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Incorporating the Watershed Approach 
for Wetland Compensatory Mitigation
The U.S. Army Corps of Engineers and the U.S. Environmental Protection Agency are undertaking 
collaborative projects to implement the watershed approach required under the 2008 Mitigation Rule. 
Each project is developing new tools to better inventory aquatic resources across the landscape that can help 
managers and regulators prioritize areas and resources for protection, restoration, and conservation. The 
following summaries highlight the key components of four specific projects and how wetland compensatory 
mitigation fits into the broader effort to improve watershed health.

The Colorado Front Range Wetland and Watersheds 
Mitigation Project is a collaborative effort to dem-
onstrate use of the watershed approach to compensa-
tory wetland mitigation. Through this collaboration, 

the project team will demonstrate how to use the approach to 
guide the type, placement, and amount of compensatory mitiga-
tion needed to offset federally authorized wetland impacts. The 
team is comprised of staff from the Omaha District of the U.S. 
Army Corps of Engineers, the U.S. Environmental Protection 
Agency’s Region 8 Office in Denver, the Colorado Department 
of Transportation, the Colorado Natural Heritage Program, and 
Colorado State University. Following promulgation of the 2008 
Federal Compensatory Mitigation Rule, the team saw the need 
to develop a standardized way of applying the rule to Clean Wa-
ter Act §404 permit actions.

The project is organized around the production of five 
training notes. The notes will be shared with the regulated 
community, including consultants. The notes will consist of 
checklists and questions and answers that address the five 
main types of environmental decisions made about compen-
satory mitigation:

(1) Screening potential compensatory mitigation areas;
(2) Establishing mitigation requirements based on 
impact site;
(3) Evaluating the ecological suitability of potential 
compensatory mitigation sites;
(4) Crediting and debiting mitigation activities; and
(5) Setting performance standards for mitigation com-
pliance and evaluation.

Embedded within each of the training notes is an assessment 
framework that represents the watershed approach. For the purposes 
of this project, “watershed approach” means an analytical process that 
considers the abundance, locations, and conditions of types of aquatic 
resources in a watershed, and how those attributes support landscape 
function and attainment of watershed goals. The framework is used 
to balance the specific goal of locating mitigation projects for optimal 
environmental benefit and the practicality of having sufficient oppor-
tunity to achieve that goal. Opportunity is often controlled by property 
ownership, property values, and, in Colorado, available water rights. 

The project’s assessment framework consists of three compo-
nents. The first component is a set of environmental factors consid-
ered when making a specific type of mitigation decision. These fac-
tors consider how water and wildlife move through the landscape. 
They also include a description of how human-caused disturbance in 
the landscape, and at individual sites, affects the condition and func-
tioning of wetlands. Based on that understanding, simple conceptual 
models are developed with indicators to guide wetland impact assess-
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Figure 1: Examples of wetland landscape profiles developed for 
landscapes within the Blue River Watershed of Colorado. The fig-
ure shows the percentage of wetland acreage for each wetland 
class within the three landscape types present in the county. The 
graphs contrast profiles developed from minimally impacted ref-
erence landscape units, with those compiled from more developed 
ones. Focusing mitigation on disproportionately impacted wetland 
types shown by the profiles can serve as one type of watershed-
based mitigation goal.

ment and to identify mitigation options. For example, the screening 
of potential mitigation areas uses landscape indicators, such as the 
occurrence of existing wetland types and hydric soils, proximity to a 
water source, and connectivity to protected natural areas. Site-specific 
indicators complement the landscape indicators by providing more 
precise information about soils, vegetation, hydrology, and human 
disturbance. When combined, the indicators help practitioners pri-
oritize specific sites that can support wetland functions.  Those sites 
can be identified in watershed plans.  The indicators also help priori-
tize the type of wetland mitigation best suited to a place identified by 
convenience of opportunity and ownership. 

The second component involves the development of wetland 
landscape profiles. The theory behind using wetland profiles as an as-
sessment method is that the abundance, distribution, and condition 
of types of wetlands in the landscape affect the delivery of ecosystem 
services. Profiles are a tabular accounting of those three factors using 
mapped information (Figure 1). The services include the provisioning 
of habitat, flood control, water quality, and water quantity.  In practice, 
profiles serve as a coarse point of reference to help characterize water-
shed needs and goals. Those needs and goals are expressed in terms of 
sustaining or improving an area’s wetland landscape profile. In turn, 
permitted wetland loss can be compensated with mitigation decisions 
that select the right type of mitigation for the right place, and that re-
flect a desired wetland landscape profile. 
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Figure: Examples of wetland landscape profiles developed for 
landscapes within the Blue River watershed of Colorado. Fig-
ure shows the percentage of wetland acreage for each wetland 
class within the three landscape types present in the county.  
Graphs contrast profiles developed from minimally-impacted, 
reference landscape units, with those compiled from more de-
veloped ones.  Focusing mitigation on disproportionately im-
pacted wetland types shown by profiles can serve as one type 
of watershed-based mitigation goal. 

Six County Area  
Regional Initiative
By Michael G. Nepstad

Over the last 20 years, the California counties of 
El Dorado, Placer, Sacramento, Sutter, Yolo, and 
Yuba have experienced significant growth. Col-
lectively, these counties are referred to as the Six 

County Area and account for one-third of the entire regulatory 
workload of the Sacramento District of the U.S. Army Corps of 
Engineers (the Corps). Generally, the trend for land develop-
ment has been moving away from traditional urban areas into 
rural/natural environments. In response to current and pro-
jected growth, a number of regional planning initiatives have 
been instituted, including Habitat Conservation Plans (HCPs) 
under §10 of the Endangered Species Act. While these initia-
tives examine important growth considerations, no single effort 
involves a comprehensive evaluation of the quality and quantity 
of aquatic resources in the Six County Area. 

Without the benefit of a regional assessment of aquatic 
resources, the Sacramento District must rely on case-by-case 
evaluations to make permit decisions. Depending on a project’s 
complexity, these evaluations may take significant time and ef-
fort, especially in assessing indirect and cumulative effects and 
determining appropriate compensatory mitigation for impacts to 
aquatic resources. The lack of a regional assessment has also lim-
ited the ability of the Corps and other agencies to fully implement 
a watershed approach to compensatory mitigation, which is the 
goal of the 2008 Compensatory Mitigation Rule. 

The purpose of the proposed work is to inventory aquatic 
resources found in the Six County Area, including ponds, lakes, 
streams, wetlands, and other bodies of water. The study will iden-
tify, characterize, and classify aquatic resources through a combi-
nation of watershed assessment, remote sensing, spatial analysis, 
and field work, similar to that required for a Special Area Man-

Michael G. Nepstad is deputy chief of the regulatory division for the 
U.S. Army Corps of Engineers, Sacramento District.

Finally, the third component of the assessment framework in-
volves the use of two other wetland assessment methods. The first is 
the Functional Assessment of Colorado Wetlands (FACWet) Method. 
FACWet relies on site-specific indicators for the rapid scoring of stress-
ors that affect the form and structure of wetlands.  The primary as-
sumption of FACWet is that a wetland is generally functioning at rates 
typical of its type and landscape position if it has not been subjected 
to human-caused disturbance. The other method is NatureServe’s Eco-
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agement Plan. To the extent possible, the study will incorporate 
existing data sets and be sensitive to and consistent with ongoing 
initiatives in the Six County Area, including HCPs and large-
scale mitigation strategies, as well as regional planning efforts, 
like the Sacramento Area Council of Governments’ (SACOGs’) 
Blueprint, Rural-Urban Connections Strategy, and regional trans-
portation plans. 

The objective of this study is to develop a consistent cat-
egorization and geospatial characterization of aquatic resources 
within the Six County Area to aid local, state, and federal agen-
cies in making better-informed and efficient decisions regarding 
proposed development and other activities that affect aquatic 
resources. A watershed-level delineation does not replace the 
need for a jurisdictional delineation from the Corps permitting 
program or the California Department of Fish and Game §1600 
requirements. A key tool in this decisionmaking process is the 
ability to not only locate these aquatic resources, but also to clas-
sify each resource occurrence.

Once completed, the aquatic resources inventory will 
be used to develop a permitting strategy that encourages less 
damaging development activities though the use of general 
permits and/or letters of permission. In addition, the Corps, 
the U.S. Environmental Protection Agency, and the U.S. Fish 
and Wildlife Service will be able to use the inventory to help 
assist in the evaluation of cumulative impacts and determine 
appropriate compensatory mitigation within a regional and 
watershed context. State and local agencies, including cities 
and counties with responsibilities under the California Envi-
ronmental Quality Act, may also opt to incorporate the inven-
tory into general and specific plans. The inventory is intended 
to enhance accuracy, consistency, and predictability in plan-
ning and regulatory practices. 

The aquatic resources inventory will be designed to be ex-
portable to other areas of the country.  Ideally, the work done by 
the Corps will showcase how a regional inventory of aquatic re-
sources can contribute to overall better land use decisions through 
measurable regulatory incentives for less environmentally damag-
ing projects, allowing for substantive conservation strategies to be 
economically feasible. 

The aquatic resources inventory will be completed in December 
2010.  The final product will be a set of geographic information system 
data layers with associated information. 

The Watershed  
Resources Registry
By Ellen Bryson

Ellen Bryson is a geographer with the U.S. Army Corps of Engineers, 
Baltimore District.

logical Integrity Assessment (EIA) system. The EIA includes a set of 
quantitative field indicators developed for use in mitigation perfor-
mance evaluation.

When completed, the project’s training notes will explain how 
information produced by wetland landscape profiles, FACWet, and 
the EIA can be combined to make mitigation decisions. Those deci-
sions by practitioners and agency staffs can be made in ways that reflect 
a systematic use of the watershed approach.  

The Baltimore District of the U.S. Army Corps of 
Engineers and U.S. Environmental Protection 
Agency (EPA) Region 3 recently completed the 
Watershed Resources Registry (WRR) pilot project 

in southern Maryland.1 The WRR is currently being expanded 
to cover the entire state. Using a geographic information sys-
tem (GIS), the WRR mapped areas that would be suitable for 
eight beneficial ecological activities: preserving, enhancing, or 
restoring wetlands; preserving or restoring riparian zones; pre-
serving or restoring upland areas; and improving stormwater 
management. The WRR scored all areas on a scale of one to 
10, so that the user can find the best areas in a watershed for 
any of the eight ecological activities.

The WRR’s objectives are to advance more consistent ap-
proaches to evaluating aquatic resources; to promote better-in-
formed decisions by agencies at all levels of government; and 
to help address requirements of the 2008 Mitigation Rule. 
The team wished to have a tool that would indicate both what 
ecological activities would be good for a given watershed, and 
where, in that watershed, would be the best areas for under-
taking those activities. The WRR is intended primarily to help 
locate mitigation sites, but might also be referenced during the 
permit process as background information. The planning team 
was especially interested in avoiding a case-by-case approach to 
locating mitigation opportunities.

The WRR relied heavily, but not exclusively, on spatial 
data sets that are available for almost all areas of the United 
States. They included the National Wetlands Inventory (NWI), 
produced by the U.S. Fish and Wildlife Service, the soils data 
sets available from the Natural Resources Conservation Service, 
the U.S. Geological Survey’s National Hydrography Dataset, 
EPA’s Clean Water Act §319 Nonpoint Source Program (im-
paired streams), and others. 

In addition to these nationally available data sets, the WRR 
incorporated many state and local data sets. Maryland’s Depart-
ment of the Environment, Department of Natural Resources, De-
partment of Planning, and State Highway Administration all par-
ticipated in the design of the WRR and contributed spatial data, 
as did other federal and local agencies.  Maryland has years of 
experience in promoting resource preservation and smart growth. 
A happy consequence of their efforts is a plethora of valuable, 
often very detailed, spatial data sets. The WRR project benefited 
from their inclusion.
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Development of a GIS-Based Spatial Decision Support System to 
Target Potential Compensatory Mitigation Sites in Minnesota
By Timothy J. Smith and Kelly A. Burks-Copes

In June 2009, the U.S. Army Corps of Engineers, St. Paul 
District (the Corps) initiated the Sunrise River Water-
shed Based Mitigation Pilot Study for the express pur-
pose of making compensatory mitigation decisions more 

responsive to the needs of the watershed’s stakeholders. The 
goal was to devise a watershed-based approach to compensa-
tory mitigation that transparently incorporated spatially ex-
plicit information into the Corps’ long-term regulatory and 
planning activities using a participatory geographic informa-
tion systems (GIS) approach.  The objective was to develop 
a GIS-based tool to assist regulators and stakeholders in the 
identification, prioritization, and, ultimately, the selection of 
compensatory mitigation sites in a proactive, holistic manner.

Timothy J. Smith is the enforcement and compliance coordinator for 
the U.S. Army Corps of Engineers, St. Paul District. Kelly A. Burks-
Copes is an ecologist with the U.S. Army Corps of Engineers’ Engineer 
Research and Development Center in Vicksburg, Mississippi.

Early on, the Corps turned to their own U.S. Army 
Engineer and Research Development Center (ERDC) to 
facilitate the development of an interactive Spatial Deci-
sion Support System (SDSS) to meet these challenges. In 
response, the ERDC developed an SDSS that relied on 
sieve-mapping and employed expert elicitation to identify 
spatially explicit siting criteria within a Multi-Criteria De-
cision Analysis (MCDA) framework to screen for poten-
tial compensatory mitigation targets across the watershed. 
At its core, the SDSS was designed to combine the Corps’ 
current understanding of the watershed’s condition, i.e., 
vulnerability and compensatory mitigation potential, with 
the priorities, perspectives, and professional opinions of the 
local, state, and federal agency personnel that manage/regu-
late the resources in the watershed. When input could be 
given under controlled settings, through anonymous online 
polling (Figure 1), participants completed their responses 
in under two weeks with as little bias as possible, thereby 

Some of Maryland’s data sets provided higher quality, more 
detailed data. For example, the WRR combined the NWI wet-
lands and a state wetland dataset. The state’s wetlands dataset cap-
tured more wetlands than did the NWI, which is known to miss 
smaller wetlands.

The state of Maryland restricts development within about 
1,000 feet of the Chesapeake Bay shoreline. However, adjust-
ments have been made to the zone boundary where urban areas 
fall within that zone; restrictions on development are eased to re-
flect the existing land use. Areas that are close to a shoreline, but 
are urbanized, probably would not be appropriate for the ecologi-
cal opportunities the WRR meant to find. Creating an equivalent 
data set specifically for the WRR would not have been feasible.

Lastly, the use of Maryland’s data sets achieved the benefit 
of reinforcing state and local planning initiatives. Maryland’s 
new Chesapeake and Atlantic Coastal Bays Trust Fund initia-
tive categorizes all watersheds in the state as high-, medium-, or 
low-priority for restoration based on their potential for improv-
ing Chesapeake Bay water quality. High-priority watersheds were 
selected using the U.S. Geological Survey’s SPARROW model. 
SPARROW is a regression-based model for regional interpreta-
tion of water quality monitoring data. SPARROW discriminates 
which watersheds are likely to contribute the highest nutrient and 

sediment loads to the Chesapeake Bay. Watersheds designated as 
high priority are given targeting preference for the state’s $50 mil-
lion/year restoration funds.  Maryland intends to spend limited 
public dollars where those dollars will make the greatest impact. 
Areas within high- and medium-priority were given extra points 
in the WRR model. In so doing, the WRR benefited from the 
research done by another agency, and reinforced Maryland’s re-
source protection efforts.

All told, the WRR used probably seven or eight layers from 
the Maryland state offices. As suggested above, the inclusion of 
these data sets both improved the quality of the WRR, by pro-
viding better quality information, and the value of the WRR, by 
complementing and reinforcing state planning efforts.

The Baltimore District intends to incorporate the WRR into 
mitigation planning as soon as the statewide WRR is completed. 
After that time, the district will consider whether a similar project 
might make sense for the Pennsylvania side. 

Endnote

1. For a more detailed overview of the WRR, see Ellen Bryson et al., Achieving 
Ecosystem Health Using a Watershed Approach, 32 Nat’l Wetlands Newsl. 8 
(May-June 2010).
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Figure 1: Stakeholder input was obtained throughout the process via a 
series of public meetings and web-based surveys. The survey was used 
specifically to independently obtain information from each stakeholder 
regarding their respective views on where mitigation projects should be 
located in the watershed and how specific sites should be identified.

avoiding concerns of group think and problems with sub-
ject anchoring. 

The Corps collected data from multiple sources and uti-
lized the SDSS individual layers of geospatial data to repre-
sent the watershed’s condition. Sieve-mapping allowed the 
participants to relatively value the contributions of each site 
(water quality polishing, buffering, connectivity, biodiversity, 
land costs, etc.) and combine these in a meaningful manner to 
quantify objective attainment. In this case, the objective was to 
locate and prioritize sites that were suitable for compensatory 
mitigation activities. Each constraint or opportunity, i.e., cri-
teria, was mapped as a rasterized sieve, and the area of concern 
was passed through the sieves in a definitive sequence to reveal 
areas suitable for the intended use (Figure 2).

The sieve-mapping approach offered the participants 
the opportunity to assign ratings and weightings of impor-
tance to the criteria in combination, and to conduct thor-
ough “what if ” scenario analyses in an iterative fashion. Ex-
amples of specific spatial layers in the SDSS include current 
and historical extent of wetlands, water quality, extent of 
impervious surfaces, tributary hydrologic impairment, and 
areas of high/significant biodiversity. Ten criteria have been 
settled upon, including: 

1. Hydrologic Connectivity to Tributaries
2. Land Costs
3. Potential to Reconnect Riparian Buffers
4. Potential Beneficial Effects on Fisheries 
5. Threats From Urban Growth
6. Adjacency to Public Lands
7. Opportunities to Improve or Protect Areas of 
 Significant Biodiversity
8. Distance From Roads and Population Centers 
9. Locations Within the Floodplain of a Tributary
10. Opportunities to Improve Water Quality Impairments

The application of the SDSS is 
an ongoing activity. The initial re-
sults of the analyses were shared with 
the stakeholders in the fall of 2010, 
and the pilot study is scheduled to be 
completed in December 2010. Yet, 
even now, the Corps can state un-
equivocally that this adaptive-deci-
sion support tool has saved time and 
money. The inherent flexibility of the 
approach provides a transparent de-
cisionmaking forum for stakeholders 
and the Corps to undertake water-
shed-level planning, thereby reducing 
conflict and controversy throughout 
the decisionmaking process. 

Figure 2: Sieve-mapping is a multi-step process that involves the selection, 
derivation, and reclassification of expert-derived suitability criteria, which 
when overlaid in a GIS environment sieves the conditions and determine 
plausible solutions given opportunities and constraints
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Sunrise River Mitigation Site Selection Survey

4. Mitigation Site Selection Criteria (45 Questions)

These questions will be used to identify potential mitigation sites in the watershed:

*1. Rank the Mitigation Site Selection Criteria on a scale of 1 to 10 where:

1 = Most important
10 = Least important

1 2 3 4 5 6 7 8 9 10

Have hydroligc connection 
to a tributary (Criterion #1)

Have low land costs  
(Criterion #2)

Have the potential to 
reconnect riparian buffers 
(Criterion #3)

Have potential beneficial 
effects on fisheries  
(Criterion #4)

Are threatened by urban 
growth (Criterion #5)

Are adjacent to public 
lands (Criteria #6)

Improve or protect areas 
of significant biodiversity 
(Criterion #7)

Are located in areas that 
minimize adverse effects 
fromroads and population 
centers (Criterion #8)

Are located within the 
floodplain of a tributory 
(Criterion #9)

Improve water quality  
impairments (Criterion #10)

*2. When looking for potential mitigation sites within the Sunrise River Watershed, which is 
more important?

Targeting areas that have or could provide:

  Hydrologic connectivity to a tributary (Criterion 1) or

  Low land costs (Criterion 2)?
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