
Mitigation Banks).

In Lieu Fee

How It Works

An ILF arrangement provides required compensatory miti-
gation off-site for impacts on Waters of the United States. 
Generally, funds are paid to a nonprofit or governmental entity 
such as a state natural resource agency that has performed 
watershed analyses and planning and carries out the mitigation 
project. ILF mitigation is based on watershed needs identified 
by the state, watershed groups, and other conservation partners. 
The purchaser of ILF credits provides payment for mitigation 
to a sponsor for a mitigation project, similar to purchasing 
credits from a mitigation bank, typically providing more 
flexible implementation. For example, the Florida DOT pro-
vides funding to water management districts on a per acre fee, 
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established by state legislation, for unavoidable impacts. Water 
management districts conduct water-quality and restoration 
planning within their districts, identifying both preservation 
and restoration needs.

Advantages of ILF

Most ILF programs reviewed are offered by nonprofit orga-
nizations or land trusts whose primary missions are focused 
on natural resource conservation; thus, the organizations are 
geared to maximize ecological benefit rather than maximize 
financial returns for the owner/investor (Environmental Law 
Institute 2006). These organizations tend to have expertise in 
prioritizing sites for their ecological and other environmental 
values and have significant experience working collaboratively 
with diverse groups to achieve beneficial ecological outcomes 
(Environmental Law Institute 2006).

ILF programs have been pioneers in watershed-based site 
selection and ensuring long-term stewardship of conservation 
and restoration sites. Programs tend to be targeted by water-
shed and thus more effective at addressing specific local needs. 
They also tend to have more intimate, historical knowledge of 
local resources.

Disadvantages of ILF

Although DOT-supported ILF programs typically ensure 
compensatory mitigation in advance of impacts, with other 
ILFs, the lag between the time that permitted impacts occur and 
when mitigation projects are implemented is more difficult 
to manage for permittee-responsible and ILF mitigation. 
Also, securing upfront funds to implement the project can be 
more challenging for nonprofit organizations and land trusts, 
which often have less access to the public and private capital 
necessary to offset the significant upfront expenses typically 
associated with private or publicly funded banks.

Unrealistic plans for financing acquisition, implementation, 
and long-term management can be problematic. Some ILF 
programs have accepted fees after the agreement is in place 
but before site identification and have underestimated the 
costs to replace the aquatic resources lost. Accountability and 
record-keeping were early problems in some cases.

A disconnect between the goals and objectives of USACE 
and mitigation providers can occur when the goals of the 
conservation organizations and USACE do not completely 
coincide. For example, a particular conservation organization 
may prefer land preservation and focus on larger watershed or 
ecoregion needs, while USACE may focus on replacing affected 
aquatic resource functions.

The issues of the Wetland Mitigation Bankers Association 
and the disadvantages previously described were largely 
addressed with the 2008 federal mitigation regulations; ILF 

programs now operate more like a bank. Watershed planning 
remains a key focus of ILF programs, highly compatible with 
the decisive focus of the 2008 regulations. A prospectus and 
ILF instrument must be developed by the sponsor and approved 
by the district engineer in the appropriate USACE district 
before compensatory mitigation dollars can be accepted.

Examples of ILF

North CaroliNa ECosystEm ENhaNCEmENt Program

In order to deal with a rapidly expanding transportation 
program with a high volume of new alignment, the North 
Carolina DOT and DENR designed the Ecosystem Enhance-
ment Program (EEP). EEP evolved from a multiyear effort by 
state and federal agencies: the North Carolina DOT, DENR, 
the North Carolina Wildlife Resources Commission, USACE, 
EPA, and USFWS. Goals were to streamline the project delivery 
process for transportation improvement projects through 
the use of a programmatic mitigation approach, to reduce 
environmental impacts in concert with avoidance and mini-
mization, and to incorporate the compensatory mitigation 
requirements for these projects into comprehensive watershed 
restoration and protection strategies. A year of multiagency 
process-improvement workshops determined that compensa-
tory mitigation should be decoupled from individual permits 
and project reviews and performed on a watershed basis, with 
mitigation projects constructed in advance of permitted impacts.

The EEP incorporated the functions of the North Carolina 
Wetlands Restoration Program, a state ILF program initiated 
by the North Carolina state legislature in 1996. The program 
was established by the North Carolina General Assembly as a 
nonregulatory statewide wetlands restoration program for 
the acquisition, maintenance, restoration, enhancement, and 
creation of wetland and riparian resources that contribute to 
the protection and improvement of water quality, flood preven-
tion, fisheries, wildlife habitat, and recreational opportunities. 
With the inception of EEP, all of the North Carolina DOT’s 
off-site compensatory mitigation needs would be met through 
EEP, and the EEP’s mitigation effort would be watershed based, 
through analytical efforts conducted on the state level and 
through consultation with local experts and communities.

EEP protects the state’s natural resources through assess-
ment, restoration, enhancement, and preservation of ecosystem 
functions and through identifying and implementing compen-
satory mitigation programmatically at the watershed level. 
The system used by the EEP

•	 Enables multiple project impacts (wetlands, stream corridor, 
water quality, species, and habitat) to be addressed in a 
comprehensive manner, in advance of project impacts.

•	 Targets mitigation resources to better protect the natural 
resources of the state by assessing, restoring, enhancing, 
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and preserving ecosystem functions and compensating 
for impacts at the watershed level. The program addresses 
watershed concerns, including preservation of threatened 
high-quality sites and restoration of wetlands and riparian 
buffers along impaired streams. The system also ensures 
that the state and FHWA’s “no net loss” objectives are met 
and surpassed.

•	 Saves time and money by reducing permit staff workload 
and project controversy and by improving communication, 
planning, and environmental stewardship.

•	 Dramatically increases the ecological effectiveness of the 
investments of public dollars in compensatory mitigation, 
thus illustrating better stewardship of public resources, and 
setting a nationwide standard for mitigation at the ecosystem 
level for unavoidable impacts resulting from transportation 
improvements.

EEP’s streamlined approach evaluates the cumulative 
impacts of all transportation projects within a watershed and 
implements mitigation focused on achieving a net increase in 
wetland and riparian functions in the watershed and across 
the state. As it is able and when information exists, EEP 
incorporates other data trends for private development and 
municipal infrastructure projects into its estimated water-
shed approach and mitigation planning effort. The program 
developed an environmental information and decision support 
system for identifying watersheds in which to concentrate 
planning and restoration activities. The system enables a com-
parison of the relative problems and assets of the local water-
sheds by relying on GIS data analysis of five broad categories 
of information: baseline watershed conditions, watershed 
resources or attributes, watershed problems, potential threats 
and stressors, and other factors of interest. Local watershed 
data from existing databases and functional assessments, as 
well as baseline watershed conditions data, are entered into a 
watershed attribute matrix for each 14-digit local watershed. 
Analysis narrows the field of eligible local watersheds by 
selecting only those areas with a combination of restoration 
needs and opportunities, potential future stressors (primarily 
anticipated growth and development), and other factors, 
such as local interest (North Carolina Wetlands Restoration 
Program 2001). Once the screening methodology has been 
applied to identify target areas for restoration, EEP works with 
local governments, NGOs, and other stakeholders to complete 
local watershed plans, including a baseline assessment, a detailed 
watershed analysis, and development of an implementation 
plan. To ensure that program goals are met, a ledger of imple-
mented projects and actual impacts is produced for each 
watershed. Annually, these ledgers are compared to determine 
if “no net loss” of wetland and riparian functions has been 
achieved. Any shortcomings are programmed for correction 
in the next cycle. Excess mitigation is reserved for future use. 

Strategies also take into account North Carolina’s Million Acre 
Initiative and areas of important habitat value, with the goal 
to leverage the state’s and the North Carolina DOT’s investment 
(North Carolina Department of Environment and Natural 
Resources, Million Acre Initiative).

Florida dot WEtlaNd mitigatioN Program

The Florida DOT Senate Bill mitigation program (currently 
referenced as Florida Statutes 373.4137) was established by 
the Florida legislature in 1996 (amended in 2005) to provide 
regional, multiproject wetland mitigation to offset the impacts 
of transportation projects on wetlands. With this program, 
Florida DOT provides mitigation funds to the representative 
water management district for each acre of wetland affected 
by Florida DOT’s transportation improvement projects. The 
amount of mitigation funds is predetermined based on a 
cost per acre of wetland impact and transferred to a state 
transportation trust fund. During FY 2008–2009, the cost per 
acre of wetland impact was approximately $99,000.

Each year, each of the state’s five water management districts 
develops mitigation plans for projects that Florida DOT, or 
another transportation authority, expects to implement in 
the coming fiscal year. These projects are included in a Florida 
DOT work plan submitted to the water management districts. 
Project impacts are estimated and planned for years in advance, 
but the Florida DOT work plan is updated annually based on 
priority and the availability of construction funds. After miti-
gation plans are approved and funds are available, Florida 
DOT transfers funds into an escrow account within the state 
transportation trust fund. The water management district may 
then request a transfer of funds to implement its mitigation 
projects. Anticipated escrow funds for the next fiscal year form 
the basis for the program’s annual work plan. If no project-
specific mitigation plan has been approved by the water 
management district, then Florida DOT must develop an 
alternate mitigation plan.

The advantage to using Senate Bill mitigation for Florida 
DOT projects is that wetland impact costs can be predetermined 
and budgeted at a much earlier point in the process. This 
program also allows Florida DOT to mitigate wetland impacts 
for projects that are not located within a mitigation bank service 
area and to provide mitigation funds to the water management 
district without a concern for future maintenance and moni-
toring costs that would be associated with wetland creation or 
enhancement. The cost has occasionally been a disadvantage 
in south Florida, where wetlands are more plentiful and Florida 
DOT districts can purchase mitigation bank credits at a lower 
cost with the same assurances of mitigation success. Therefore, 
not all mitigation for Florida DOT transportation projects is 
handled with Senate Bill mitigation. It is at each district’s dis-
cretion to use the Senate Bill program based on impact costs 
and coordination with the local water management district.
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Nationwide Permits, State Programmatic 
General Permits, and Regional General Permits

How It Works

USACE issues a nationwide permit (NWP), state programmatic 
general permit (SPGP), or regional general permit (RGP) to 
authorize certain activities that result in minimal adverse effects 
on aquatic resources. These permits provide an abbreviated 
review process for certain types of activities that USACE has 
determined would minimally affect the aquatic environment. 
NWPs apply across the nation, but depending on the geo-
graphic region, they may have regional conditions to ensure 
activities will have minimal impacts on the aquatic environ-
ment. SPGPs are general permits issued by USACE that are 
administered by a state agency on behalf of USACE. RGPs are 
similarly developed to provide an abbreviated review process 
for certain types of activities within a certain geographic 
region.

Advantages and Disadvantages

By developing a project such that an NWP, RGP, or SPGP would 
apply, applicants have shown strong actions to avoid and 
minimize potential impacts. It is these projects in particular 
that can benefit from advanced compensatory mitigation 
measures such as banks, ILFs, and similar actions. SPGPs and 
RGPs can reduce duplication of effort and enable tailoring of 
specific general permits to types of projects and unique local 
conditions not covered by NWPs. RGPs can be developed in 
association with special area management plans (SAMPs) and 
watershed plans to implement their preservation, enhance-
ment, and mitigation objectives while adding predictability 
to the development process.

Examples of NWPs, SPGPs, and RGPs

Florida dot aNd Florida turNPikE ENtErPrisE  
rEgioNal gENEral PErmit saJ-92
This permit is authorized for use only in nontidal Waters  
of the United States and within the operation areas of the 
Florida DOT and Florida Turnpike Enterprise and applies to 
three types of projects specifically approved by FHWA. These 
types of projects are Type 1 categorical exclusions, program-
matic categorical exclusions, and capacity improvement proj-
ects. This permit is limited to linear transportation projects 
that have been reviewed through the Florida DOT efficient 
transportation decision-making process (U.S. Army Corps of 
Engineers 2008).

orEgoN rEgioNal gENEral PErmit

An RGP approach was also developed in Oregon. Prior to the 
Oregon Bridges project, an interagency process-improvement 

group using the Collaborative Environmental and Transporta-
tion Agreement for Streamlining tracked environmental impact 
statement–level projects and environmental assessment–level 
projects and facilitated discussion and concurrence points. The 
bridge program benefited from “a list of where the bridges 
were and a lot of really good scoping information, which went 
into the baseline reports. They had a lot of information on 
the impacts. That provided a high enough level of comfort 
to develop a RGP.” The Oregon Bridges program uses several 
appropriate NWPs in addition to the RGP they developed.

Special Area Management Plans

How It Works

SAMPs balance aquatic resource protection and reasonable 
economic development and result in both abbreviated Sec-
tion 404 permitting and restrictions on undesirable activities. 
SAMPs can also be used to facilitate a watershed approach 
and transfer of development rights from areas where devel-
opment should be avoided to areas where development may 
be allowed. SAMPs can address comprehensive infrastructure 
plans, including power lines, communication lines, and water, 
sewer, and gas lines. SAMPs are often developed in geographic 
areas of special sensitivity under intense development pressure. 
They offer comprehensive advance planning to identify wet-
lands that merit protection and others that may be developed, 
as well as increased predictability for property owners, project 
planners, and local governments. RGPs are often based on 
SAMPs. Development of programmatic and general permits 
based on SAMPs is also a goal (Field 2004).

SAMPs usually develop landscape-level functional assess-
ments, watershed-scale indices of the ecological integrity of 
riparian resources, alternatives analyses, and watershed res-
toration plans. Interagency, public, and stakeholder involve-
ment is an essential part of the SAMP. The SAMP should not 
be considered as a super permit that accelerates development 
in the watersheds, but it does give greater clarity and predict-
ability to conservation priorities and development processes. 
DOTs can use these landscape plans and mitigation priorities 
to seek and develop advance mitigation opportunities focused 
on sites in the SAMP already endorsed by other agencies.

Advantages and Disadvantages

Districts that have adopted this watershed approach have seen 
initial positive outcomes in terms of time efficiencies and pro-
gram effectiveness. Having information on wetland locations 
and priority restoration and conservation areas available greatly 
increases the voluntary and proactive wetland avoidance that 
can occur on local, regional, and state levels. Categorization 
of wetlands into those that are critical and not-so-critical to 
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protect is controversial, though there is recognition of the 
need to ensure public resources (including conservation and 
restoration investments) are spent wisely.

Adopting an ecosystem approach to infrastructure projects 
allows USACE some flexibility in assessing the effects of 
activities in uplands on Waters of the United States and gaining 
other agencies’ buy-in and assistance in addressing indirect and 
cumulative impacts beyond USACE scope, as well as priority 
conservation and restoration needs. In sum, the watershed 
approach enabled by SAMPs, ILFs, and now mitigation banks 
gives USACE more influence over Waters of the United States 
and the functions and values they provide and a better chance 
at protecting them.

When used as a tool to direct resource planning, SAMPs 
are considered more strategically focused on critical regional 
ecological resources than the traditional project-by-project 
mitigation site-identification process. Traditional approaches 
to mitigation in the site-specific context may lead to the 
cumulative loss of resources over time; in contrast, SAMPs 
are fashioned to take into account indirect and cumulative 
effects on aquatic resources over a region. SAMPs can provide 
DOTs with valuable baseline information on what high-priority 
aquatic and terrestrial resources exist and also can address 
priority restoration needs. SAMPs often identify lower-priority 
wetlands, as well, which are either less critical to protect for 
their immediate value or which could offer restoration priority 
areas. USACE has found that developers’ proposals tend to 
avoid the most important resources; they also tend to offer 
creative proposals for how to restore priority areas (personal 
communication with Corps SPL District staff, including  
M. Durham and C. Farrar, 2009 and 2010).

Examples of SAMPS

Examples of completed SAMPS are provided in Table 5.3.

Coastal ZoNE maNagEmENt Program

SAMPs are used by USACE and NOAA as part of their 
coastal zone management program. The Los Angeles District’s 
objectives in implementing watershed plans were to maximize 
environmental protection and use their own staff resources 
better. Through the mechanism of a SAMP, the district was 
able to identify important resources, steer impacts away from 
the most critical ones, determine levels of impacts (at both 
direct and cumulative scales) that could be considered minor, 
and offer appropriate permitting vehicles for both minor and 
larger projects. The Los Angeles District found that since SAMPs 
and associated RGPs have been in place, applicants have been 
able to recognize key areas and resources early in the planning 
process and better avoid impacts on these important ecosystem 
components. This reduces, and in some cases eliminates, 
potential conflicts between agency and applicant and eases 

the permitting process. Although ecosystem outcomes have 
not been measured in a functional sense, the approach has led 
to better protection of resources and functions, better use of 
USACE staff time (as well as applicants’ staff time), and a better 
understanding of the resource.

altErNativE dEvEloPmENt sCENarios aNd  
ECosystEm iNtEgrity iN southErN CaliForNia

Several landscape-scale assessment efforts, including SAMPs 
for aquatic resources, are being led by the Los Angeles District 
and staff from the USACE Engineer Research and Development 
Center. Watershed-scale aquatic resource delineations were 
undertaken for each SAMP by using field-verified GIS and 
remote sensing to determine where riparian ecosystems and 
other aquatic resources exist in the study areas. Based on the 
delineation, the watersheds were divided into “riparian reaches,” 
relatively homogenous assessment units. Baseline assessments 
of riparian ecosystem integrity were performed for each of 
the riparian reaches in the study area. The assessment process 
includes consideration of three indicators: hydrology, water 
quality, and habitat integrity.

Groups of indicators were then combined to generate 
hydrology, water quality, and habitat integrity indices. Based 
on the index scores, the reaches were ranked according to their 
ecological integrity. The reach rankings were among the factors 
considered in analyzing alternatives and developing watershed 
restoration plans.

To determine which development scenarios would result in 
the least degradation of riparian resources, baseline ecological 
index values were compared with the index values under various 
simulation conditions. In the watershed restoration plan, 
riparian restoration opportunities within the study area were 
identified and compared. For each riparian area, the SAMP 
team estimated a restoration potential, a measure of functional 
restoration that is practical given existing conditions, with 
particular focus on geomorphic features and processes. The 
team can assess the cost-effectiveness of various combinations 
of restoration activities, such as concentrating restoration in the 
most degraded reaches or prioritizing those projects that are 
expected to provide the greatest functional lift per unit of effort.

All inventory, assessment, alternatives analysis, and planning 
activities are linked to GIS databases, allowing the integration 
and visualization of the full range of data for other watershed 
planning activities in the study area, and expanded alterna-
tives analyses for major highway projects (Environmental 
Law Institute 2004).

rivErsidE CouNty iNtEgratEd ProJECt

The Riverside County Integrated Project involves the integration 
of land use, transportation, and conservation planning to 
develop a consensus for the future development of Riverside 
County. It is considered a cutting edge project by locals and it is 
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Table 5.3. Representative Completed SAMPs

SAMP Project 
(State) Description

Source for Additional  
Information

San Juan Creek  
Watershed– 
San Mateo Creek 
Watershed 
(California)

USACE Los Angeles District conducted a comprehensive aquatic resource plan to 
achieve a balance between aquatic resource protection and reasonable economic 
development.

http://www.spl.usace.army. 
mil/Media/FactSheets/ 
tabid/1321/Article/2925/ 
regulatory-program.aspx

Riverside County 
(California)

The County of Riverside undertook an integrated planning effort (Riverside County 
Integrated Project) that includes transportation, habitat conservation (multispecies 
habitat conservation plan), and the county’s general plan (local land use) in two water-
sheds. The goal is to establish a watershedwide aquatic resource reserve program and 
to minimize individual and cumulative impacts of future projects in these watersheds.

http://environment.fhwa.dot. 
gov/integ/case_riverside.
asp

South Wilmington 
(Delaware)

The project area includes lands south of the Christina River within Wilmington,  
Delaware, and a portion bordering New Castle County, down to I-495. The south 
side of the Christina River, although urban in nature, has remained largely underused 
and represents one of the most significant opportunities for economic development 
and community revitalization in the region. This area, known as South Wilmington,  
is approximately 1.6 square miles. Industrial and heavy commercial uses dominate 
the area, particularly along the waterfront. A long industrial history has resulted in 
numerous areas with suspected or known soil contamination, an important consider-
ation for redevelopment planning.

http://www.dnrec.delaware. 
gov/coastalPages/ 
WilmingtonSAMP.aspx

Upper Turkey  
Creek (Kansas)

According to the SAMP information sheet: SAMP goals include establishing an Upper  
Turkey Creek advisory committee to identify, coordinate, and implement actions that 
address Turkey Creek resource needs. Identifying opportunities and mechanisms  
to educate and involve the public in enhancement of Turkey Creek is also a priority.  
The SAMP sought to improve Turkey Creek water quality to support native aquatic 
communities and enhance and maintain high-quality aquatic and terrestrial habitat in 
the Turkey Creek watershed. Detailed, comprehensive statements of policies, standards, 
and criteria to guide public and private uses of lands and waters were developed, as 
well as outlines of mechanisms for implementation. A regulatory component addressing 
USACE 404 permits, stormwater permits, and EPA regulatory information was estab-
lished, as well as other relevant regulatory components identified and agreed to through 
memoranda of understanding (MOUs) with the various agencies and stakeholders,  
giving some sense of continuity and predictability based on a watershed area approach.

http://www.watershedinstitute.
biz/files/Turkey_Creek_ 
SAMP_INFORMATION_  
SHEET-_20072.pdf

Mentor Marsh  
(Ohio)

This comprehensive plan sets out natural resource protection and economic growth 
plans for this large wetland complex on the southern shore of Lake Erie in Mentor, 
Ohio. The plan contains statements of policies, standards, and criteria to guide public 
and private uses of lands and waters within its watershed.

http://www.dnr.state.oh.us/ 
Portals/13/partners/ 
mentorplan.pdf

Beaufort County  
(South Carolina)

This SAMP addresses stormwater and other sources affecting the waters of Beaufort 
County. It identifies the necessary actions needed to prevent further deterioration of 
county waters and addresses a broad range of topics and activities, including storm-
water controls and management, wastewater management and septic systems, 
boating, and water-quality monitoring needs.

http://www.scdhec.gov/ 
environment/ocrm/docs/ 
SAMP/BFTS/bsamp.pdf

Revised Salt  
Pond Region  
(Rhode Island)

Four priority areas for enhancing the Rhode Island Coastal Resources Management 
Program are addressed: SAMP, cumulative and secondary impacts, wetlands, and 
public access. The revisions to the SAMP also implement recommendations of the 
Narragansett Bay Project by developing statewide critical resource protection policies. 
The revisions will facilitate the implementation of Rhode Island’s Coastal Nonpoint 
Pollution Control Program. Beyond fulfilling program requirements and recommenda-
tions, the revisions to the SAMP address the challenge of a growing population and 
the need for innovative land use controls to address the impacts of existing and 
proposed development on the salt ponds.

http://www.crmc.state.ri.us/ 
regulations/SAMP_ 
SaltPond.pdf

Murrells Inlet  
(South Carolina)

Phase 1 of the Murrells Inlet SAMP involves work in partnership with Georgetown and 
Horry Counties to ensure that water quality is given equal consideration to water 
quantity in the drainage improvement projects being undertaken in the inlet water-
shed. To do this, the SAMP will develop and fund a demonstration project to treat 
stormwater runoff to provide sufficient filtration and settling before the water reaches 
the inlet, examine the potential to retrofit roads and bridges that are shown to be 
high-impact runoff problems in the watershed, and provide input to Georgetown and 
Horry Counties on how they may reduce impervious surface coverage and/or move it 
away from receiving waters.

http://www.scdhec.gov/ 
environment/ocrm/ 
plan_tech/samp.htm
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intended to streamline the environmental process while estab-
lishing long-term development goals. The project integrates 
four plans: a new general plan, four new transportation corri-
dors under the Community and Environmental Transportation 
Acceptability Process, a multispecies habitat conservation plan 
(MSHCP), and a SAMP. A SAMP was developed to assist federal, 
state, and local agencies in their permitting decision-making 
process to protect, restore, and enhance aquatic resources while 
accommodating various types of development activities. The 
SAMP establishes an expedited review process by USACE under 
CWA Section 404 in conjunction with a programmatic stream-
bed alteration agreement with the California Department of 
Fish and Wildlife. Mitigation designed in accordance with 
the SAMP and other plans increased assurance of mitigation 
acceptability for all parties (Riverside County Integrated Project, 
no date).

Advance Identification of Aquatic Resources

How It Works

The EPA sponsors advanced identification of aquatic resources 
(ADID) pursuant to CWA with USACE and other partners 
in areas where development, mining, agricultural, or other 
pressures threaten high-quality or locally critical wetlands. 
ADIDs protect wetlands by providing science-based informa-
tion to those making local land use decisions. Impacts on criti-
cal wetlands identified through an ADID would cause a high 
level of scrutiny or the rejection of a permit application.

Advantages and Disadvantages

The ADID process provides a means to identify high-quality 
wetland resources in a region or at the watershed scale. The 
intent of identifying these high-quality wetlands in advance is 
to guide development away from the resource. Newer wetland 
mapping and data consolidation methods could increase 
the ease and efficiency of advance identification of wetland 
characterization methods and boost their use in regulatory 
permitting and watershed restoration processes. When used 
in the regulatory process, advance identification of the best 
locations for mitigation increases certainty and assurances that 
mitigation in those locations will be acceptable. The ADID 
approach has been considered expensive and somewhat contro-
versial to implement, as some property owners might feel their 
land values have been diminished along with its development 
potential if high-quality wetlands are identified on-site.

Examples of ADIDs

kaNE CouNty, illiNois

The Kane County ADID study is a cooperative effort between 
federal (EPA Region 5, USACE Chicago District), state, and 

local agencies to inventory, evaluate, and map high-quality 
wetland and stream resources in the county. ADID information 
is used by federal, state, and local governments to aid in zoning, 
permitting, and land acquisition decisions. In addition, the 
study provided information to agencies, landowners, and 
private citizens interested in restoration or acquisition of 
aquatic sites. The wetland functions of particular concern were 
identified and prioritized by a planning and policy committee. 
In addition, an interagency technical advisory committee 
developed an evaluation approach that defined two categories 
of wetland function: habitat value and water-quality and 
stormwater-storage value. The approach included an assess-
ment of the opportunity of a wetland to perform a specified 
function, as well as its expected effectiveness in performing 
the function. Wetlands and streams were evaluated through GIS 
screening and aerial photo interpretation (U.S. Army Corps of 
Engineers, Kane County Illinois, Advanced Identification of 
Wetlands).

southEastErN WisCoNsiN rEgioNal PlaNNiNg CommissioN

Maps of ADID wetlands were developed under a cooperative 
program with USACE, EPA, and the Wisconsin Department of 
Natural Resources (DNR). Draft maps showing the aerial extent 
of ADID wetlands in southeastern Wisconsin are available in 
PDFs for Kenosha, Milwaukee, Ozaukee, Racine, Walworth, 
Washington, and Waukesha counties (Southeast Wisconsin 
Regional Planning Commission, Advanced Identification of 
Wetland Disposal Areas).

Watershed Restoration  
and Mitigation Registries

How It Works

Watershed restoration and mitigation registries are an emerg-
ing method to identify priority mitigation areas on a watershed 
basis where funds can be directed to help restore watershed 
health. Watershed resource registries (WRRs) are considered “a 
unique tool to integrate Planning, Mitigation and Sustainable 
Development” and a “blueprint for transitioning from a single 
program-based approach to an integrated (multi-program) 
watershed systems approach allowing for greater integration 
and coordination among regulatory requirements and resource 
protection efforts” (Denise Rigney. “Green Highways Partner-
ship.” EPA Region 3. Presentation. April 8, 2008). The greater 
coordination and integration may act as a prescreen, improv-
ing identification of prospective mitigation sites and their 
acceptability to regulatory agencies.

As EPA describes it, a WRR helps ensure resource agencies 
get what they want. The WRR shows where multiple ecologi-
cal benefits might be found. Sites have been evaluated in a 
way that maximizes the ecological benefits for the entire 
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watershed. Selected areas can fulfill multiple beneficial water-
shed needs and regulatory requirements for a number of 
agencies at the same time. For example, restoring wetlands 
adjacent to a Section 303(d)–listed impaired waterway could 
also address Section 404 wetland compensatory mitigation 
requirements and Section 401 water-quality requirements 
while creating habitat resources and improving water quality 
in the watershed.

The actual methods for identifying mitigation sites, both 
priority and nonpriority, have ranged from ad hoc websites 
and databases for posting restoration and mitigation site 
opportunities to more formal approaches such as completion 
of comprehensive plans (e.g., SAMPs) and other special studies 
to identify priority restoration areas. Even these plans vary 
widely in the level of analysis and information provided, 
ranging from general inventories of potential sites requiring 
further study during the development of the mitigation 
design to detailed studies that essentially serve as watershed 
plans that spell out specific sites, costs to restore, time frames 
for completion, and funding.

Advantages and Disadvantages

The integration of traditionally competing regulatory and 
nonregulatory authorities in one tool can improve resource 
planning, enhance time and resource efficiency, and minimize 
redundancies in the decision-making process. At one level, 
watershed restoration and mitigation registries are not a 
new concept, as applicants for Section 404 permits have been 
seeking mitigation sites since the need first arose. Wetland 

banks were created because the cost to find individual sites took 
considerable resources on the part of the applicant and because 
they were a way to mitigate lost functions while satisfying 
in-kind and out-of-kind mitigation requirements in an effi-
cient manner. Whether they actually contributed to main-
taining and restoring watershed health is an issue that has 
been addressed in several technical publications (Brown and 
Veneman 2001; Johnson et al. 2002; Kihslinger 2008; Mack 
and Micacchion 2006).

EPA has attempted to estimate the benefits of the WRR 
approach. The review is available in a July 29, 2010, webinar 
(Bryson 2010).

Examples of WRRs

In a 50-state study by the Environmental Law Institute, few states 
reported having a method for ranking lands and aquatic 
sites for restoration and a state registry to identify restoration 
sites (Environmental Law Institute 2008). Connecticut, New 
Mexico, Oklahoma, and Texas were identified as having a state 
registry in 2008. Nineteen other states reported that they have 
a method for prioritizing lands and aquatic sites for restoration. 
There is a range of examples of watershed restoration and 
mitigation registries. An overview of methods for identifying 
priority mitigation sites is provided in Table 5.4, followed by 
a more detailed explanation of selected examples.

marylaNd WatEr rEsourCEs rEgistry

The USACE Baltimore District, EPA Region 3, and Maryland 
resource and transportation agencies developed a WRR to 

Table 5.4. Overview of Methods for Identifying Priority Mitigation Sites

Method Description Key Elements

State mitigation  
restoration database

Ohio, Oklahoma, and other states have established  
voluntary web-based databases made available to 
watershed groups, communities, and project sponsors 
who may have or are looking for available mitigation 
sites (Ohio Environmental Protection Agency, Surface 
Water Enhancement; Oklahoma Conservation  
Commission, Wetlands Program).

Voluntary web-based databases listing candidate loca-
tions for restoration. Detailed listing of site attributes, 
contact information, physical characteristics of site 
also provided. Site information is provided by agency 
or entities seeking mitigation dollars.

Philadelphia Watershed  
Mitigation Registry

Pilot program intended to identify “ready to go” priority 
mitigation sites within the watersheds considered 
critical to Philadelphia’s drinking water system.

Sites available for restoration have been established 
through comprehensive evaluation of urban and urban-
izing watersheds. Areas considered important to  
sustaining drinking water supply. Working with USACE. 
Representative indicators of created hydrologic, 
biological, habitat, and social functions determine  
the value of a project, rather than project acreage.

North Carolina  
Ecosystem  
Enhancement  
Program (EEP)

North Carolina comprehensive watershed management 
program focused on identifying priority sites for 
mitigation.

Comprehensive program for providing mitigation in 
advance of project implementation. Managed by 
state DNR. Requires annual report from North Carolina 
DOT indicating the upcoming year’s mitigation needs. 
Most comprehensive program of its type.

(continued on next page)

An Ecological Approach to Integrating Conservation and Highway Planning, Volume 1

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22510


40

Watershed action plans 
(Ohio, other states)

Representative example of state program implemented 
by local watershed groups to identify mitigation priori-
ties (Ohio Environmental Protection Agency 1997).

Voluntary process designed to identify problems and 
establish program for protection and restoration. 
Requires participation of public officials and other 
stakeholders. One of several program examples 
around the United States.

Species banks— 
ecosystem  
marketplace

Clearinghouse for species credit trading designed to pro-
vide efficient, transparent, equitable conservation mar-
kets to develop and that can be used to identify priority 
mitigation opportunities. www.SpeciesBanking.com 
will serve as a platform for conservation bank owners 
to publicize credit availability, credit buyers to find 
solutions to their mitigation needs, and prospective 
bank developers to research current market conditions. 
It will also allow agency staff to learn about activities 
outside their jurisdictions, and academics, investors, 
and others to monitor and analyze industry trends 
(Ecosystem Marketplace, SpeciesBanking.com).

Basic information such as number of banks, species 
covered, location, availability of credits, and contact 
details.

Conservation Registry The concept of the registry emerged from efforts to 
understand the scope of conservation activities across 
the landscape and to identify areas where landowners 
and organizations can generate the greatest strategic 
benefits for fish and wildlife. The same group has 
established a state-specific conservation registry for 
Idaho, Oregon, and Washington and a regional spin-off 
in Colorado (The Conservation Registry, no date).

This western United States web-based tool is an  
accessible database and mapping system that allows 
users to enter, search, map, and track conservation 
projects. The registry gathers data from multiple 
sources, ranging from small organizations and land-
owners to federal resource agencies, nonprofit  
organizations, tribes, and foundations. The registry 
helps users understand the context, distribution,  
and effectiveness of collective efforts to protect and 
restore ecosystems.

Watershed resource  
registry (Maryland)

The WRR shows where multiple ecological benefits might 
be found. Sites have been evaluated in a way that 
maximizes the ecological benefits for the entire water-
shed. Selected areas can fulfill multiple beneficial 
watershed needs and regulatory requirements simul-
taneously for multiple agencies. Pilot project of the 
EPA Healthy Watersheds Initiative, which focuses on 
maintaining aquatic ecological integrity by conserving 
and protecting the highest-quality watersheds or 
intact components of watersheds (U.S. Environmental 
Protection Agency, Healthy Watersheds).

WRRs evaluate watershed conditions and create a  
database of sites in a watershed for the protection  
of high-quality resources, restoration of impaired 
resources, and the establishment of treatment  
systems and best management practices (BMPs).  
A methodology for developing the WRR and for  
integrating its use in 404 permitting was developed 
based on a pilot effort focused in southwestern 
Maryland. EPA says the WRR will aid all those involved 
in watershed management decisions at the local, state, 
and national levels by providing the best available 
information on which to base decisions, in one  
centralized location.

Pennsylvania River 
Registry

State effort to identify priority restoration sites on a 
watershed basis. Funded in part by grants from the 
Keystone Recreation, Park and Conservation Fund, 
the Rivers Registry is a component of the Community 
Conservation Partnerships Program. These river 
conservation plans have been approved for placement 
on the registry by the Pennsylvania DNR because they 
meet or exceed the minimum standards in the Rivers 
Conservation Program (Pennsylvania Department of 
Conservation and Natural Resources, Rivers Conser-
vation Program).

One of the older programs in the United States, the  
registry identifies on a statewide basis where approved 
watershed plans have been completed. Includes an 
identification of restoration priorities.

Table 5.4. Overview of Methods for Identifying Priority Mitigation Sites (continued)

Method Description Key Elements
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identify preferred locations for conservation and restoration 
in four watersheds in southwestern Maryland. To support the 
registry, the Baltimore District GIS staff created a comprehen-
sive mapping tool that suggests what types of activities might 
be most beneficial to a watershed and where those activities 
ought to occur. The approach is now being expanded statewide 
for the following purposes:

•	 To identify potential CWA Section 404 compensatory 
mitigation sites based on a watershed analysis and water-
shed goals and needs in accordance with the 2008 Mitigation 
Rule;

•	 To better use state mitigation dollars and to address 303(d)-
listed streams and issues highlighted in Section 305(b) reports, 
thus integrating CWA authorities under Sections 401, 402, 
and 404 and producing a positive effect on watershed water 
quality;

•	 To improve and streamline Section 404, NEPA, and state-
developed decision processes;

•	 To protect, restore, create, enhance, or preserve aquatic 
resources in rapidly developing watersheds and last remain-
ing linkage areas before these opportunities are permanently 
lost; and

•	 To identify mitigation sites that are consistent with the 
site needs identified in state wildlife action plans, green-
ways and green infrastructure plans, species recovery plans, 
ecoregional conservation strategies, and city or regional 
open space plans (Maryland Watershed Resources Registry, 
no date).

assurances related  
to eSa Section 7

Compliance with the ESA of 1973, as amended, is a key 
regulatory driver for conservation of listed (threatened or 
endangered) species and investment in ecosystem-based mit-
igation by transportation agencies. Under the ESA, private 
and public entities invest in species and habitat conservation 
in order to minimize impacts and provide compensatory con-
servation measures. USFWS provides transportation agencies 
assurances that they are in regulatory compliance with the 
ESA through tools such as incidental take permits, concurrence 
letters, or biological opinions (BOs) that specify conservation 
obligations.

Ecosystem conservation and recovery of species, such that 
listing is no longer necessary, are primary goals of the ESA.  
As described in Section 2(b) of the act, “The purposes of 
this ESA are to provide a means whereby the ecosystems upon 
which endangered species and threatened species depend 
may be conserved, to provide a program for the conservation 
of such endangered species and threatened species” (16 U.S.C. 
Sec. 1531[b]). That is, the ESA is a primary means to conserve 

ecosystems and to provide a program to conserve threatened and 
endangered species and assist in their recovery (ESA Sec. 3 [3]), 
50 CFR Sec. 402.02.

A key function performed by environmental professionals, 
both within the Services and working with the Services, is to 
ensure this connection is made in permitting and consultation. 
Assurance methods related to ESA Section 7 are inventoried 
in this section.

Standard ESA Section 7 Consultations

Section 7(a)(2) of the ESA states that for any federal action that 
may affect a threatened or endangered species (or its habitat), 
the action agency must consult with USFWS or NOAA 
Fisheries to ensure that the federal action (1) is not likely  
to “jeopardize the continued existence of” an endangered or 
threatened species and (2) will not result in the “destruction 
or adverse modification” of the designated critical habitat of 
the listed species (16 U.S.C. Sec. 1536[a][2]).

Such consultations are known as Section 7 consultations. 
The Endangered Species Consultation Handbook (U.S. Fish and 
Wildlife Service and National Marine Fisheries Service 1998) 
provides internal guidance and establishes national policy for 
conducting consultation and conferences pursuant to Section 7 
of the ESA. The handbook addresses the major consultation 
processes, including informal, formal, emergency, and special 
consultations, and conferences. The process for managing 
Section 7 consultations for transportation projects is described 
in the FHWA Guidance Memorandum on Management of the 
Endangered Species Act (ESA) Environmental Analysis and 
Consultation Process (2002).

Many of the tools described in this section, including  
the Endangered Species Consultation Handbook, specifically 
encourage the use of flexibility and innovation while coordi-
nating during the Section 7 process. In a section directly 
addressing “Flexibility and Innovation,” the handbook notes 
that the “Section 7 process achieves greatest flexibility when 
coordination between all involved agencies and nonfederal 
representatives and the Services begins early. Biologists 
should be creative in problem solving and look for ways to 
conserve listed species while still accommodating project goals.” 
The handbook also addresses shortening time frames, noting 
that the Services have been implementing measures to stream-
line consultation and that “biologists for the Services are 
encouraged to review examples of these streamlined consul-
tations and to look for ways to incorporate streamlining tech-
niques into other consultation procedures” (U.S. Fish and 
Wildlife Service and National Marine Fisheries Service 1998).

Preconsultation Under ESA Section 7

Perhaps the most effective manner of streamlining the Section 7 
consultation process is to engage the Services in preconsultation 
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during the planning phase. Preconsultation allows the action 
agency, in coordination with the Services, to assess the most 
appropriate method for ESA consultation (i.e., informal, 
formal, programmatic, or other) for the proposed action. 
During preconsultation, the Services can provide information 
regarding the species that might be present, the threats and 
conservation needs of the species within the area, potential con-
flicts that may arise, and unique opportunities to further 
conservation and recovery. The Services and the transporta-
tion agency can then work together to address these potential 
conflicts before the project design is set, while design flexibility 
may still exist, and while the maximum set of conservation or 
mitigation alternatives are available. During this process, trans-
portation agencies have the option of addressing candidate as 
well as listed species and of seeking programmatic consultation 
on an ecosystem approach encompassing all species of concern. 
Closer to the time of project implementation, if the Services 
review the proposed action and find it to be consistent with 
the conservation strategy and design standards previously 
agreed to, a final BO can typically be issued in an expedited 
manner.

Recovery Plans

Section 7 consultations are informed either by species recovery 
plans or by recovery strategies or outlines when plans have 
not yet been developed or approved. In their Interim Recovery 
Planning Guidance, the Services state that

[w]herever possible, recovery plans should focus on the broader 
view of the species’ health, by working to ensure the health of 
its habitat and ecosystem functions, rather than the narrower 
view of looking at the species only. As implied in the ESA, 
conserving the ecosystems upon which a species depends is 
more likely to ensure the species’ long-term viability. In keeping 
with the ESA’s directive, this guidance focuses not only on the 
listed species themselves but also on restoring their habitats as 
functioning ecosystems. (U.S. Fish and Wildlife Service and 
National Oceanographic and Atmospheric Administration 2004)

The 2004 Interim Recovery Planning Guidance further notes 
that while single-species recovery plans have been the most 
common type of plan prepared since the enactment of the ESA, 
multispecies plans and ecosystem plans have gained increasing 
currency since the mid-1990s. The guidance states that

It is important to note that, although the ESA appears to focus 
on the individual species, subspecies, or distinct population 
segments, the purposes of the ESA include conserving the eco-
systems upon which listed species depend. Recovery plans should 
aim to address threats by restoring or protecting ecosystem 
functions or processes whenever and wherever possible. . . . 
(U.S. Fish and Wildlife Service and National Oceanographic 
and Atmospheric Administration 2004)

USFWS and NOAA Fisheries are charged with developing 
and implementing recovery plans for the conservation and 
survival of species (ESA Sec. 3 [f]) and then using this infor-
mation in the consultation process. Recovery-related resources 
that may be used in addition to actual recovery plans include 
the following:

•	 Interim Endangered and Threatened Species Recovery 
Planning Guidance, Version 1.2 (National Marine Fisheries 
Service 2004, Section 5.1 updated 2007): This guidance 
stresses the importance of stakeholder input and the for-
mation of partnerships in recovery planning. Valuable 
indicators of success are included that infrastructure and 
conservation partners can use in developing and evaluating 
the success of ecosystem efforts.

•	 Five-year reviews: Five-year reviews may be an excellent source 
of the most recent rangewide information on listed species. 
A 5-year review is a periodic analysis of a species’ status 
conducted to ensure the listing classification of a species as 
threatened or endangered is accurate. It does not involve 
rulemaking; the review only recommends whether to change 
the species’ classification, thus indicating that a rulemaking 
may be necessary.

•	 SLOPES: USFWS, in consultation with USACE, is developing 
procedures for improving coordination on projects that 
may affect listed species or critical habitats designated under 
the ESA. This has resulted in the creation of standard local 
operating procedures for endangered species (SLOPES), 
which provide a stepwise process to assist federal agencies, 
state, and local governments, as wells as individuals, in 
developing a determination as to the extent that a federal 
action will affect federally listed species or critical habitats. 
SLOPES also identifies options that may be available to avoid 
or minimize the effects of the action. From this process, 
modifications can be proposed which, if implemented, will 
protect listed species from activities that otherwise could 
be harmful.

•	 Wildlife action plans: To receive federal funds through the 
State Wildlife Grants program, Congress charged each state 
and territory with developing a state comprehensive wild-
life conservation strategy, or wildlife action plan. These plans 
set a vision and a plan of action for wildlife conservation 
and funding in each state (Association of Fish and Wildlife 
Agencies, State Wildlife Action Plans).

•	 Watershed and ecoregional conservation plans: These plans 
have been developed by various nonprofit organizations. 
Among the most well-known, and based on Natural Heritage 
Program (NHP) data, are The Nature Conservancy’s Eco-
regional Conservation Plans, available with coverage of all 
of the lower 48 states, and The Conservation Fund’s Green 
Infrastructure Plans.
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FHWA Web-Based Biological Assessment Tool

The FHWA web-based BA tool is an online resource to stream-
line preparation and submittal of complete regular, non-
programmatic BAs under ESA Section 7, for which FHWA is 
the lead federal action agency.

The five priorities that drove development of the tool were

•	 Streamline the BA development process by helping preparers 
develop complete and accurate BAs.

•	 Reduce project delays associated with incomplete BAs and 
requests for additional information.

•	 Expedite regulatory review and decision-making trans-
actions.

•	 Promote BA consistency (among states and projects), 
accountability, and administrative transparency.

•	 Track BA development activities across the nation (Federal 
Highway Administration 2009).

The tool does not facilitate programmatic approaches, 
but it offers support in many other areas to “demystify and 
expedite BA development, submittal and review,” including

•	 Library, glossary, search, and FAQ resources;
•	 Nationally standardized BA template with context-sensitive 

instructions;
•	 Geographic contacts and resources;
•	 Secure online file cabinets to improve coordination, collabo-

ration, and administrative documentation; and
•	 Geospatial, project archiving with posting, and searching 

functionality (Federal Highway Administration 2009).

The tool’s online file cabinet saves time and facilitates the 
exchange of information among team members. The tool is 
self-explanatory and user friendly, outlining the highest or 
most detailed level of information likely to be required in a 
BA. In this manner, the tool tilts toward project-specific 
consultations developed after all design information is 
available. It does not yet offer a template for an ecoregional 
or programmatic approach. This lack does not mean that 
programmatic consultations are not allowed and encour-
aged by the Services and FHWA; rather, it indicates that 
standardization and quality improvement for regular BAs 
were pursued first.

Programmatic Section 7 Consultations

How It Works

Programmatic consultations are used to evaluate the potential 
for federal agency programs to affect listed species and desig-
nated critical habitat. These programs guide implementation of 

the agency’s future actions by establishing standards, guidelines, 
or governing criteria to which future actions must adhere. 
Programmatic consultations address species, habitat, or project 
needs on a multiple-project scale, often addressing ecosystems 
as well as individual species. Consultation must, in the end, 
address impacts on, and have a nexus to, species individuals, but 
impacts can be addressed “by proxy” in terms of “all individuals 
associated with or dependent upon” a particular habitat area.

Federal agencies are free to consult on programs, plans, or 
strategies, although consultation is optional prior to project 
development in the transportation process. In cases in which 
a federal agency adopts or approves a plan (e.g., a long-range 
transportation plan or a statewide transportation improvement 
program) or strategy that will be used to guide the develop-
ment and implementation of future projects, a programmatic 
approach can be executed, involving two tiers of federal agency 
action. The first-tier action is to adopt the broad plan or strategy; 
second-tier actions involve implementing individual actions 
or projects that occur under the plan. FHWA does not typically 
consult on plans, but USFWS certainly can and is accustomed 
to doing so in other sectors. FHWA and DOTs have the option 
to include candidate species, as well as listed species, in a pro-
grammatic Section 7 consultation.

If future actions or species information are uncertain, 
Service staff project or estimate the potential effects of future 
actions in order to conservatively protect the species. Acres or 
other measures of impact are tracked as projects occur, and 
the baseline is updated as appropriate. Changing information 
on the status of the species is updated, as well. The Executive 
Order 13274 Integrated Planning Work Group advises devel-
opment of a “landscape-scale perspective” to facilitate inventory 
of target resources using existing information and to deter-
mine the status and trends of target resources and supporting 
ecosystem values. From this, a conservation strategy may be 
developed. Such a strategy enables more efficient and effective 
identification of fatal flaws, conservation needs, and partner-
ship opportunities.

Court cases over the past decade have upheld USFWS’ 
ability to conduct programmatic or “tiered” consultations 
(Buckeye Forest Council v. U.S. Forest Service, 04-259 [S.D. Ohio, 
Western Div., July 20, 2005]; Gifford Pinchot Task Force v. 
United States Fish and Wildlife Service, 378 F.3d 1059 [9th Cir. 
2004]; Pacific Coast Federation of Fishermen’s Associations v. 
National Marine Fisheries, No. 97-CV-775, 1998 WL 1988556 
[W.D. Wash., May 29, 1998]).

Lessons learned from those cases relevant to programmatic 
consultations may be summarized as follows (Pacific Coast 
Federation of Fishermen’s Associations v. National Marine 
Fisheries, No. 97-CV-775, 1998 WL 1988556 [W.D. Wash., 
May 29, 1998]; Pacific Coast Federation of Fishermen’s Associa-
tion v. National Marine Fisheries Service, 71 F.Supp. 2d 1063 
[W.D. Wash., 1999], Pacific Coast Federation of Fishermen’s 
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Association v. National Marine Fisheries Service, No. 99-36027 
[9th Cir. 2001]):

•	 Provide a rationale for watershed or landscape-scale analysis.
•	 Aggregate the effects of site-specific actions when consider-

ing regional-scale plans.
•	 Analyze and verify whether site-specific projects are com-

pliant with the conservation strategy and that mitigation 
actually occurs. Assess whether the appropriate elements of 
the plan’s standards and guidelines are being implemented.

•	 Explain treatment of short-term effects and their potential 
to jeopardize listed species.

•	 Consider resource conditions immediately postaction, not 
only 10 years in the future.

•	 Do not disregard management plans that have already been 
developed or adopted for the species of concern, especially 
when binding standards or guidelines have been developed.

•	 Show consideration of cumulative effects.

Advantages and Disadvantages

Landscape conservation and addressing climate change are 
USFWS priorities in conjunction with the strategic habitat 
conservation approach. USFWS leaders have noted that 
programmatic Section 7 consultations are a primary way to 
address these priorities.

Programmatic consultation has been avoided in some cases 
due to the level of information available in planning. However, 
at the earliest stages of transportation planning, much is known 
that can be used as the basis of a programmatic BA and BO:

•	 The location of transportation activities is known. All states 
know where the existing transportation network is located. 
In many states, this existing network and infrastructure 
(including off-system bridges) now receives over 99% of 
the state’s infrastructure investment.

•	 The types of transportation activities occurring there are 
known; generic descriptions of transportation activities 
have been compiled by USFWS staff and DOT counterparts 
in the development of programmatic approaches in multiple 
states.

•	 Species of concern (listed and other declining species) are 
often known or can be identified, and habitat associations 
and range can be drawn from known and readily available 
data or modeling (or in older programmatic cases, often 
the best professional judgment of USFWS, NGOs, and 
university scientists).

According to the USFWS interim guidance on programmatic 
consultation,

Programmatic consultation techniques have the greatest poten-
tial to increase the efficiency of the Section 7 consultation 

process because much of the effects analysis is completed one 
time, up front rather than repeatedly each time a new action, 
or batch of actions, is proposed. By completing this analysis up 
front in a programmatic consultation document, the anticipated 
effects of the action agency’s future projects can be added into 
the environmental baseline before the project’s completion, 
providing predictability for action agencies as they can be 
assured that the effects of their future actions have already 
been broadly accounted for. Thus, all other future Section 7 
consultations (i.e., those not covered by the programmatic 
consultation document) will be evaluated within the context 
of these effects having already been added to the environmental 
baseline. By completing this analysis up front, the process for 
completing consultation for future actions proposed under 
the programmatic consultation can be dramatically shortened. 
(U.S. Fish and Wildlife Service 2003)

Types of Programmatic Approaches

tiErEd aNd aPPENdEd ProgrammatiC  
CoNsultatioN aPProaChEs

When there is insufficient information regarding individual 
future actions to complete a batched-programmatic consulta-
tion, a tiered or appended programmatic consultation approach 
may be used. Both types of programmatic approaches involve 
the initial development of a programmatic BO that analyzes the 
potential effects of implementing the federal agency’s program, 
followed by the development of appropriate project-specific 
documentation that addresses the specific effects of individual 
projects that are proposed under the agency’s program. In the 
case of the tiered programmatic approach, the Service com-
plete a project BO that tiers to the programmatic opinion. In the 
case of the appended programmatic approach, the Service 
produce project-specific documentation that is physically 
appended to the programmatic BO.

Incidental take is not generally exempted at the program 
level for these two approaches, as there is typically insufficient 
project-specific information. Under the tiered approach, the 
project-specific BO will contain a stand-alone incidental take 
statement; under the appended approach, each specific project 
is appended to the program-level incidental take statement 
(the take exemption takes effect at the time that each specific 
project is appended to the statement).

BatChEd-ProgrammatiC CoNsultatioN aPProaCh

Though it is not the classic form of programmatic consultation, 
the batched approach is widely used. Under this program-
matic consultation approach, the action agency groups, or 
batches, a series of proposed projects into one proposed 
action, and the Service produce a single BO or concurrence 
letter to fulfill the action agency’s consultation requirements. 
In effect, several individual consultations are combined into 
one document.
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Considerable project-specific information is required for 
this approach. The design of each project is sufficiently devel-
oped to accurately assess its potential effects and anticipated 
take, if any. Thus, the effects of each project are evaluated both 
individually and cumulatively within one document. This 
approach, although the most legally protective, is not always 
practical as it requires the action agency to have its specific 
future actions sufficiently developed to accurately evaluate their 
impacts. This approach can be used when there is sufficient 
information to exempt take at the program level, and no further 
project review is needed.

For Oregon’s programmatic BA for bridge repair and replace-
ment, agency representatives determined that a formal, stream-
lined batched-programmatic Section 7 federal ESA consultation 
would be the most effective and efficient approach to envi-
ronmental compliance for the Bridge Program. In contrast to 
a strictly programmatic approach, a batched-programmatic 
approach was deemed appropriate because the proximity, dis-
tribution, duration, and disturbance frequency of the proposed 
action were known (these are formally recognized batched 
elements); and the timing, nature of the effect, disturbance, 
intensity, and severity are controlled through measures admin-
istered throughout the Bridge Program (these are the program-
matic elements) (U.S. Fish and Wildlife Service and National 
Marine Fisheries Service 1998). This consultation approach had 
been used in previous Section 7 consultations, such as the Wild-
land Urban Interface Fuel Treatment batched-programmatic 
BA prepared by the Southwestern Region of the U.S. Forest 
Service (U.S. Department of Agriculture 2001).

The Oregon DOT’s selection of a batched-programmatic 
consultation assured the Services that the level of effects 
analysis would provide the detail needed to adequately assess 
overall program impacts. This approach provided numbers of 
bridges, acreages of affected habitat, and species-specific effects 
analysis and enabled a “no jeopardy” determination under 
Section 7 of the ESA.

Examples of Programmatic Section 7  
Consultations, BAs, and BOs

Several sample programmatic Section 7 consultations, BAs, 
and BOs were reviewed. Table 5.5 summarizes their essential 
features.

The model programmatic consultation was developed for 
this project and is included in the Practitioner’s Guide, the third 
volume in this series. The template programmatic BA and BO 
combines basic elements of successful programmatic agree-
ments that have been developed around the United States. It 
draws from approaches that have received awards within 
and outside of USFWS. The Colorado Field Office received 
an award from USFWS headquarters for the shortgrass prairie 
initiative, a 20-year advance mitigation programmatic BA–BO 

and conservation strategy for listed and nonlisted species, 
accompanied by on-site conservation measures for aquatic 
species. Example text from the Oregon Bridges batched 
BA–BO is also included. Both measures have also received 
environmental excellence awards from FHWA.

The range of actions, geographic scale, habitats, and species 
covered by a programmatic agreement can vary widely; thus, 
the complexity of a programmatic agreement can increase as it 
includes multiple actions over a large area and adverse effect 
determinations with incidental take. For those transportation 
agencies with little or no programmatic agreement experience, 
the template offers an approach that is achievable with a level 
of data all states and DOTs generally have. The sample lan-
guage is provided in plain English (avoiding legalese) as guid-
ance to exemplify the nature and scope of each section of the 
agreement.

Conservation Banks

How It Works

USFWS describes a conservation bank as a parcel of land 
containing natural resource values that are conserved and 
managed in perpetuity for listed species and is used to offset 
impacts occurring elsewhere to the same resource values 
(i.e., in-kind mitigation) (U.S. Fish and Wildlife Service 2003). 
Conservation banks are established for the long-term pro-
tection of a specific species that is affected on a project’s site. 
They enable large, contiguous areas of habitat to be preserved, 
restored, created, or enhanced to compensate for impacts on 
species and their habitats. Conservation banking differs from 
wetland banking in that the goal is not to replace the functions 
and values of the habitat, but to employ a broader concept of 
offsetting adverse impacts or providing net benefits to the 
species as a whole, rather than individual members of that 
species.

Conservation banks may be established on tribal, state, local, 
or private lands. The value of the natural resources within a 
bank’s lands is translated into credits and may vary by habitat 
type or management activities. Some of the biological criteria 
used when determining credit values may include habitat 
quality and quantity, species covered, conservation benefits, 
property location and configuration, and available or pro-
spective resource values (U.S. Fish and Wildlife Service 2003). 
USFWS affirms preservation of existing habitat with long-term 
conservation value as an appropriate target of conservation 
banks; such investments can offset the loss of isolated and 
fragmented habitat that may have little long-term value to the 
species. The price for bank credits typically includes funding 
for acquisition and long-term natural resource protection 
and management.

Conservation banks must be approved by USFWS and the 
state agency responsible for protecting state-listed species. 
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Table 5.5. Sample Programmatic Section 7 Agreements, Biological Assessments, and Biological Opinions

State Title Year Agencies Proposed Action Action Area Species Covered Incidental Take Mitigation–Compensation

California Programmatic Formal 
Endangered Species 
Act Consultation on 
Issuance of 404 Per-
mits for Projects with 
Relatively Small 
Effects on Listed Ver-
nal Pool Crustaceans 
within the Jurisdiction 
of the Sacramento 
Field Office, California

1996 USFWS
USACE

Any action under 
review by USACE 
that meets the  
conditions of the 
agreement. Actions 
are limited to  
projects “involving 
relatively minor 
impacts”; however, 
this is not defined.

20 counties Conservancy fairy 
shrimp, longhorn 
fairy shrimp, vernal 
pool tadpole 
shrimp, vernal pool 
fairy shrimp.

Unknown number of 
covered species 
and their cysts and 
up to 50 acres of 
their habitat in each 
of 20 counties.

Required preservation 
component, either on-
site or in “ecosystem 
preservation bank.” Also 
requires creation either 
on-site or in habitat miti-
gation bank.

California Programmatic Biological 
Opinion on the Effects 
of Minor Transportation  
Projects on the San 
Joaquin Kit Fox, Giant 
Kangaroo Rat, Tipton 
Kangaroo Rat, Blunt-
nosed Leopard Lizard, 
California Jewel flower, 
San Joaquin Woolly-
threads, Bakersfield 
Cactus, and Recom-
mendations for the 
San Joaquin Antelope 
Squirrel

2004 USFWS
California 

Department of 
Transportation 
(Caltrans)

Repair, rehabilitation, 
maintenance, and 
other routine activi-
ties related to the 
operation of the 
California State 
Highway Transpor-
tation System. 
USFWS reviews 
proposed project to 
determine if project 
is appropriate to 
append to program-
matic BO or needs 
individual BO.

Within 1,000 feet  
of Caltrans road-
ways in 10 coun-
ties; also within 
1,000 feet of  
Caltrans stock-
piles, access,  
and borrow site 
locations in these 
10 counties.

San Joaquin kit fox, 
giant kangaroo rat, 
Tipton kangaroo rat, 
blunt-nosed leopard 
lizard, California 
jewelflower, San 
Joaquin woolly-
threads, Bakersfield 
cactus, San Joaquin  
antelope squirrel.

San Joaquin kit fox–
880 acres; blunt-
nosed leopard 
lizard–760 acres; 
giant kangaroo rat–
710 acres and  
2 individuals;  
Tipton kangaroo 
rat–630 acres and 
2 individuals.

Land acquisition for newly 
disturbed habitats 
within same county 
where project occurs 
(unless otherwise 
approved by USFWS). 
Wildlife crossings for kit 
fox at 0.25-mile 
intervals.

Colorado Colorado Central Short-
grass Prairie Initiative 
Memorandum of 
Understanding and 
Programmatic Biolog-
ical Opinion

2003 USFWS
Colorado DOT
FHWA
Colorado 

Department  
of Natural 
Resources 
and Division 
of Wildlife

The Nature 
Conservancy

Colorado Natural 
Heritage 
Program

All construction  
and maintenance 
activities on the 
existing right-of-way 
and existing bridges 
(on or off system)  
in the eastern third 
of the state, over a 
20-year period.

Eastern third of the 
state (shortgrass 
prairie ecoregion), 
including the 
state’s most- and 
least-populated 
areas.

36 species including 
the bald eagle, bur-
rowing owl, Cassin’s 
sparrow, ferruginous 
hawk, lark bunting, 
lesser prairie 
chicken, loggerhead 
shrike, long-billed 
curlew, McCown’s 
longspur, mountain 
plover, black-tailed 
prairie dog, Massa-
sauga rattlesnake, 
Texas horned lizard, 
western box turtle, 
Arkansas River 
feverfew, pueblo 
goldenweed, round-
leaf 4-o’clock.

Anticipates incidental 
take of bald eagle 
will occur through 
permanent or tem-
porary loss of food 
and cover habitat. 
Calculated 3,688 
acres maximum 
potential loss of 
habitat.

Acquired and preserved a 
minimum of 15,160 acres 
of habitat (1:1 ratio of 
potential impact to miti-
gation acres). Contracted 
with The Nature Conser-
vancy and Colorado 
NHP to identify and 
manage mitigation lands.

(continued on next page)
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Ohio Programmatic Agree-
ment for the Ohio Pro-
grammatic Biological 
Opinion–Department 
of Transportation’s 
Statewide Transporta-
tion Program and  
its effects on the  
Indiana Bat

2007 USFWS FHWA
Ohio DOT

Continuing imple-
mentation of Ohio 
DOT’s statewide 
transportation pro-
gram, including 
current and future 
road construction 
and maintenance 
projects over a 
5-year period 
(2007–2012).

Statewide Indiana bat Anticipate no more 
than 15 takes each 
year for 5 years 
(total = 75 takes). 
Anticipates up to 
22,118 acres of 
suitable Indiana  
bat habitat will be 
removed due to 
projects over the 
5-year period.

(1) Protection of land/ 
habitat through conser-
vation easement or deed 
restriction; (2) protection/
restoration of riparian for-
age areas; (3) protection/ 
restoration of forested 
wetland foraging areas; 
(4) tree planting to create 
future suitable habitat, 
travel corridors, and 
restore connectivity  
of habitat; (5) invasive 
species plant control;  
(6) mist-nest surveys  
on public land to refine 
knowledge of suitable 
habitat areas (research 
bank).

Oregon Programmatic Biological 
Opinion–Oregon 
Department of Trans-
portation’s OTIA III 
Statewide Bridge 
Delivery Program

2004 USFWS
NOAA
Fisheries
FHWA
USACE
Oregon DOT

Repair and  
replacement of  
430 bridges.

Statewide 3 mammals
4 birds
9 fish
2 invertebrates
9 plants

Take of fish species 
quantified by  
(1) number of indi-
viduals handled  
and mortality; and 
(2) permanent and 
temporary area 
(acres) and length 
(feet) of riparian 
vegetation. dis-
turbance. Acres  
of habitat removal, 
acres of harass-
ment, and number 
of known nests 
used for terrestrial 
wildlife.

As of the BO date, specific 
methodologies for devel-
oping conservation prior-
ities, refining estimates of 
impacts, and identifying 
and targeting appropriate 
mitigation actions were 
under development.  
Oregon DOT will estab-
lish a network of habitat 
management areas dis-
tributed across various 
ecoregions of the state.

Table 5.5. Sample Programmatic Section 7 Agreements, Biological Assessments, and Biological Opinions (continued)

State Title Year Agencies Proposed Action Action Area Species Covered Incidental Take Mitigation–Compensation

A
n E

cological A
pproach to Integrating C

onservation and H
ighw

ay P
lanning, V

olum
e 1

C
opyright N

ational A
cadem

y of S
ciences. A

ll rights reserved.

http://www.nap.edu/22510


48

Conservation banks must remain under active management 
in perpetuity and can be either privately or publicly owned. 
In each case, the bank operator is allowed to sell credits to 
infrastructure agencies needing to satisfy legal requirements 
to compensate for their projects’ environmental impacts. 
When an agency buys conservation bank credits, the entity that 
owns the bank is making that guarantee when it is permitted 
by the USFWS and when it sells the credit. The price of the 
credit covers the guarantee.

The Guidance for the Establishment, Use, and Operation of 
Conservation Banks provides a collaborative, incentive-based 
approach to endangered species conservation that can aid in 
species recovery (U.S. Fish and Wildlife Service 2003).

Advantages and Disadvantages

rElEasE oF liaBility

Once credits are purchased from a bank, a DOT is no longer 
responsible for ensuring the success of the conservation action 
effort. That responsibility is placed in the hands of the bank 
site’s developer, who is likely much better suited to managing 
conservation lands than is the DOT. This differs from the 
situation in which a DOT acquires and/or performs conser-
vation actions and remains responsible for ensuring success 
of the conservation activity.

usE oF CrEdits For multiPlE sPECiEs

Credits may be bought, sold, or traded for the purpose of 
offsetting adverse impacts of federal, state, local, or private 
activities. However, conservation credits may only be exchanged 
for debits resulting from projects that affect a species specifically 
covered by the bank. In some instances, a conservation bank 
may contain habitat that is suitable for multiple listed species. 
When this occurs, it is important to establish how the credits 
will be divided. Credits from a conservation bank may be 
used to compensate for impacts of activities regulated under 
Section 7 or Section 10 of the ESA, as well as environmental 
impacts authorized under other programs (e.g., NEPA and state 
or local regulatory programs). For this application, the same 
credit may be used to compensate for an activity that requires 
authorization under more than one program; however, the 
same credit cannot be used to compensate for more than one 
activity (U.S. Fish and Wildlife Service 2003). As a general 
rule, overlapping multiple species credits is acceptable for a 
single project, but not multiple projects (U.S. Fish and Wildlife 
Service 2003).

The Florida DOT Platt Branch Conservation Bank provides 
an example of this approach. Under the terms of the original 
MOU with USFWS and the Florida Fish and Wildlife Conser-
vation Commission, the bank provided Florida DOT with 
conservation credits for three listed species. In 2006, the 
MOU was revised to allow additional state and federally listed 

species to be covered by the bank. Florida DOT has approxi-
mately 688 hectares (1,700 acres) in the upland mitigation 
bank, which is used to offset project impacts for 27 state- and 
federally listed species in a 15-county service area. FHWA 
reimburses the Florida DOT when credits are used for specific 
transportation projects. A trust fund was established with the 
Florida Fish and Wildlife Conservation Commission for per-
petual management and maintenance of the habitat for listed 
species. Improvements that result in higher listed species 
populations result in increasing available credit. An inventory 
is taken every 5 years to document population status.

ProtECtioN oF viaBlE PoPulatioNs, imProvEd ChaNCEs  
oF suCCEss, aNd rEduCtioN oF FragmENtatioN

It is important to site conservation banks in areas where viable 
communities can be preserved, where fragmentation of habitat 
can be reduced, and where management measures can address 
other threats that a species might encounter, including invasion 
of nonnative species or disruption of natural disturbance 
regimes. Species recovery plans, state conservation plans, and 
ecoregional plans developed by third-party conservation 
organizations may contribute goals, objectives, and target 
conservation areas for conservation banking.

grEatEr EFFiCiENCy aNd PrEdiCtaBility  
as dEsiraBlE oFFsEts arE sECurEd

Conservation banking reduces the piecemeal approach to 
conservation efforts that can result from individual projects by 
establishing larger reserves and enhancing habitat connectivity. 
Directing smaller individual mitigation actions into a bank 
streamlines compliance for the individual permit applicants 
or project proponents while providing a higher benefit to the 
target resources. Conservation banking brings together finan-
cial resources and the planning and scientific expertise not 
practicable for smaller conservation actions. By encouraging 
collaborative efforts, it becomes possible to take advantage of 
economies of scale (both financial and biological); funding 
sources; and management, scientific, and planning resources 
that are not typically available at the individual project level.

usE oF CrEdits For ClEaN WatEr aCt mitigatioN

According to the USFWS conservation banking guidance, 
credits from a conservation bank may be used to compensate 
for environmental impacts authorized under other programs, 
such as CWA Section 404. For example, wetland mitigation 
banks in south Florida are authorized by USFWS to “bundle” 
credits for panther habitat mitigation (i.e., panther habitat units) 
with the wetland credits. If impacts occur on the same acre, 
with multiple species or resource values, resources that pro-
vide similar crosscutting values elsewhere might be conserved 
at one location, so that multiple acres in multiple locations 
are not required for a unitary impact.
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Examples

East Plum CrEEk CoNsErvatioN BaNk, Colorado

Three bridge projects were proposed that would cross East 
Plum Creek in Colorado. Establishing the bank was seen as 
cheaper than case-by-case mitigation, and it would also provide 
an opportunity to create a larger habitat area. Conservation 
credits for the bank were established for meeting success criteria 
in different areas. There were 6.32 credits certified at bank 
establishment to reflect the conservation easement and the 
initial habitat restoration activities that took place. Achieving 
success criteria for maintaining alluvial groundwater levels 
would release 12.65 credits. Achieving success criteria for habi-
tat vegetation would release 3.80 credits. Achieving success 
criteria for the Preble’s meadow jumping mouse based on 
presence and population density would release 2.53 credits 
(National Oceanic and Atmospheric Administration 2003).

CaroliNa hEElsPlittEr CoNsErvatioN BaNk

The Carolina Heelsplitter Conservation Bank is dedicated to 
preserving, enhancing, and restoring key parcels of land in 
target watersheds with viable populations of the federally 
endangered Carolina heelsplitter mussel. The bank offers  
a creative, landscape-scale solution to the preservation and 
recovery of this rare and endangered mussel species. The service 
area of the bank includes watersheds with known popula-
tions of the Carolina heelsplitter mussel in North and South 
Carolina. Credits may be purchased from the bank and used 
to offset mitigation requirements associated with the Carolina 
heelsplitter mussel with the approval of federal, state, and/or 
local agencies. The initial phase of the Carolina Heelsplitter 
Conservation Bank encompassed approximately 810 acres of 
land. The bank will incorporate a trust fund to support the 
ongoing research and surveying efforts to provide long-term 
protection and reestablishment of the endangered Carolina 
heelsplitter mussel, along with an endowment fund to protect, 
manage, and monitor the land in perpetuity (Environmental 
Banc and Exchange 2009).

Recovery Credits

How It Works

Recovery credits were introduced by USFWS in November 
2007 as an additional conservation tool to aid federal agencies 
in meeting their ESA obligations to conserve listed species. 
Similar to a conservation bank, a recovery credit system (RCS) 
allows federal agencies to bank credits in advance of anticipated 
impacts on threatened and endangered species and their 
habitat and its functions. Unlike a conservation bank, recovery 
crediting encourages federal agencies to partner with private 
and nonfederal landowners to accrue credits through mutually 
beneficial conservation agreements that may be in perpetuity 

(easement or fee title purchase) for permanent impacts or 
that may address temporary construction impacts through 
nonperpetual easements. Also, unlike a conservation bank, the 
RCS requires the combined effects of both adverse and benefi-
cial actions to achieve a net benefit to the recovery of the species. 
“Net benefit to recovery” is defined as the enhancement of a 
species’ current status by addressing the threats identified at 
the time of listing or in a current status review.

A federal agency may develop and store credits to be used 
at a later time to offset particular adverse effects of its actions. 
The Service reviews each RCS to ensure the net conservation 
benefits outweigh any potential impacts that could occur 
during project implementation. Each proposal is evaluated 
on its own merit, and some activities related to particular 
listed species may not be appropriate for the new credit system 
(Harrelson 2008).

Advantages and Disadvantages

The goal of an RCS is to enhance the ability of federal agencies 
to promote the recovery of listed species on nonfederal lands 
and offset adverse effects to listed species from proposed 
actions. Potential benefits of an RCS include the following 
(Harrelson 2008):

•	 Better and more cost-effective integration of recovery with 
agency activities;

•	 Streamlined ESA Section 7 consultation; and
•	 Increased predictability for federal action agencies and 

private landowners.

Examples of RCS

The first application of the RCS was in Texas, where the U.S. 
Army and the Fort Hood Military Reservation banked credits 
for conservation actions conducted on private lands to offset 
impacts on endangered golden-cheeked warbler habitat.

Another example illustrates the value of avoiding piece-
meal approaches to endangered species conservation. FHWA 
and Arkansas Highways initiated a pilot project to establish a 
market-based system (Habitat Credit Trading) to address 
Section 7 of the ESA requirements for transportation projects 
on a local scale. The particular project application was Arkansas 
State Highway 18, connecting the city of Jonesboro and other 
townships in northeast Arkansas to I-55. The federally endan-
gered fat pocketbook mussel (Potamilus capax) occurs in streams 
adjacent to private lands within the project area downstream 
of USACE water control structures that drain Big Lake National 
Wildlife Refuge. It was determined that “the relationship 
between cost per credit and credits generated becomes increas-
ingly favorable as the RCS site size increases” and further, that 
“the proposed debiting framework provides an efficient ratio 

An Ecological Approach to Integrating Conservation and Highway Planning, Volume 1

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22510


50

which is likely to cause development entities to evaluate project 
alternatives prior to impacting threatened and endangered 
species and their habitats” (Peck et al. 2009).

Habitat Conservation Plans

How It Works

Permits (e.g., incidental take permits) can be issued under ESA 
to allow the take of endangered or threatened species under 
certain circumstances. The permit applicant must have a habi-
tat conservation plan (HCP) approved before an incidental 
take permit can be issued. HCPs are prepared by the permit 
applicant and identify specifically how the applicant is going 
to avoid, minimize, and mitigate the take of any threatened or 
endangered species that may result from their actions. USFWS 
reviews the HCP and decides whether to issue the incidental 
take permit. Nationwide, there are more than 675 HCPs in 
effect covering nearly 600 species on approximately 42 million 
acres (U.S. Fish and Wildlife Service 2011).

Advantages and Disadvantages

The primary disadvantage of an HCP for state transportation 
agencies is that nearly all of their capacity projects are federally 
funded and thus require Section 7 consultation. Section 7 
compliance with preparing an HCP is not an option. Despite 
these limitations, HCPs offer an outstanding example of how to 
accomplish multispecies, and often multiresource, conservation 
on an ecosystem basis. The existence of an HCP can greatly 
facilitate advance or programmatic conservation measures. 
Nevada, Wisconsin, and California provide good examples of a 
DOT contributing to implementation of an HCP and receiving 
coverage under Section 10 for state actions or Section 7 for 
federal actions, if combined with a consultation.

Example of a Habitat Conservation Plan

NiSource in Indiana is a natural gas distribution company 
that is seeking an incidental take permit for the take of 
threatened and endangered species that may result from 
their routine operation and maintenance activities. The 
company operates a 17,500-mile network of interstate nat-
ural gas pipelines across 17 states. Routine operation and 
maintenance includes repairing, upgrading, replacing, and 
expanding pipelines and associated infrastructure. These 
activities are sometimes in or near endangered or threatened 
species habitat and thus could result in taking a listed species. 
NiSource is currently developing an HCP in conjunction 
with its application for a permit. The permit would cover 
all pipeline work within a 1-mile-wide corridor (0.5 mile 

on either side of the centerline of the pipe) that might result 
in take of a listed species.

Each year, NiSource undertakes approximately 400 proj-
ects across its natural gas pipeline system to repair, upgrade, 
replace, and expand its natural gas infrastructure. According 
to NiSource, these projects are almost always located in areas 
that trigger ESA compliance requirements under Section 7. 
NiSource maintains that although their work has a temporary, 
and for the most part, negligible impact on listed species and 
their habitats, compliance with the ESA under Section 7 car-
ries a significant budgetary and administrative burden for the 
company, USFWS, and numerous other federal agencies with 
regulatory authority over NiSource activities.

In 2005, NiSource approached USFWS to explore the 
feasibility of developing a multistate MSHCP that would 
provide conservation benefits to federally listed species and 
accommodate future construction, operation, and maintenance 
of NiSource natural gas pipelines and ancillary facilities. 
NiSource and USFWS agreed that efforts to develop an MSHCP 
and issuance of an incidental take permit under Section 10(a)
(1)(B) of the ESA represented the best approach for harmo-
nizing the conservation needs of threatened and endangered 
species with the regulatory compliance obligations of NiSource. 
The approach would seek to integrate NiSource’s natural gas 
pipeline activities with the conservation and recovery goals of 
listed species, reducing conflicts between listed species pro-
tection and economic development and streamlining ESA 
consultation procedures among a variety of agencies.

Three key issues reflected uncertainties and questions: 
(1) no applicant had ever attempted to develop an MSHCP 
on such a large scale; (2) the NiSource activities to be imple-
mented, and where and when they would be implemented, 
were unknown; and (3) the amount of take and methods for 
calculating take were uncertain.

NiSource and its consultant developed matrices on the 
activities the pipeline work entailed, where species breed 
and feed, and the relation of these factors to the landscape 
and impacts. They produced a threats analysis of the activi-
ties, identifying particular stressors the activity could have 
on the species, and then filled out activities likely to occur 
in any given location and the duration of those activities. 
From this, NiSource and USFWS generated an estimated 
amount of take for each species. Next, they looked at the 
effects analysis, including the impacts of the current and 
anticipated take on the species; decided what measures 
would avoid and minimize impacts on the species; and 
then considered what NiSource would need to mitigate. 
NiSource also agreed to implement their BMPs all the time 
and to avoid highly sensitive areas for imperiled species in 
new construction (U.S. Fish and Wildlife Services, NiSource 
Habitat Conservation Plan).
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Candidate Conservation Agreements  
with Assurances

How It Works

Candidate conservation agreements (CCAs) are formal agree-
ments between the Services and one or more parties to address 
the conservation needs of proposed or candidate species or 
species likely to become candidates. The participants volun-
tarily commit to implementing specific actions that will remove 
or reduce the threats to these species, thereby contributing to 
stabilizing or restoring the species so that listing is no longer 
necessary.

Candidate conservation agreements with assurances (CCAAs) 
commit those bound by the agreement to a package of voluntary 
conservation measures that the Services believe will contribute 
tangibly to the recovery of the species. In exchange, the party or 
parties to the agreement receive assurances from the Services 
that additional conservation measures will not be required 
should the species become listed in the future.

A CCAA must include

•	 A description of the population levels (if available or deter-
minable) of the covered species existing at the time the 
parties negotiate the agreement; the existing habitat char-
acteristics that sustain any current, permanent, or seasonal 
use by the covered species on lands or waters owned by the 
property owner; and/or the existing characteristics of the 
property owner’s lands or waters included in the agreement 
that support populations of covered species on lands or 
waters not on the participating owner’s property;

•	 A description of the conservation measures that the property 
owner is willing to undertake to conserve the species covered 
by the agreement;

•	 An estimate of the expected conservation benefits as a result 
of conservation measures (e.g., increase in population num-
bers, enhancement, restoration, or preservation of suitable 
habitat; removal of threats) and the conditions that the 
property owner agrees to maintain;

•	 Assurances that the Services will not require additional 
conservation measures or impose additional take restrictions 
beyond those agreed to if a covered species is listed in the 
future (for DOTs, this assurance would need to apply to 
future consultation requirements and “reasonable and pru-
dent measures” required in incidental take statements);

•	 A monitoring provision that may include measuring and 
reporting progress in implementation of the conservation 
measures described above and changes in habitat conditions 
and the species’ status resulting from the measures; and

•	 A notification requirement to provide the Services or 
appropriate state agencies with a reasonable opportunity 
to rescue individuals of the covered species before any 
authorized take occurs.

Advantages and Disadvantages

CCAAs are intended for nonfederal entities (U.S. Fish and 
Wildlife Service and National Marine Fisheries Service 1999). 
Although state DOTs and other state agencies are ostensibly 
eligible for CCAAs, the federal funding for transportation 
projects necessitates Section 7 consultation.

State transportation agencies and the private conservation 
organizations with which they may partner in the develop-
ment of conservation agreements are clearly nonfederal entities 
and thus eligible for assurances when they treat candidate 
species as if they were listed and design and implement con-
servation measures that contribute to their recovery. However, 
the assurances of value and interest to state DOTs relate to 
incidental take statements under Section 7 of the ESA rather 
than incidental take permits under Section 10.

Conservation benefits may include reduction of habitat 
fragmentation rates, restoration or enhancement of habitats, 
increase in habitat connectivity, maintenance or increase of 
population numbers or distribution, reduction of the effects 
of catastrophic events, establishment of buffers for protected 
areas, and areas to test and develop new and innovative 
conservation strategies. Recognizing that while a species is a 
candidate, and a property owner is under no obligation to avoid 
take, the assessment of benefits would include consideration 
for what the property owner agrees not to do as well as any 
enhancement measures he or she agrees to undertake. If the 
Services and the property owner cannot agree on what con-
stitutes benefits, the Services would not enter into the agreement. 
CCAAs are subject to a strict beginning baseline, below which 
losses cannot occur; this is one reason this vehicle is not fre-
quently recommended.

Example of a CCA

In Idaho, efforts have been made to use CCAs and CCAAs to 
avoid the need to list additional species and provide direct 
beneficial effects for species. Slickspot peppergrass (SSPG; 
Lepidium papilliferum) is an annual or biennial white flower 
thought to occur only in southern Idaho. SSPG was inter-
mittently designated as a candidate species under ESA for over 
a decade. In early 2003, the state Office of Species Conservation 
was made aware that USFWS believed that an endangered 
listing was appropriate based on the information available 
and that significant changes in land use would result from 
this listing.

Through negotiation by interested parties including the 
Office of Species Conservation, Idaho Department of Fish 
and Game, Idaho National Guard, Idaho Bureau of Land Man-
agement, and a consortium of ranching interests, efforts were 
made to avoid listing of the species through development of 
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a CCA. In July 2003, USFWS delayed their listing decision by 
6 months to allow completion of the CCA and resolution of 
some final issues. USFWS and NOAA’s Policy for Evaluation 
of Conservation Efforts was applied as a guideline for the 
development of this CCA; this was the first application of this 
policy for CCA development. Conservation measures prepared 
to address each threat to SSPG were included in the CCA. 
A USFWS-facilitated scientific review panel validated conclu-
sions reached by the SSPG partnership and found that the CCA 
would substantially delay risks of extinction of SSPG.

In January 2004, USFWS issued a determination that the 
proposal to list SSPG was not warranted because of the 
management plans developed and instituted under the CCA, 
a win-win solution for all parties to the agreement and for the 
species (Inghram 2005).

Commitment tracking Methods

In addition to the assurance methods described in this section, 
there is another group of methods that can be described as com-
mitment tracking methods. Commitment tracking methods 

help DOTs assure that commitments and informal agreements 
made to the resource agencies are implemented. Guidance 
issued by the Council on Environmental Quality (CEQ) in 2011, 
Appropriate Use of Mitigation and Monitoring and Clarifying 
the Appropriate Use of Mitigated Findings of No Significant 
Impact, further emphasizes the need for agencies to adhere 
to environmental commitments, monitor the effectiveness  
of mitigation, and make that information publicly available 
(Council on Environmental Quality 2011). Typically, com-
mitments are recorded in permit or consultation documents, 
but they need to be effectively conveyed from planning or 
project development departments within the DOT to construc-
tion and maintenance. Commitment tracking mechanisms 
used by DOTs were evaluated in a recent National Cooperative 
Highway Research Program (NCHRP) report, Compendium of 
Best Practices for Incorporating Environmental Commitments 
into Transportation Construction and Maintenance Contract 
Documents (Venner and Paulsen 2009). That report should 
serve as a useful resource of methods that help to provide 
assurance that conservation and mitigation commitments 
made early in planning are kept.
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C h a p t e r  6

Many of the assurance and commitment tracking methods 
described in Chapter 5 may be used at the ecosystem scale. This 
chapter describes the limits of and approaches for applying 
these methods at the ecosystem scale.

Limits of Using Methods  
at an ecosystem Scale

Reluctance to Use a Habitat Approach

There has been some reluctance to use habitat acres as a sur-
rogate for species impacts. Although habitat is not a limiting 
factor for some species of concern, it is for the vast majority, 
and there is growing recognition of the value of habitat- and 
ecosystem-based approaches in recovery and conservation 
planning. Much has changed in the last 5 to 10 years. National 
Wildlife Federation v. Babbitt upheld a habitat approach, and 
now USFWS is advocating strategic habitat conservation and 
landscape-level conservation, including landscape conserva-
tion cooperatives that will try to fill data gaps to enable these 
conservation approaches to be used more easily. USFWS is 
also integrating recovery planning, with its greater habitat 
and ecosystem conservation approach, with ESA Section 7 
consultation.

Need for Protection of Priority Site Before 
Permit or Consultation Is Finalized

Often the very highest conservation priority areas face sig-
nificant and urgent threats from development or destruction. 
In some cases, destruction or the loss of the parcel for conser-
vation purposes is an imminent threat during the time before 
the Section 404 permit or the programmatic consultation can 
be completed. Still, DOTs may not be able to secure the site 
until the regulatory agency can provide written confirmation 
that the site is desirable for its conservation or restoration 

values and, most of all, that the site will qualify as an acceptable 
mitigation or offsetting measure for ESA Section 7 consulta-
tion or CWA 404 review.

Reluctance to Presume Presence of Species

At times, some USFWS staff have been reluctant to assume a 
species is present and to overestimate impacts, primarily as a 
result of the Arizona Cattle Growers Association v. United 
States Fish and Wildlife Service decision; however, as the 
court identified, the threshold for USFWS to clear in terms 
of evidence of impacts is very low. The agency should dem-
onstrate that a species is or could be in an area before regu-
lating it and must establish a causal connection between the 
land use being regulated and harm to the species in question; 
mere speculation as to the potential for harm is not sufficient 
(Arizona Cattle Growers Association v. United States Fish and 
Wildlife Service, No. 99-16102, 273 F. 3d 1229 [9th Cir. 
2001]). In Arizona Cattle Growers, the court held that USFWS 
would have to demonstrate that a “take” of protected species 
was “reasonably certain to occur”; however, this was a case in 
which the regulated party objected to broader estimation of 
potential presence. This is the opposite of the situation for 
state DOTs, which would have an interest in reasonable esti-
mation of presence so they can proceed with earlier envi-
ronmental decision making and ecological approaches to 
mitigation.

Uncertainty and Insufficient Information

When developing an effects analysis and associated inciden-
tal take statement that includes future actions for which 
insufficient information is available to make accurate deter-
minations (e.g., when consulting at the plan level and the 
specific combination of future activities and locations is not 
yet identified), the Services must provide the benefit of the 

Using Assurance and Commitment Tracking 
Methods at an Ecosystem Scale
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doubt to the species and develop reasonable projections of 
potential conflicts between activities that can occur under 
the agency’s program and the protection of listed species. 
From these projections, the Services must estimate the 
potential effects and derive the anticipated level of inciden-
tal take that is likely to occur, corresponding to the maxi-
mum level of impacts that may be caused by the action 
(Conner v. Burford, 848 F.2d 1441; Silver v. Babbitt; Silver v. 
Thomas). The Service has called this “reasonable worst case 
assumptions.”

USFWS allows for the times when “uncertainty regarding 
the potential effects of future actions developed through 
implementation of the action agency’s program may be so 
great that it is not possible to accurately project the potential 
effects that may result. To address these situations the Ser-
vices should work with the action agency to jointly develop 
‘assumptions’ that will be used to constrain the effects analy-
sis” (U.S. Fish and Wildlife Service 2003).

Concern Over Nonregulated Resources

An ecosystem approach means that nonregulated resources 
will often be protected in the process of regulatory compli-
ance for regulated resources. With regulatory agency input, 
transportation agencies can include offsetting measures in 
their proposal or project description. Those activities then 
become an intrinsic part of the proposed action.

Implementation of Mitigation  
and Conservation Measures

Implementing required conservation or mitigation is less an 
issue than it may first appear; advance conservation and 
mitigation assure the action in fact occurs. If it is not accept-
able and implemented, no permit is issued and the project 
stops. Consultation and mitigation that occur on the plan-
ning level have the advantage of being implemented and 
potentially evaluated years before a transportation improve-
ment is built.

How DOTs manage mitigation commitments is very 
important for agency relationships and DOT credibility. To 
date, environmental commitments on the planning level 
are a relatively new concept. They have not yet been incor-
porated into DOT environmental commitment tracking 
systems, which have primarily focused on assuring com-
mitments are covered in design and construction. Some of 
the typical challenges and needs for DOT commitment 
tracking systems are compiled in the NCHRP report Asset 
Management of Environmental Mitigation Features (Venner 
et al. 2009).

approaches for Using Methods 
at an ecosystem Scale

Implement Best Practices for Using 
Commitment Tracking Systems

Commitment tracking systems are emerging as ways to 
track smaller commitments of DOTs (i.e., those commit-
ments outside of the off-site, off-system conservation and 
mitigation that are the main focus of this project and report). 
In Best Practices of Incorporating Environmental Commit-
ments into Contracts, WSDOT reported conclusions from an 
evaluation of their own commitment tracking system. They 
concluded that, although regions used a variety of different 
methods to track commitments, all generally did a good job. 
The study found that violations or shortfalls were not related 
to insufficiencies with commitment tracking or communica-
tion. Approaches for further improvement included continu-
ation of common practices, including

•	 Extract permit conditions into contract provisions or plan 
details, in addition to attaching the permit as an appendix 
of the contract.

•	 Enhance standard specifications and general special provi-
sions to address common permit conditions.

•	 Work with resource agencies to clarify and standardize per-
mit language.

•	 Recognize that environmental compliance has a cost to 
the DOT that cannot be deferred to the contracting 
agency (Washington State Department of Transporta-
tion 2008).

These and other approaches to support commitment track-
ing and follow-through at DOTs are described in the NCHRP 
report Compendium of Best Practices for Incorporating Envi-
ronmental Commitments into Transportation Construction and 
Maintenance Contract Documents (Venner and Paulsen 2009). 
In general, the more systematic the process is and the more 
tools are developed to support it, the more robust and reliable 
the process tends to be.

Show How Avoidance and Minimization 
Occurred in Planning

Transportation agencies should develop and document avoid-
ance and minimization measures at every stage of the project, 
from planning through permitting. As many have pointed 
out, the greatest avoidance can be achieved in planning, when 
routes are not yet firmly established and projects have yet to 
be budgeted.
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To respond to agency regulations, successful approaches to 
advance mitigation must demonstrate avoidance and mini-
mization; in particular,

•	 Project-level practicable alternatives analysis for those with 
individual permits (40 CFR Sec. 230.10[a]); and

•	 Avoidance and taking “appropriate and practicable steps . . . 
which will minimize potential adverse impacts of the dis-
charge on the aquatic ecosystem” (40 CFR Sec. 230.10[d]).

North Carolina DOT has effectively dealt with these issues 
by ensuring project-by-project reviews for individually 
permitted actions, but in a programmatic context. USACE 
concurs with purpose and need, alternatives, selection of 
alternatives, and then minimization of impacts and a deter-
mination of whether on-site mitigation is practicable and 
environmentally beneficial. North Carolina’s EEP is used for 
compensatory mitigation only after these steps.

States have taken pains to preserve the sequencing process 
in many advance mitigation efforts. In the Washington State 
and North Carolina programs, USACE and EPA always 
reserve the right to say that use of a bank or advance mitiga-
tion is not appropriate. Likewise, the Caltrans–FHWA MOA 
on early mitigation planning commits that

When an individual transportation project for which a miti-
gation strategy was developed is undergoing preliminary 
design and environmental studies, an evaluation will be made 
to determine if all appropriate avoidance and impact minimi-
zation measures have been incorporated. Caltrans will request 

concurrence from the resource agencies in this evaluation. If 
concurrence is granted, then the compensation plan as agreed 
upon in the Agreement of Mitigation Strategy will be the basis 
for offsetting the remaining unavoidable impacts. (Caltrans 
and Federal Highway Administration 2003)

GIS and commitment tracking systems are enabling DOTs 
to do more documentation and quantification of how they 
are avoiding and minimizing impacts throughout the trans-
portation planning, development, design, and construction 
process. Texas DOT has gone through a process of demon-
strating avoidance and minimization on the planning level and 
NEPA Tier I for the I-69 corridor to preserve the sequencing 
process and consider compensatory mitigation opportunities.

For both ESA and CWA concerns, illustrating how and 
where avoidance and minimization occur in the process can 
allay concerns. Developing and applying BMPs or standards 
to be met on a programmatic basis helps achieve avoidance 
and minimization.

Address Mitigation and  
Conservation Risk Factors

Understanding the risk factors and planning to address them 
can reduce the uncertainty associated with mitigation and 
conservation. Risk factors and considerations to address them 
were identified in a working paper to support the Willamette 
Partnership in Oregon. The factors identified in that paper 
are summarized in this section and in Table 6.1 (Willamette 
Partnership 2009).

Table 6.1. Environmental Mitigation and Conservation Risk Factors

Risk Factor Description

Quality of the original site (locally and for broader 
landscape)

If a site and its adjacent land cover meet a certain set of criteria (e.g., low-invasive 
cover, adjacent to natural lands, located in a priority area), they are more likely to 
produce lasting ecological value.

Suitability of the restoration design If a site is restored to historic or reference conditions, it is more likely to reach its 
site system potential.

Qualifications of the land manager and/or restoration  
practitioner

If a manager or practitioner has experience, capacity, and a restoration mission,  
he or she is more likely to deliver a successful restoration project.

Timing of credits related to impacts Credits created after an impact has occurred increase temporal loss of function 
and create a risk that functions lost may not be replaced if the restoration does 
not perform as planned. Credits released before performance standards are 
reached increase the risk that the project may never meet these standards.

Known effectiveness of development and conservation 
action

The response of ecosystems to some human actions is much better understood 
than others. Wetland restoration generates more predictably measurable  
benefits than wetland creation.

Long-term management (plan, person, and funds) Sites that are protected with long-term leases or easements, have money set aside 
for management, and have someone in charge of them are more likely to sustain 
their benefits.
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Considerations to address the risks identified in the working 
paper for the Willamette Partnership include

•	 Additionality: All credited projects need to demonstrate 
they provide “additional” conservation benefits. The addi-
tionality requirement ensures credits are awarded for 
doing more than what would otherwise have happened.

•	 Minimum quality standards: Projects that generate credits 
need to meet minimum standards of quality. Quality stan-
dards help save time and money by ensuring good site 
selection and project design.

•	 Service areas and other site selection or eligibility criteria and 
requirements: Eligibility criteria are designed to exclude 
overly risky or inappropriate projects. Design qualifications 
may be set as a type of eligibility requirement, such as target 
species, habitat elements, and diversity. Strict eligibility cri-
teria generally lead to fewer conservation or restoration 
projects; however, the likelihood of success may increase.

•	 Baseline assessment, monitoring, and reporting: Verification 
answers two general questions: (1) are mitigation project 
developers complying with rules and procedures? and (2) is 
the site achieving the required performance measures?
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C h a p t e r  7

This research effort identified various gaps between the eco-
logical approach, real-world opportunities, and available 
implementation methods. The gaps are related to policy, 
technical, and institutional factors. The Integrated Ecological 
Framework (IEF), the analysis reported in this three-volume 
series, and subsequent work supported by TRB and FHWA 
all help to address these gaps and build on opportunities.

Understanding ecosystem 
approaches

A true ecosystem approach recognizes the dynamic inter-
connections within and between ecosystems and attempts 
to account for these interconnections in designing compen-
satory mitigation. Currently, protection is granted to vari-
ous components of an ecosystem without a regulatory 
framework to address the interconnectivity of the whole 
ecosystem.

To develop and implement an ecosystem approach to trans-
portation impacts and mitigation, one must first understand 
what an ecosystem is. Most definitions refer to communities 
of plants and animals and their environment and the link 
between biotic and abiotic components. To understand the 
functions of an ecosystem, the processes linking the various 
components, including the soil, biology, geology, topography, 
and hydrology, must be understood, as well as the flow of 
material and energy. Spatial scale is also important to con-
sider, and the implications for resources of concern. In gen-
eral, watersheds and ecoregions have been the major unit of 
organization for ecosystem studies and theory.

Although numerous scientific studies have worked to 
understand the processes of and interconnections within 
ecosystems, full understanding remains a difficult goal. Eco-
systems are inherently dynamic, and scientists accept that in 
many cases a stable, steady state is neither possible nor natu-
ral. Regulators must contend with these difficulties and a 
substantial amount of uncertainty when considering how to 

construct ecosystem approaches to transportation planning 
and mitigation.

providing Data, Methods,  
and Measures

Many sources of data on multiple facets of the ecosystem are 
available for any given geographic location in the United 
States; however, the accessibility and usability of that data (in 
terms of type, quality, compatibility, and format) varies, and 
a uniform national standard is not available. Nevertheless, 
considerable progress has been made. Over the last 30 years, 
much has been learned about the composition, structure, and 
function of most wetland types in the United States. For 
example, through the National Wetland Inventory, prelimi-
nary maps showing the extent and distribution of the various 
wetland types have been developed. In addition, the NHP 
network has developed extensive data sets on the locations of 
rare, threatened, and endangered plant and animal popula-
tions and other features of conservation interest. Programs 
such as the Gap Analysis Program have looked at relatively 
large areas and assessed protection status and priorities for 
listed species. Despite these excellent efforts, nationwide data 
sets specifying boundaries, ranges, likelihood of species pres-
ence, and habitat or wetland quality are largely lacking.

In addition to consistent ecosystem-level data, a need exists 
for a standardized approach to integrating the data. Although 
identification, delineation, and assessment methodologies have 
been evolving with more sophisticated technology and scien-
tific knowledge, they are not yet readily available for use by 
regulators and project planners. In addition, although these 
methodologies are relatively affordable, a committed invest-
ment in their development will be required.

Finally, a lack of assessment measures is another gap to 
implementing ecosystem approaches. The availability of mea-
sures to assess ecological functions or estimate the quality of a 
resource depends on the interest in that resource that stems 

Gaps and Opportunities
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from a conservation, regulatory, or academic perspective. 
Interest in wetland function was arguably primarily academic 
until the enactment of CWA Section 404. The past 30 years 
of intensive study of wetland function on a site-by-site basis 
has led to the development of rapid assessment tools that gen-
eral practitioners can apply. Outside of wetlands, the study 
of other ecosystem functions is rapidly proliferating but still 
lies largely in the academic and conservation realms. A num-
ber of developing rapid assessment techniques serve as ana-
logs for more intensive, site-specific studies. One example is 
a comprehensive, scalable “biodiversity scorecard” devel-
oped by the Colorado NHP and The Nature Conservancy. The 
scorecard translates fine-scale information for lay audiences. 
GIS-based tools are readily available that allow the analysis of 
patch size, connectivity, and edge metrics and the assessment 
of potential projects based on the degree to which patches are 
fragmented or consolidated. These metrics may also serve as 
analogs for detailed or site-specific assessments of ecosystem 
function.

regulatory Framework for 
ecosystem approaches

Single-Resource Approach

Existing law essentially mandates that each agency adopt a 
single-resource approach as opposed to an ecosystem approach 
to infrastructure planning. Although regulators and permit 
writers are often interested in broader-based ecological out-
comes, the regulations limit focus to specific resources for each 
agency. For example, USACE is required to primarily assess 
project-related impacts on those resources under their reg-
ulatory authority, such as jurisdictional wetlands. Although 
the CEQ and resource agencies signed an interagency MOU 
encouraging an ecosystem approach in 1995, there is still prog-
ress to be made in implementation (Council on Environmen-
tal Quality 1995).

Imbalance in Mitigation of Resources

In theory, the NEPA process is designed to account for impacts 
on all natural resources. Accounting for impacts on multi-
ple resources and ecological functions through mitigation 
(including compensatory mitigation) is key to an ecosystem 
approach, but existing regulatory priorities and the single-
resource approach work against this. In addition to regulated 
resources, nonlisted species and unprotected areas need to be 
conserved and sometimes restored. For instance, a nation-
wide trend of major declines in upland plant communities has 
been documented (Reed et al. 1995). This decline may be a 
result of the regulatory focus placed on wetlands while upland 
communities are neglected. The vigorous protection of one 
group of plant communities can push projects and impacts 

disproportionately to communities without such regulatory 
protection.

States have primary authority over conservation planning 
for nonlisted species because they hold primary authority 
and responsibility for protection and management of fish, 
wildlife, plants, and their habitats. Under the ESA, the federal 
government preempts this authority in the case of federally 
listed threatened and endangered species. Nevertheless,  
Section 6 of the ESA provides that USFWS and NOAA Fisher-
ies will cooperate to the maximum extent practicable with the 
states in carrying out the program authorized by the act. 
Agencies can work together on consolidated, multiresource 
mitigation methods and approaches organized around regu-
lated resources to accomplish ecosystem objectives with ben-
efits to nonlisted species and other nonregulated resources.

Federal Authority of an Ecosystem-Based 
Regulatory Framework

Given the scientific complexity and uncertainty of eco-
system processes, the lack of well-organized and accessible 
data, and the single-resource approach to mitigation, the 
development of a true ecosystem-based regulatory framework 
is challenging. A federal jurisdiction approach may be the logi-
cal scale at which to offer regulatory protection for resources 
with national value that cross many other jurisdictional 
boundaries. However, a federal approach would involve much 
con troversy and runs counter to recent devolution trends. The 
evolution of federal authority over wetlands as Waters of the 
United States has been well documented and is still being chal-
lenged. Given this one example, it is difficult to imagine how 
federal authority over even broader ecosystems or landscapes 
would be asserted, what group in the legislature would cham-
pion such a cause, how this authority could be asserted under  
the constitution, and how it would survive the certain legal 
challenges. Nevertheless, the U.S. Department of Agriculture 
(USDA) has established the Office of Environmental Markets 
(formerly called Office of Ecosystem Services and Markets) in 
conjunction with a federal governmentwide Conservation and 
Land Management Environmental Services Board to assist the 
development of new technical guidelines and science-based 
methods to assess environmental service benefits (U.S. Forest 
Service 2008). These actions will promote markets for eco-
system services, including carbon trading to mitigate climate 
change.

The regulatory framework is perhaps the most difficult 
gap. Although a regulatory framework that provides some 
level of federal authority over ecosystems may be unlikely, 
that does not preclude resource and regulatory agencies and 
DOTs from using ecosystem science and theory to advance 
their individual regulatory missions and conservation goals 
within the existing regulatory framework.
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Coordinating Federal and  
State Conservation efforts

Leveraging Diverse Federal Efforts

Various federal and state programs acquire land for conser-
vation purposes. Environmental agencies and organizations 
have engaged in conservation planning to identify areas of 
highest priority and to direct limited conservation resources 
in a strategic manner. However, these efforts are often dis-
connected, making it difficult to achieve a unified picture of 
conservation priorities that can assist DOTs and MPOs with 
their planning efforts.

The January 12, 2009, MOU titled Partnership for Coopera-
tive Conservation established a framework among six federal 
agencies (U.S. Department of the Interior, EPA, USDA, U.S. 
Department of Defense, CEQ, and NOAA) to enable contin-
ued collaboration on natural resource and environmental 
management across organizational and jurisdictional bound-
aries (Partnership for Cooperative Conservation 2009). The 
August 2004 Executive Order on Cooperative Conservation 
(13352) provided initial direction to the federal agencies that 
oversee environmental and natural resource policies and pro-
grams to promote cooperative conservation in full partner-
ship with states, local governments, tribes, and individuals. 
There is an opportunity to build on these efforts to achieve a 
unified federal program for conservation planning.

Different Spatial and Temporal Scales of 
Conservation Planning and Need for Online 
Coordination of Conservation Planning Efforts

Conservation planning can occur at different spatial and tem-
poral scales. Subglobal or regional approaches to conservation 
planning often guide decisions and planning within relatively 
large areas such as ecoregions and identify species, communi-
ties, and locations that should be conserved (Gordon et al. 
2005). Similarly, conservation planning occurs across a wide 
variety of stakeholders and action agencies. This information 
tends to reside at the institutional level at which it was gener-
ated, leading to disconnects among differing agency efforts 
and spatial and temporal scales. Systems are needed for high-
level integration of this information and to make this inte-
grated information readily available to decision makers.

There is no compendium of these programs and regional 
conservation planning efforts across the United States in a for-
mat that can be applied to transportation planning. As noted 
earlier, regional conservation efforts across the country include

•	 Multispecies conservation, biodiversity, or watershed plans 
or programs that set goals or targets (e.g., population num-
bers, amounts of habitat) or use “hot spot” or gap analysis 
program methodology and are applied to private lands and 
other landowner categories;

•	 Ecosystem-based conservation plans that set goals or tar-
gets and are applied to private lands and other landowner 
categories;

•	 Ecoregions identified as high priority or high risk for eco-
logical or species loss to systems; and

•	 Single-species conservation plans that represent broad-scale, 
high-profile, collaborative initiatives affecting ecosystems.

A report by the National Council for Air and Stream Improve-
ment, Summary of Conservation Planning Efforts in Forested 
Regions of the United States, provides a first step to help DOTs 
and FHWA link with these multiple-agency and public–private 
programs, which occur at scales ranging from small regions to 
multiple states and countries (Mehl and Haufler 2008). How-
ever, a compendium does not address how the regulations 
associated with each program can be met in a combined fash-
ion or how transportation agencies might link with the initia-
tives. The IEF addresses this issue, which is worthy of additional 
research.

A top priority is development and display of conservation 
priorities in geospatial or mapped form. Only 30 of the state 
wildlife conservation/action plans incorporate mapped pri-
ority conservation areas, much less depict areas already under 
effective conservation. This information is essential for DOTs 
to take action to leverage investments thus far and help exe-
cute conservation objectives in the geographic areas where 
they work.

NGOs such as The Conservation Fund and The Nature 
Conservancy are familiar with the bulk of these conservation 
programs and may be able to more quickly and easily con-
sider how DOT needs, conservation opportunities and pri-
orities, and incentive programs for the relevant parties may 
be matched and leveraged for maximum conservation bene-
fit. DOTs would also benefit from preidentification of specific 
restoration opportunities by conservation groups. Further-
more, DOTs may be able to partner with conservation groups 
to contribute to maintenance of these projects. Some DOT 
maintenance departments have indicated an interest in these 
sorts of partnerships.

Improving Information  
and Data-related Gaps

Many of the challenges of implementing an ecosystem approach 
are related to information and data gaps. To date, DOTs and 
resource agencies have not invested in nationwide or regional 
data sets that could answer many ecological questions and 
enable many permitting and consultation questions to be 
resolved earlier in the design process. However, overall data 
quality, management, storage, access, and security concerns 
have been ongoing issues, and many agencies are making prog-
ress in this area. For example, USFWS landscape conservation 
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cooperatives address some of these issues. Many agencies do 
not have the time to identify data sets and understand what 
is available. The IEF identifies data sets to implement an 
ecosystem-based approach. The SHRP 2 Capacity program 
is also sponsoring a project to bring together national eco-
logical data sets in a one-stop shop.

Local Land Use and  
Land protection Gaps

DOT investments in mitigation sites often are compromised 
over time by changes in local land use that ultimately affect 
the resource created or restored through the DOT’s mitigation 
effort. These impacts, when combined with the institutional 
and technical challenges of finding and acting on conserva-
tion and restoration of priority sites for mitigation, make it a 
real challenge to implement the Eco-Logical approach (Brown 
2006). The sections that follow explore some of these gaps in 
more detail.

Delegated Land Use Authority  
by State and Local Jurisdictions

All 50 states have adopted zoning and enabling legislation 
that largely relegates land use control to local jurisdictions. 
States vary markedly in how they award planning authority. 
Means for delegating land use authority include home-rule 
provisions, state constitutions, legislation, and adoption of 
municipal charters. Home rule means cities or counties can 
adopt the “plenary police power” of the state and legislate on 
any matter that affects the health, safety, or welfare of the citi-
zens, except for matters of statewide concern. Some states 
adopt a uniform building code for the entire state and pro-
hibit local governments from adopting codes that differ from 
the state’s code.

Delegated land use authority does not always come with a 
planning requirement. Only about half of all states require 
municipal or comprehensive planning. States requiring plan-
ning also vary in the extent to which they impose conditions 
on these plans. Some, such as California, require local plans to 
have a transportation element or have created incentives for 
integrated planning and consideration of greenhouse gases or 
natural resource implications. In addition to comprehensive 
planning, zoning and subdivision regulations become the legal 
tools that communities and counties have to manage what actu-
ally gets built (location and intensity of development), to estab-
lish growth controls, and to protect natural resource services 
important to the overall quality of life and the health, safety, 
and welfare of their citizens. Finally, subdivision regulations and 
range ordinances and regulations can govern the actual place-
ment and design of what gets built. Although it is not the pur-
pose of this research to examine these strategies for protecting 

local resources, the sustainability of ecosystem resources will 
likely be driven in many areas by the ability and willingness 
of local governments to manage land use in such a way as to 
preserve watershed hydrologic functions and protect open 
space resources while also sustaining their economic develop-
ment interests.

Implementing the Eco-Logical approach to the fullest extent 
possible will require that the gap between local economic and 
land use interests be linked to regional, state, and national eco-
system restoration and protection goals and objectives and to 
communities’ natural resource base and the services they pro-
vide or can provide through restoration. Sustainable develop-
ment depends on this. The first, easiest, and now very timely 
step would be to provide data on conservation and restora-
tion needs and priorities to local governments for voluntary 
local action. By making it easy for local governments to take 
this information into account in their own planning, without 
needing specialized staff or waiting for input from few and 
overstretched natural resource agency staff, effective local deci-
sion making, comprehensive planning that includes natural 
resources, and local and more informed environmental advo-
cacy can proceed.

Long-Term and Short-Term Land Protection

Land protection ensures benefits are protected even if land-
ownership changes. Long-term agreements that run with 
the land, such as conservation easements, are always pref-
erable to short-term contracts; however, requiring per-
manent easements is a significant barrier to entry and is 
not recommended for temporary impacts. For permanent 
impacts (e.g., wetland removal and fill or species take), 
creditable projects need permanent conservation ease-
ments or the equivalent (deed restrictions, covenants, or 
agreements from public agencies). For temporary impacts 
(e.g., air or water pollution), creditable projects need a 
lease covering the credit ing period of the project, at mini-
mum. For example, if nutrient reductions are sold for  
5 years, there should be at least a 5-year lease with the land-
owner to protect those reductions.

Lack of Monitoring of Deed Restrictions  
on Private Property

The most serious disadvantage to deed restrictions on property 
not owned by a conservation agency or organization is the lack 
of a designated party to assume monitoring and enforcement 
responsibility. In some states, such as Michigan, the law limits 
who can enforce the restrictions and for how long they can do 
so. For example, if a landowner inserts restrictions in the deed 
and then sells or transfers the land without retaining land 
nearby, the restrictions may not be enforceable.
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Climate Change Uncertainty

Climate change uncertainty relates to the viability of—or in 
another view, the need for—a conservation investment by the 
time the transportation improvement actually occurs. Pressure 
will continue to increase on all species and habitats, making 
conservation today more important than ever. DOTs and 
resource agencies risk that species may still face sharp declines 
despite large investments in their recovery and expansion. One 
thing nearly all parties in the transportation and conservation 
planning process seem to agree on is the need for greater focus 
on the impacts climate change will have on the long-term func-
tionality of the conservation investment.

Organizational and  
process Gaps

Key organizational and process gaps are discussed.

Guidance on Implementing  
the Watershed Approach

The 2008 joint USACE and EPA Mitigation Rule stresses a 
watershed approach to making decisions about mitigation, 
but it leaves the specifics up to each of the 38 USACE Districts 
about how they will implement the watershed approach to 
establish mitigation site priorities. The 2008 rules promote 
using watershed plans as a basis for identifying priorities, but 
many areas of the country do not have watershed plans. Where 
plans have been completed, a range of approaches has been 
used to develop them (U.S. Environmental Protection Agency 
2008; Schueler and Kitchell 2005; Ohio Environmental Protec-
tion Agency 1997). Although some states have clearly defined 
restoration needs in the form of a “watershed capital improve-
ment plan,” others provide only very general restoration needs. 
Guidance on implementing a watershed approach and infor-
mation about reliable wetland locations and conservation and 
restoration priorities are greatly needed.

Guidance on Integrating Section 404 
Mitigation and Section 7 Projects

The Eco-Logical approach would be supported by guidance 
defining how to implement mitigation projects that, when 
possible, collectively meet Section 404 and Section 7 compen-
satory mitigation requirements. An example of this combined 
approach occurs in south Florida, where wetland mitigation 
banks have been authorized by USFWS to sell credits for 

impacts on Florida panther habitat (referred to as panther 
habitat units, or PHUs). Because wetlands also serve as pan-
ther habitat, each wetland credit at the bank also contains a 
specified number of PHUs. The number of PHUs tied to a 
wetland credit depends on a variety of factors, including the 
bank’s location and the quality of wetland habitat represented 
by the credit. The purchaser of a wetland credit is also pur-
chasing PHUs with the stipulation that the wetland credit and 
PHUs associated with that credit must be used to mitigate 
wetland and panther habitat impacts for the same project. 
It would be considered double-dipping if the wetland credit 
were used for one project and the PHUs associated with that 
credit were applied to mitigate panther impacts resulting from 
another project.

Criteria for Evaluating Conservation Efforts

USFWS considers any conservation efforts by state or local 
governments, tribal governments, federal agencies, businesses, 
organizations, or individuals that positively affect species’ sta-
tus in listing decisions. The Services criteria for listing are a 
good starting place for evaluating other conservation efforts, 
including the value of DOT contributions to conservation of 
species and ecosystems. According to USFWS, the certainty of 
implementation and effectiveness of a formalized conservation 
effort may also depend on criteria specific to each particular 
species, habitat, location, and action. Individual circumstances 
will also determine the amount of information necessary to 
satisfy these criteria. These factors are important for DOTs and 
their partners to consider in developing conservation banks or 
participating in proactive efforts to improve conditions for 
declining species in order to avoid future species listings.

Better Funding of Long-Term Environmental 
Maintenance and Monitoring

In locations where DOTs retain responsibility for long-term 
maintenance of environmental features, better estimation 
and funding are needed to allow these activities to be reliably 
carried out. Resource agencies can support this effort through 
more complete decision making in planning, in advance of 
programming, so that environmental needs can be budgeted 
as early as is practicable. Capital cost estimates for environ-
mental mitigation features generally do not extend past con-
struction to long-term monitoring or maintenance, beyond 
what may be specified in a permit and included in contracts. 
However, there are many reasons why good estimates are criti-
cal to sound project and program management.
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C h a p t e r  8

This project is intended to support the integration of trans-
portation and ecological planning. Although there is strong 
support for integrated transportation and ecological planning 
in theory, the research indicates that there is room for progress 
in implementation. Surveys and interviews of staff in trans-
portation and resource agencies indicate that the main incen-
tives for integrating transportation and ecological planning 
are related to efficient decision making, fiscal benefits, and 
improved outcomes for the natural environment:

•	 Efficient decision making: By investing time and money 
upfront, transportation plans can better avoid critical 
resources; costly re-do loops and delays in project devel-
opment can be eliminated or minimized; and advance 
mitigation on an ecosystem scale can be established.

•	 Fiscal benefits: Monetary savings are expected to result 
from both efficiencies in the decision-making process and 
the ability to purchase land for mitigation early, thereby 
avoiding rising land costs and the declining availability of 
high-quality conservation areas.

•	 Improved outcomes: Focusing on the ecosystem as a whole, 
rather than considering resources separately according to 
individual agencies’ jurisdictions, results in better identify-
ing and prioritizing of critical areas to conserve and pro-
tect. Making this information available and using it during 
transportation planning will result in better protection of 
critical natural resources.

Despite the widespread support for the integration of 
transportation and ecological planning, surveys and inter-
views identified a number of barriers or challenges to its 
implementation:

•	 Lack of resources, especially time and staff, and to a lesser 
extent, training and the need for champions;

•	 Lack of data, information, and tools necessary to imple-
ment ecosystem-based approaches;

•	 Lack of data and agreement around the most important 
resources, sensitive areas, or conservation opportunities;

•	 Lack of understanding of how to implement ecosystem 
approaches;

•	 Issues around coordination, communication, and col-
laboration;

•	 Differences in missions or scope of missions;
•	 Restrictions or assumed restrictions in regulations and 

guidance; and
•	 Lack of assurances that mitigation can be paid for today 

and count for impacts of future projects.

The need for assurances was identified as a major barrier. 
Transportation agencies need assurance that investments in 
mitigation in advance of project development will be counted 
when it is time to apply for a project permit. They also need 
assurance that they will have achieved compliance with regu-
lations, specifically CWA Section 404 and ESA Section 7, and 
that the conditions under which a decision would be reopened 
or revisited are minimized. Resource agencies need assurance 
that the requirements of the CWA and ESA will be met. In 
addition, they need assurance that priority resources are 
avoided and that mitigation will be carried out according to 
design and maintained in the long term.

This understanding of incentives and barriers provides 
direction for targeting support. Chapters 5 and 6 describe 
existing methods for providing assurances. Examples are pro-
grammatic agreements and commitment tracking systems 
and their application at ecosystem scales. This analysis 
showed that there are many methods available, and in some 
cases, already being used successfully, to provide assurances 
that support integrated transportation and ecological plan-
ning and advance mitigation.

The barriers and incentives identified, along with solu-
tions recommended through surveys and interviews, also 
led to the identification of essential features of any ecosystem 
approach and the development of the IEF. The IEF, which is 

Conclusions
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a key product of this effort, is a step-by-step process guiding 
the integration of transportation and ecological planning. 
It is available through Transportation for Communities—
Advancing Projects through Partnerships (TCAPP) at trans 
portationforcommunities.com. The IEF is also described in 
detail in volume 2 of this report and in the Practitioner’s Guide. 
The nine steps of the IEF are described in Figure 4.1.

Important steps remain to continue the integration of 
transportation and ecological planning. Two additional sig-
nificant barriers are lack of data on priority conservation 
areas and lack of resources to implement an ecosystem-based 
approach. Much progress is being made to address these 
needs in efforts subsequent to this research. For example, the 
SHRP 2 Capacity program is sponsoring several and pilot 
projects that will culminate in a web-based GIS tool that 
brings together national ecological data sets in a one-stop 
shop that can be accessed and used by transportation plan-
ners. The tool will be tested through multiple pilot applica-
tions. Both the tool and the examples of its application in 
practice will be made publicly available. In addition, SHRP 2, 

FHWA, and AASHTO are working together to provide trans-
portation and resource agencies with funding to support 
implementing the IEF.

Given the scientific complexity and uncertainty of eco-
system processes, the lack of well-organized and accessible 
data, and the single-resource approach to mitigation, the 
development of a true ecosystem-based regulatory frame-
work is challenging. Although a regulatory framework that 
provides some level of federal authority over ecosystems may 
be unlikely, that does not preclude resource and regulatory 
agencies and DOTs from using ecosystem science and theory 
to advance their individual regulatory missions and conser-
vation goals within the existing regulatory framework.

Despite the challenges of integrating these complex pro-
cesses, the increasing number of successful examples from 
practice, the development of supporting geospatial tools and 
implementation approaches, and institutional support through 
funding and leadership will foster the integration of trans-
portation and ecological planning as it becomes a common 
practice.

An Ecological Approach to Integrating Conservation and Highway Planning, Volume 1

Copyright National Academy of Sciences. All rights reserved.

http://www.transportationforcommunities.com
http://www.transportationforcommunities.com
http://www.nap.edu/22510


64

American Association of State Highway and Transportation Officials. 
Programmatic Agreement Library. Center for Environmental  
Excellence, AASHTO, Washington, D.C. http://environment 
.transportation.org/pal_database/. Accessed August 2013.

American Association of State Highway and Transportation Officials. 
Programmatic Agreement Tool Kit. Center for Environmental 
Excellence, AASHTO, Washington, D.C. http://environment 
.transportation.org/documents/programmatic_agreement_toolkit/. 
Accessed August 2013.

Association of Fish and Wildlife Agencies. State Wildlife Action Plans. 
http://www.wildlifeactionplan.org/state-wildlife-action-plans-
swaps. Accessed August 2013.

Austenfeld, F. Special Area Management Plan (SAMP) Upper Turkey 
Creek Watershed. http://www.watershedinstitute.biz/files/Turkey_
Creek_SAMP_INFORMATION_SHEET-_20072.pdf. Accessed 
August 2013.

Bonoff, M. B., Z. O. Toledo, W. A. Ryan, and R. G. Carson. Oregon 
Department of Transportation’s OITA III State Bridge Delivery Pro-
gram: 400 Bridges One Biological Opinion. 2005, p. 231. http://
www.icoet.net/ICOET_2005/proceedings/06IPCh6-227-244.pdf. 
Accessed August 2013.

Brown, J. W. Eco-Logical: An Ecosystem Approach to Developing Infra-
structure Projects. April 2006. http://www.environment.fhwa.dot 
.gov/ecological/eco_index.asp. Accessed August 2013.

Brown, S. C., and P. L. M. Veneman. Effectiveness of Compensatory 
Wetland Mitigation in Massachusetts, USA. Wetlands, Vol. 21, 2001, 
pp. 508–518.

Bryson, E. Watershed Resource Registry. U.S. Army Corps of Engineers, 
Washington, D.C., 2010. http://www.trb.org/StrategicHighway 
ResearchProgram2SHRP2/Public/Pages/Toward_a_Common_ 
Ecological_Framework—Part%201_459.aspx. Accessed August 2013.

Caltrans and Federal Highway Administration. Memorandum of 
Agreement: Early Mitigation Planning for Transportation Improve-
ments in California. November 12, 2003. http://www.fhwa.dot.gov/
cadiv/pre/moajoan.cfm. Accessed August 2013.

Colorado Department of Transportation, Federal Highway Adminis-
tration, U.S. Fish and Wildlife Service, Colorado Department of 
Natural Resources, and The Nature Conservancy. Memorandum 
of Agreement. 2001. http://environment.fhwa.dot.gov/strmlng/
comoa.asp. Accessed August 2013.

Council on Environmental Quality. Memorandum of Understanding to 
Foster the Ecosystem Approach. Washington, D.C., 1995. http://
www.fhwa.dot.gov/legsregs/directives/policy/memoofun.htm. 
Accessed August 2013.

Council on Environmental Quality. Appropriate Use of Mitigation and 
Monitoring and Clarifying the Appropriate Use of Mitigated Find-
ings of No Significant Impact. White House Council on Environ-
mental Quality Issues Mitigation and Monitoring Guidance Under 
NEPA. January 2011. ceq.hss.doe.gov/current_developments/docs/
Mitigation_and_Monitoring_Guidance_14Jan2011.

Ecosystem Marketplace. SpeciesBanking.com. http://www.speciesbanking 
.com/index.php. Accessed August 2013.

Environmental Banc and Exchange. The Carolina Heelsplitter Conser-
vation Bank. 2009. http://www.ebxusa.com/work/ebx-endangered-
species-habitat-conservation-banks/. Accessed October 1, 2013.

Environmental Law Institute. State Wetland Protection: Status, Trends 
and Model Approaches: A 50-State Study. Washington, D.C., 2008.

Environmental Law Institute. The Status and Character of In-Lieu Fee 
Mitigation in the United States. Washington, D.C., 2006.

Environmental Law Institute. Watershed Initiatives and Decision Support 
Tools. National Symposium on Compensatory Mitigation and the 
Watershed Approach, Washington, D.C., May 2004. http://www.eli.org/ 
pdf/wsSymposium/WatershedInitiatives.pdf. Accessed August 2013.

Federal Highway Administration. Case Studies: California Riverside 
County Integrated Project. http://environment.fhwa.dot.gov/integ/
case_riverside.asp. Accessed August 2013.

Federal Highway Administration. ESA-FHWA Webtool Brief Sheet. 
November 2009. http://www.environment.fhwa.dot.gov/esawebtool/ 
Documents/Corrected%20ESA-FHWA%20Webtool%20 
Two-Pager.pdf. Accessed August 2013.

Federal Highway Administration. Information: Federal-Aid Eligibility 
of Wetland and Natural Habitat Mitigation. Memorandum. U.S. 
Department of Transportation, March 10, 2005. http://www 
.environment.transportation.org/documents/mitigation_guidance 
.doc. Accessed August 2013.

Federal Highway Administration. U.S. Environmental Protection 
Agency, and U.S. Army Corps of Engineers. Federal Guidance on the 
Use of the TEA-21 Preference for Mitigation Banking to Fulfill Mitigation 
Requirements Under Section 404 of the Clean Water Act. 2003. http://
water.epa.gov/lawsregs/guidance/wetlands/upload/2003_07_11_ 
wetlands_TEA-21Guidance.pdf. Accessed August 2013.

Federal Highway Administration. Guidance Memorandum on Manage-
ment of the Endangered Species Act (ESA) Environmental Analysis and 
Consultation Process. 2002. http://environment. fhwa.dot.gov. Accessed 
April 2014.

Field, J. Central Coast Quake Rocks Breakwater. 192 San Diego Creek 
SAMP. U.S. Army Corps of Engineers, Los Angeles District, Calif., 
April 2004.

References

An Ecological Approach to Integrating Conservation and Highway Planning, Volume 1

Copyright National Academy of Sciences. All rights reserved.

http://www.wildlifeactionplan.org/state-wildlife-action-plans-swaps
http://www.watershedinstitute.biz/files/Turkey_Creek_SAMP_INFORMATION_SHEET-_20072.pdf
http://www.icoet.net/ICOET_2005/proceedings/06IPCh6-227-244.pdf
http://www.environment.fhwa.dot.gov/ecological/eco_index.asp
http://www.trb.org/StrategicHighwayResearchProgram2SHRP2/Public/Pages/Toward_a_Common_Ecological_Framework%E2%80%94Part%201_459.aspx
http://www.fhwa.dot.gov/cadiv/pre/moajoan.cfm
http://environment.fhwa.dot.gov/strmlng/comoa.asp
http://www.fhwa.dot.gov/legsregs/directives/policy/memoofun.htm
http://ceq.hss.doe.gov/current_developments/docs/Mitigation_and_Monitoring_Guidance_14Jan2011
http://www.SpeciesBanking.com
http://www.speciesbanking.com/index.php
http://www.ebxusa.com/work/ebx-endangered-species-habitat-conservation-banks/
http://www.eli.org/pdf/wsSymposium/WatershedInitiatives.pdf
http://environment.fhwa.dot.gov/integ/case_riverside.asp
http://www.environment.fhwa.dot.gov/esawebtool/Documents/Corrected%20ESA-FHWA%20Webtool%20Two-Pager.pdf
http://water.epa.gov/lawsregs/guidance/wetlands/upload/2003_07_11_wetlands_TEA-21Guidance.pdf
http://environment.fhwa.dot.gov
http://www.wildlifeactionplan.org/state-wildlife-action-plans-swaps
http://www.watershedinstitute.biz/files/Turkey_Creek_SAMP_INFORMATION_SHEET-_20072.pdf
http://www.icoet.net/ICOET_2005/proceedings/06IPCh6-227-244.pdf
http://www.environment.fhwa.dot.gov/ecological/eco_index.asp
http://www.trb.org/StrategicHighwayResearchProgram2SHRP2/Public/Pages/Toward_a_Common_Ecological_Framework%E2%80%94Part%201_459.aspx
http://www.trb.org/StrategicHighwayResearchProgram2SHRP2/Public/Pages/Toward_a_Common_Ecological_Framework%E2%80%94Part%201_459.aspx
http://www.fhwa.dot.gov/cadiv/pre/moajoan.cfm
http://environment.fhwa.dot.gov/strmlng/comoa.asp
http://www.fhwa.dot.gov/legsregs/directives/policy/memoofun.htm
http://ceq.hss.doe.gov/current_developments/docs/Mitigation_and_Monitoring_Guidance_14Jan2011
http://www.speciesbanking.com/index.php
http://www.ebxusa.com/work/ebx-endangered-species-habitat-conservation-banks/
http://www.eli.org/pdf/wsSymposium/WatershedInitiatives.pdf
http://environment.fhwa.dot.gov/integ/case_riverside.asp
http://www.environment.fhwa.dot.gov/esawebtool/Documents/Corrected%20ESA-FHWA%20Webtool%20Two-Pager.pdf
http://www.environment.fhwa.dot.gov/esawebtool/Documents/Corrected%20ESA-FHWA%20Webtool%20Two-Pager.pdf
http://www.environment.transportation.org/documents/mitigation_guidance.doc
http://www.environment.transportation.org/documents/mitigation_guidance.doc
http://www.environment.transportation.org/documents/mitigation_guidance.doc
http://water.epa.gov/lawsregs/guidance/wetlands/upload/2003_07_11_wetlands_TEA-21Guidance.pdf
http://water.epa.gov/lawsregs/guidance/wetlands/upload/2003_07_11_wetlands_TEA-21Guidance.pdf
http://environment.transportation.org/pal_database/
http://environment.transportation.org/pal_database/
http://environment.transportation.org/documents/programmatic_agreement_toolkit/
http://environment.transportation.org/documents/programmatic_agreement_toolkit/
http://www.nap.edu/22510


65

Gordon, E., O. Franco, and M. Tyrrell (eds.). Protecting Biodiversity:  
A Guide to Criteria Used by Global Conservation Organizations. Yale 
School of Forestry and Environmental Studies, Yale University, 
New Haven, Conn., 2005. http://environment.research.yale.edu/ 
documents/downloads/o-u/report_6_protecting_biodiversity.pdf. 
Accessed September 12, 2013.

Hadley, N., A. Hollis, L. Coen, and W. Anderson. Murrells Inlet Special 
Area Management Plan. October 2005. http://www.scdhec.gov/ 
environment/ocrm/docs/oysters_recycle.pdf. Accessed August 2013.

Harrelson, D. Questions and Answers About Recovery Credit Systems for 
Listed Species. Endangered Species Program, U.S. Fish and Wildlife 
Service, Washington, D.C., 2008. http://www.fws.gov/endangered/
landowners/presentation-script.html. Accessed September 12, 2013.

Haufler, J. B., R. K. Baydack, H. Campa III, B. J. Kernohan, C. Miller, L. J. 
O’Neil, and L. Waits. Performance Measures for Ecosystem Manage-
ment and Ecological Sustainability. The Wildlife Society, Bethesda, 
Md., 2002. http://wildlife.org/documents/technical-reviews/docs/
PerformanceMeasures02-1.pdf. Accessed August 2013.

Howie, S., S. Cox, and S. Schaftlein. The Integrated Ecological Frame-
work: A Step-by-Step Approach for Integrating Transportation and 
Conservation Planning for Improved Outcomes. TR News, No. 289, 
November–December 2013.

Illinois Department of Transportation. Illinois Wetland Mitigation Banks. 
http://www.dot.state.il.us/desenv/environmental/wetlandoption 
.html. Accessed August 2013.

Inghram, B. J. Species Conservation in Idaho: Going Beyond the ESA. 
Proc., 2005 International Conference on Ecology and Transportation 
(C. L. Irwin, P. Garrett, and K. P. McDermott, eds.), Center for 
Transportation and the Environment, North Carolina State Univer-
sity, Raleigh, 2005, p. 243.

Johnson, P., D. L. Mock, A. McMillan, L. Driscoll, and T. Hruby. Wash-
ington State Wetland Mitigation Evaluation Study, Phase 2: Evaluating 
Success. Publication No. 02-06-009. Shorelands and Environmental 
Assistance Program, Washington State Department of Ecology, 
Lacey, 2002.

Kihslinger, R. Success of Wetland Mitigation Projects. National  
Wetlands Newsletter, Vol. 30, No. 2, 2008, pp. 14–16.

Mack, J. J., and M. Micacchion. An Ecological Assessment of Ohio Mitigation 
Banks: Vegetation, Amphibians, Hydrology, and Soils. Ohio EPA Techni-
cal Report WET/2006-1. Wetland Ecology Group, Division of Surface 
Water, Ohio Environmental Protection Agency, Columbus, 2006.

Marsh Area Regional Coalition and Ohio Coastal Management Program. 
Mentor Marsh Area Special Area Management Plan (SAMP). June 
2004. http://www.dnr.state.oh.us/Portals/13/partners/mentorplan 
.pdf. Accessed August 2013.

Maryland Watershed Resources Registry. http://watershedresources 
registry.com/overview.html. Accessed August 2013.

Mehl, C., and J. Haufler. Summary of Conservation Planning Efforts in 
Forested Regions of the United States. Ecosystem Management 
Research Institute, National Council for Air and Stream Improve-
ment, Clemson, S.C., March 2008.

National Academy of Sciences. Compensating for Wetland Losses Under the 
Clean Water Act. National Academy Press, Washington, D.C., 2001.

National Marine Fisheries Service. Interim Endangered and Threatened 
Species Recovery Planning Guidance, Version 1.2. Original October 
2004; updated September 2007.

National Oceanic and Atmospheric Administration. A Nationwide Survey 
of Conservation Banks. Northwest Fisheries Science Center, NOAA 
Fisheries, Seattle, Wash., 2003.

North Carolina Department of Environment and Natural Resources. 
Ecosystem Enhancement Program. Raleigh. http://portal.ncdenr 
.org/web/eep. Accessed August 2013.

North Carolina Department of Environment and Natural Resources. 
Million Acre Initiative. Raleigh. http://www.conservation.nc.gov/
web/cpca/million-acre-initiative. Accessed April 2014.

North Carolina Wetlands Restoration Program. Guide to the North Caro-
lina Wetland Restoration Program’s Watershed Restoration Strategy. 
Raleigh, 2001. http://www.nceep.net/services/restplans/Planning 
%20Guide.pdf. Accessed August 2013.

Noss, R. F., E. T. LaRoe III, and J. M. Scott. Appendix C. In Endangered 
Ecosystems of the United States: A Preliminary Assessment of Loss and 
Degradations. U.S. Geological Survey, Reston, Va., 1995.

Ohio Environmental Protection Agency. Guide to Developing Local Water-
shed Plans. Division of Water, Ohio EPA, Columbus, 1997. http://www 
.epa.ohio.gov/portals/35/nps/wsguide.pdf. Accessed August 2013.

Ohio Environmental Protection Agency. Surface Water Enhancement, 
Restoration, and Protection (SWERP) Clearinghouse. Columbus. 
http://www.epa.state.oh.us/dsw/swerp/index.aspx. Accessed 
August 2013.

Oklahoma Conservation Commission. Wetlands Program. http://www 
.ok.gov/conservation/Agency_Divisions/Water_Quality_Division/
Wetlands_Program/Wetlands_Registry.html. Accessed August 2013.

Oregon Department of Transportation. Environmental Programmatic 
Permitting Benefit/Cost Analysis. OTIA III State Bridge Delivery Pro-
gram, Salem, October 2008. http://www.oregon.gov/ODOT/HWY/
OTIA/pages/otia3_introduction.aspx. Accessed September 12, 2013.

Oregon Department of Transportation, Federal Highway Administra-
tion, and U.S. Fish and Wildlife Service. Comprehensive Mitigation/ 
Conservation Strategy (CMCS). 2005. http://www.obdp.org/ 
partner/environmental/mitigation/. Accessed September 12, 2013.

Partnership for Cooperative Conservation. Memorandum of Under-
standing. January 2009. http://corpslakes.usace.army.mil/employees/
cecwon/pdfs/mou/09-CooperativeConservation.pdf. Accessed  
September 12, 2013.

Peck, A. J., M. Wine, C. Liller, R. Looney, and J. Harris. Use of Habitat Credit 
Trading As a Mitigation Tool for Transportation Projects: A Federal 
Highway Administration Pilot Project in Arkansas. Proc., International 
Conference on Ecology and Transportation, Duluth, Minn., 2009. http://
www.icoet.net/ICOET_2009/downloads/proceedings/ICOET2009-
Proceedings-Complete.pdf. Accessed September 12, 2013.

Pennsylvania Department of Conservation and Natural Resources.  
Rivers Conservation Program. http://www.dcnr.state.pa.us/brc/
conservation/rivers/riverresourceprogram/riversconservation/
index.htm. Accessed August 2013.

Reed, F. N., E. T. LaRoe III, and J. M. Scott. Appendix C. In Endangered 
Ecosystems of the United States: A Preliminary Assessment of Loss and 
Degradations, U.S. Geological Survey, Reston, VA, 1995 [Online] 
http://biology.usgs.gov/pubs/ecosys.htm.

Rhode Island Coastal Resources Management Council. Rhode Island’s 
Salt Pond Region: A Special Area Management Plan. Wakefield, 1999. 
http://www.crmc.state.ri.us/regulations/SAMP_SaltPond.pdf. 
Accessed August 2013.

Riverside County Integrated Project. http://www.rcip.org/Documents/
RCIP%20overview_REV.pdf. Accessed August 2013. http://environ 
ment.fhwa.dot.gov/integ/case_riverside.asp. Accessed September 28, 
2013.

San Diego Association of Governments. TransNet. http://www.sandag 
.org/index.asp?classid=30&fuseaction=home.classhome. Accessed 
August 2013.

Schueler, T., and A. Kitchell. Urban Subwatershed Restoration Manual No. 2: 
Methods to Develop Restoration Plans for Small Urban Watersheds. Ver-
sion 2.0. Center for Watershed Protection, Ellicott City, Md., 2005.

South Carolina Department of Health and Environmental Control. 
The Beaufort SAMP: A Special Area Management Plan to Protect 

An Ecological Approach to Integrating Conservation and Highway Planning, Volume 1

Copyright National Academy of Sciences. All rights reserved.

http://environment.research.yale.edu/documents/downloads/o-u/report_6_protecting_biodiversity.pdf
http://www.scdhec.gov/environment/ocrm/docs/oysters_recycle.pdf
http://www.fws.gov/endangered/landowners/presentation-script.html
http://wildlife.org/documents/technical-reviews/docs/PerformanceMeasures02-1.pdf
http://www.dot.state.il.us/desenv/environmental/wetlandoption.html
http://www.dnr.state.oh.us/Portals/13/partners/mentorplan.pdf
http://watershedresourcesregistry.com/overview.html
http://portal.ncdenr.org/web/eep
http://www.conservation.nc.gov/web/cpca/million-acre-initiative
http://www.nceep.net/services/restplans/Planning%20Guide.pdf
http://www.epa.state.oh.us/dsw/swerp/index.aspx
http://www.oregon.gov/ODOT/HWY/OTIA/pages/otia3_introduction.aspx
http://www.obdp.org/partner/environmental/mitigation/
http://corpslakes.usace.army.mil/employees/cecwon/pdfs/mou/09-CooperativeConservation.pdf
http://www.icoet.net/ICOET_2009/downloads/proceedings/ICOET2009-Proceedings-Complete.pdf
http://www.dcnr.state.pa.us/brc/conservation/rivers/riverresourceprogram/riversconservation/index.htm
http://biology.usgs.gov/pubs/ecosys.htm
http://www.crmc.state.ri.us/regulations/SAMP_SaltPond.pdf
http://www.rcip.org/Documents/RCIP%20overview_REV.pdf
http://environment.fhwa.dot.gov/integ/case_riverside.asp
http://www.sandag.org/index.asp?classid=30&fuseaction=home.classhome
http://environment.research.yale.edu/documents/downloads/o-u/report_6_protecting_biodiversity.pdf
http://www.scdhec.gov/environment/ocrm/docs/oysters_recycle.pdf
http://www.fws.gov/endangered/landowners/presentation-script.html
http://wildlife.org/documents/technical-reviews/docs/PerformanceMeasures02-1.pdf
http://www.dot.state.il.us/desenv/environmental/wetlandoption.html
http://www.dnr.state.oh.us/Portals/13/partners/mentorplan.pdf
http://watershedresourcesregistry.com/overview.html
http://portal.ncdenr.org/web/eep
http://www.conservation.nc.gov/web/cpca/million-acre-initiative
http://www.nceep.net/services/restplans/Planning%20Guide.pdf
http://www.epa.ohio.gov/portals/35/nps/wsguide.pdf
http://www.epa.ohio.gov/portals/35/nps/wsguide.pdf
http://www.ok.gov/conservation/Agency_Divisions/Water_Quality_Division/Wetlands_Program/Wetlands_Registry.html
http://www.ok.gov/conservation/Agency_Divisions/Water_Quality_Division/Wetlands_Program/Wetlands_Registry.html
http://www.ok.gov/conservation/Agency_Divisions/Water_Quality_Division/Wetlands_Program/Wetlands_Registry.html
http://www.oregon.gov/ODOT/HWY/OTIA/pages/otia3_introduction.aspx
http://www.obdp.org/partner/environmental/mitigation/
http://corpslakes.usace.army.mil/employees/cecwon/pdfs/mou/09-CooperativeConservation.pdf
http://www.icoet.net/ICOET_2009/downloads/proceedings/ICOET2009-Proceedings-Complete.pdf
http://www.icoet.net/ICOET_2009/downloads/proceedings/ICOET2009-Proceedings-Complete.pdf
http://www.dcnr.state.pa.us/brc/conservation/rivers/riverresourceprogram/riversconservation/index.htm
http://www.dcnr.state.pa.us/brc/conservation/rivers/riverresourceprogram/riversconservation/index.htm
http://www.rcip.org/Documents/RCIP%20overview_REV.pdf
http://environment.fhwa.dot.gov/integ/case_riverside.asp
http://www.sandag.org/index.asp?classid=30&fuseaction=home.classhome
http://www.nap.edu/22510


66

the Waterways of Beaufort County. Office of Ocean and Coastal 
Resource Management, Columbia, September 2000. http://www 
.scdhec.gov/environment/ocrm/docs/SAMP/BFTS/bsamp.pdf. 
Accessed October 1, 2013.

Southeast Wisconsin Regional Planning Commission. Advanced Iden-
tification of Wetland Disposal Areas. Waukesha. http://www.sewrpc 
.org/SEWRPC/NaturalResources/AdvancedIdentificationofWetland 
.htm. Accessed August 2013.

State of Delaware. Special Area Management Plan: A Plan for the Revi-
talization of South Wilmington. http://www.dnrec.delaware.gov/
coastal/Pages/WilmingtonSAMP.aspx. Accessed August 2013.

Stokstad, E. Heinz Center Wants Feds to Build Ecosystem Indicator 
Partnership. Science, Vol. 320, No. 5883, June 20, 2008, p. 1575.

The Conservation Registry. www.conservationregistry.org. Accessed 
August 2013.

U.S. Army Corps of Engineers. Kane County, Illinois Advanced Identifica-
tion of Wetlands. http://www.lrc.usace.army.mil/Missions/Regulatory/
Illinois/ADIDMaps/KaneCounty.aspx. Accessed August 2013.

U.S. Army Corps of Engineers. Regional General Permit SAJ-92, Florida 
Department of Transportation and Florida’s Turnpike Enterprise. 
August 2008. http://www.saj.usace.army.mil/Portals/44/docs/ 
regulatory/sourcebook/permitting/general_permits/RGP/ 
gen_SAJ-92_20080925.pdf. Accessed August 2013.

U.S. Army Corps of Engineers. Regulatory Program: Orange County 
Special Area Management Plan. http://www.spl.usace.army.mil/
Media/FactSheets/tabid/1321/Article/2925/regulatory-program 
.aspx. Accessed August 2013.

U.S. Army Corps of Engineers and U.S. Environmental Protection 
Agency. Compensatory Mitigation for Losses of Aquatic Resources; 
Final Rule. Federal Register, Vol. 73, No. 70, 2008, pp. 19594–19705.

U.S. Department of Agriculture. Wildland Urban Interface Fuel Treat-
ment Biological Assessment and Evaluation. USDA Forest Service, 
Southwestern Region, Albuquerque, N.Mex., 2001. http://www 
.fs.fed.us/r3/fam/wui/index.shtml. Accessed August 2013.

U.S. Environmental Protection Agency. Handbook for Developing 
Watershed Plans to Restore and Protect Our Waters. EPA 841-B-08-
002. Washington, D.C., 2008.

U.S. Environmental Protection Agency. Healthy Watersheds. http://water 
.epa.gov/polwaste/nps/watershed/index.cfm. Accessed August 2013.

U.S. Environmental Protection Agency and U.S. Army Corps of Engineers. 
Federal Guidance for the Establishment, Use and Operation of Mitiga-
tion Banks. Federal Register, Vol. 60, No. 228, 1995, pp. 58605–58614.

U.S. Fish and Wildlife Service. Evaluating the Net Benefit of Hazardous 
Fuels Treatment Projects. December 10, 2002. http://www.fws.gov/
endangered/esa-library/pdf/healthy_forest.pdf. Accessed August 2013.

U.S. Fish and Wildlife Service. Guidance for the Establishment, Use, and 
Operation of Conservation Banks. Federal Register, Vol. 68, No. 89, 
2003, p. 24753.

U.S. Fish and Wildlife Service. NiSource Habitat Conservation Plan. 
http://www.fws.gov/midwest/endangered/permits/hcp/nisource/
index.html. Accessed January 2011.

U.S. Fish and Wildlife Service. Working Interim Guidance for Program-
matic Section 7 Consultations. 2003. http://www.fws.gov/endangered/
esa-library/pdf/pages7-18.pdf. Accessed August 2013.

U.S. Fish and Wildlife Service and Federal Highway Administration. 
Department of Transportation Programmatic Consultation Guidance. 
2000. http://www.fws.gov/endangered/what-we-do/consultation- 
stories.html. Accessed August 2013.

U.S. Fish and Wildlife Service and National Marine Fisheries Service. 
Announcement of Final Policy for Candidate Conservation Agree-
ments with Assurances. Federal Register, Vol. 64, No. 116, 1999, 
pp. 32726–32736.

U.S. Fish and Wildlife Service and National Marine Fisheries Service. 
Endangered Species Consultation Handbook: Procedures for Conduct-
ing Consultation and Conference Activities Under Section 7 of the 
Endangered Species Act. March 1998.

U.S. Fish and Wildlife Service and National Oceanic and Atmospheric 
Administration. Interim Recovery Planning Guidance. October 2004.

U.S. Fish and Wildlife Services. Endangered Species USFWS, NiSource 
HCP. http://www.fws.gov/midwest/endangered/permits/hcp/
nisource/index.html. Accessed January 1, 2011.

U.S. Forest Service. Conservation and Land Management Environ-
mental Services Board Charter. December 2008. http://www.fs 
.fed.us/ecosystemservices/pdf/farmbill/ESB_Charter.pdf. Accessed 
September 12, 2013.

U.S. Government Accounting Office. Managing for Results: EPA Faces 
Challenges in Developing Results-Oriented Performance Goals and 
Measures. GAO/RCED-00-77. April 2000. http://www.gao.gov/
assets/240/230262.pdf. Accessed September 12, 2013.

Venner, M., M. DeWit, and C. Paulsen. Asset Management of Environ-
mental Mitigation Features. National Cooperative Highway Research 
Program, Washington, D.C., June 2009.

Venner, M., and C. Paulsen. Compendium of Best Practices for Incorpo-
rating Environmental Commitments into Transportation Construc-
tion and Maintenance Contract Documents. National Cooperative 
Highway Research Program, Washington, D.C., June 2009.

Waldner, D. Streamlining ESA and USACE Processes. Presentation. http://
www.cte.ncsu.edu/cte/EEConference/sessions/documents/21-3_
Waldner.pdf. Accessed August 2013.

Washington State Department of Transportation. I-405, Springbrook 
Creek Wetland and Habitat Mitigation Bank. June 2009. http://
www.wsdot.wa.gov/Projects/I405/Springbrook/default.htm. 
Accessed August 2013.

Washington State Department of Transportation. Statewide Assessment: 
Best Practices of Incorporating Environmental Commitments into Con-
tracts. Final report. WSDOT Headquarters Construction and Envi-
ronmental Services Offices, Olympia, May 27, 2008. http://www 
.wsdot.wa.gov/NR/rdonlyres/699DB756-0A34-4CE6-9409-
6EA82BB84B15/0/BestPractices.pdf. Accessed September 12, 2013.

Willamette Partnership. Discussion Draft: A Framework for Integrating 
Market Assurances. Counting on the Environment, Willamette Part-
nership, Portland, Ore., April 3, 2009. http://willamettepartnership 
.org/. Accessed August 2013.

An Ecological Approach to Integrating Conservation and Highway Planning, Volume 1

Copyright National Academy of Sciences. All rights reserved.

http://www.sewrpc.org/SEWRPC/NaturalResources/AdvancedIdentificationofWetland.htm
http://www.dnrec.delaware.gov/coastal/Pages/WilmingtonSAMP.aspx
http://www.conservationregistry.org
http://www.lrc.usace.army.mil/Missions/Regulatory/Illinois/ADIDMaps/KaneCounty.aspx
http://www.saj.usace.army.mil/Portals/44/docs/regulatory/sourcebook/permitting/general_permits/RGP/gen_SAJ-92_20080925.pdf
http://www.spl.usace.army.mil/Media/FactSheets/tabid/1321/Article/2925/regulatory-program.aspx
http://www.fws.gov/endangered/esa-library/pdf/healthy_forest.pdf
http://www.fws.gov/endangered/esa-library/pdf/healthy_forest.pdf
http://www.fws.gov/midwest/endangered/permits/hcp/nisource/index.html
http://www.fws.gov/endangered/esa-library/pdf/pages7-18.pdf
http://www.fws.gov/endangered/what-we-do/consultation-stories.html
http://www.fws.gov/midwest/endangered/permits/hcp/nisource/index.html
http://www.fs.fed.us/ecosystemservices/pdf/farmbill/ESB_Charter.pdf
http://www.gao.gov/assets/240/230262.pdf
http://www.cte.ncsu.edu/cte/EEConference/sessions/documents/21-3_Waldner.pdf
http://www.wsdot.wa.gov/Projects/I405/Springbrook/default.htm
http://www.scdhec.gov/environment/ocrm/docs/SAMP/BFTS/bsamp.pdf
http://www.scdhec.gov/environment/ocrm/docs/SAMP/BFTS/bsamp.pdf
http://www.sewrpc.org/SEWRPC/NaturalResources/AdvancedIdentificationofWetland.htm
http://www.sewrpc.org/SEWRPC/NaturalResources/AdvancedIdentificationofWetland.htm
http://www.fws.gov/endangered/esa-library/pdf/pages7-18.pdf
http://www.fws.gov/endangered/what-we-do/consultation-stories.html
http://www.dnrec.delaware.gov/coastal/Pages/WilmingtonSAMP.aspx
http://www.lrc.usace.army.mil/Missions/Regulatory/Illinois/ADIDMaps/KaneCounty.aspx
http://www.saj.usace.army.mil/Portals/44/docs/regulatory/sourcebook/permitting/general_permits/RGP/gen_SAJ-92_20080925.pdf
http://www.saj.usace.army.mil/Portals/44/docs/regulatory/sourcebook/permitting/general_permits/RGP/gen_SAJ-92_20080925.pdf
http://www.spl.usace.army.mil/Media/FactSheets/tabid/1321/Article/2925/regulatory-program.aspx
http://www.spl.usace.army.mil/Media/FactSheets/tabid/1321/Article/2925/regulatory-program.aspx
http://www.fs.fed.us/r3/fam/wui/index.shtml
http://www.fs.fed.us/r3/fam/wui/index.shtml
http://water.epa.gov/polwaste/nps/watershed/index.cfm
http://water.epa.gov/polwaste/nps/watershed/index.cfm
http://www.fws.gov/midwest/endangered/permits/hcp/nisource/index.html
http://www.fws.gov/midwest/endangered/permits/hcp/nisource/index.html
http://www.fs.fed.us/ecosystemservices/pdf/farmbill/ESB_Charter.pdf
http://www.gao.gov/assets/240/230262.pdf
http://www.cte.ncsu.edu/cte/EEConference/sessions/documents/21-3_Waldner.pdf
http://www.wsdot.wa.gov/Projects/I405/Springbrook/default.htm
http://www.wsdot.wa.gov/NR/rdonlyres/699DB756-0A34-4CE6-9409-6EA82BB84B15/0/BestPractices.pdf
http://www.wsdot.wa.gov/NR/rdonlyres/699DB756-0A34-4CE6-9409-6EA82BB84B15/0/BestPractices.pdf
http://www.wsdot.wa.gov/NR/rdonlyres/699DB756-0A34-4CE6-9409-6EA82BB84B15/0/BestPractices.pdf
http://willamettepartnership.org/
http://willamettepartnership.org/
http://www.cte.ncsu.edu/cte/EEConference/sessions/documents/21-3_Waldner.pdf
http://www.nap.edu/22510


TrB oversighT commiTTee for The sTraTegic highway research program 2*

Chair: Kirk T. Steudle, Director, Michigan Department of Transportation

MeMBers

H. Norman Abramson, Executive Vice President (retired), Southwest Research Institute
Alan C. Clark, MPO Director, Houston–Galveston Area Council
Frank L. Danchetz, Vice President, ARCADIS-US, Inc.
Malcolm Dougherty, Director, California Department of Transportation
Stanley Gee, Executive Deputy Commissioner, New York State Department of Transportation
Mary L. Klein, President and CEO, NatureServe
Michael P. Lewis, Director, Rhode Island Department of Transportation
John R. Njord, Executive Director (retired), Utah Department of Transportation
Charles F. Potts, Chief Executive Officer, Heritage Construction and Materials
Ananth K. Prasad, Secretary, Florida Department of Transportation
Gerald M. Ross, Chief Engineer (retired), Georgia Department of Transportation
George E. Schoener, Executive Director, I-95 Corridor Coalition
Kumares C. Sinha, Olson Distinguished Professor of Civil Engineering, Purdue University
Paul Trombino III, Director, Iowa Department of Transportation

ex OfficiO MeMBers

Victor M. Mendez, Administrator, Federal Highway Administration
David L. Strickland, Administrator, National Highway Transportation Safety Administration
Frederick “Bud” Wright, Executive Director, American Association of State Highway and Transportation Officials

LiaisOns

Ken Jacoby, Communications and Outreach Team Director, Office of Corporate Research, Technology, and Innovation Management, 
Federal Highway Administration

Tony Kane, Director, Engineering and Technical Services, American Association of State Highway and Transportation Officials
Jeffrey F. Paniati, Executive Director, Federal Highway Administration
John Pearson, Program Director, Council of Deputy Ministers Responsible for Transportation and Highway Safety, Canada
Michael F. Trentacoste, Associate Administrator, Research, Development, and Technology, Federal Highway Administration

* Membership as of March 2014.

capaciTy TechnicaL coordinaTing commiTTee*

Chair: Mark Van Port Fleet, Director, Bureau of Highway Development, Michigan Department of Transportation

MeMBers

Kome Ajise, Program Manager, Public-Private Partnership Program, California Department of Transportation (Caltrans)
Michael Bruff, Manager, Transportation Planning Branch, North Carolina Department of Transportation
Jacquelyn D. Grimshaw, Vice President for Policy, Center for Neighborhood Technology
Kris Hoellen, Director, Conservation Leadership Network, The Conservation Fund
Carolyn H. Ismart, Florida Department of Transportation (retired)
Randy Iwasaki, Executive Director, Contra Costa Transportation Authority
Thomas J. Kane, Thomas J. Kane Consulting
Keith L. Killough, Assistant Director, Travel Demand Modeling and Analysis, Multimodal Planning Division, Arizona Department of Transportation
T. Keith Lawton, Principal, Keith Lawton Consulting, Inc.
Debra Nelson, Strategic Policy Advisor, New York State Department of Transportation
Bob Romig, State Transportation Development Administrator, Florida Department of Transportation
Joseph L. Schofer, Professor of Civil Engineering and Environmental Engineering and Associate Dean, McCormick School of Engineering and 

Applied Science, Northwestern University
Barry Seymour, Executive Director, Delaware Valley Regional Planning Commission
Brian J. Smith, Washington State Department of Transportation
John V. Thomas, Office of Policy, Economics, and Innovation, Environmental Protection Agency
Gary Toth, Director, Project for Public Spaces
Jeff Welch, Director, Knoxville Regional Transportation Planning Organization
Doug Woodall, State Director, Turnpike Planning and Development, Texas Turnpike Authority Division, Texas Department of Transportation

aasHTO LiaisOns

Janet P. Oakley, Director, Policy and Government Relations, American Association of State Highway and Transportation Officials
Matthew Hardy, Program Director, Planning and Policy, American Association of State Highway and Transportation Officials

fHWa LiaisOns

James Cheatham, Director, Office of Planning, Office of Planning HEPP-1, Federal Highway Administration
Gary A. Jensen, Team Leader, Byways, TCSP & Delta Programs, Office of Human Environment HEPH-30, Federal Highway Administration
Spencer Stevens, Community Planner, Office of Planning Oversight and Stewardship, Federal Highway Administration

*Membership as of February 2013.

An Ecological Approach to Integrating Conservation and Highway Planning, Volume 1

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22510


Integration of National-Level Geospatial Ecological Tools and Data (C40A)
Application of Geospatial Ecological Tools and Data in the Planning  

and Programming Phases of Delivering New Highway Capacity:  
Proof of Concept—California US-101 (C40B1)

Application of Geospatial Ecological Tools and Data in the Planning  
and Programming Phases of Delivering New Highway Capacity:  
Proof of Concept—East-West Gateway Council of Governments  
(C40B2)

Application of Geospatial Ecological Tools and Data in the Planning  
and Programming Phases of Delivering New Highway Capacity:  
Proof of Concept—Contra Costa County Transportation Authority  
(C40B3)

TCAPP and Integrated Ecological Framework Pilot Projects: Synthesis  
of Lessons Learned (C41)

An Ecological Approach to Integrating Conservation and Highway Planning, Volume 1

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22510

	Front Matter
	Executive Summary
	Chapter 1 - Background
	Chapter 2 - Research Approach
	Chapter 3 - Incentives, Barriers, and Assurance Needs
	Chapter 4 - Solutions
	Chapter 5 - Inventory of Assurance Methods
	Chapter 6 - Using Assurance and Commitment Tracking Methods at an Ecosystem Scale
	Chapter 7 - Gaps and Opportunities
	Chapter 8 - Conclusions
	References
	Capacity Technical Coordinating Committee
	Related SHRP 2 Research

