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Abstract
Wetlands are an incredibly fragile ecosystem type that are deteriorating faster than
any other ecosystem globally (Millennium Ecosystem Assessment (Program) 2005).
Yet wetlands provide services that otherwise would cost humans an estimated $4.8
trillion such as stormwater management and water filtration (van Rees and Reed
2015). Recognizing threats and a need for further protection, in 2008 the U.S.
Environmental

Protection Agency

(EPA)

and

Army

Corps

of

Engineers

promulgated regulations to clarify compensatory mitigation requirements of Section
404 of the Clean Water Act, which led to the establishment of an In-Lieu Fee Program
nationally. With this mechanism in place in Massachusetts to help off-set wetland
impacts, decision makers must now determine where to allocate funds received from
projects impacting wetland resource areas. The purpose of this thesis is to provide a
flexible, data-driven GIS tool that the Massachusetts Division of Fish and Wildlife
(DFW) can utilize to help prioritize wetland areas for land acquisition.

The first section of this document provides a review o f

factors that affect

wetland characteristics, persisting threats to wetlands, and the regulatory mechanisms
designed for their protection. Next follows a description of the stakeholder engagement
used to identify pertinent datasets within Massachusetts to help optimize wetlands
preservation site selection. The final sections of this document describe the
construction and testing of a GIS-based model that stakeholders can use to prioritize
parcels for land protection under the Massachusetts ILF, or explore critical linkages
between

protected

lands. Continued

collaboration,

strategic

planning,

and

stakeholder engagement complement and perpetuate a framework for sustainable
wetlands mitigation projects.
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Introduction
Over the last decade, mitigation of wetlands loss through preservation or active
restoration has gained significant traction as the regulatory framework supporting
these actions continues to evolve. Wetlands are vital ecosystems and are under
threat. Strategic planning to protect and restore impacted wetlands is critical, and
experts call for interdisciplinary action to integrate environmental, economic, and
political systems (Pearson et al. 2015; van Rees and Reed 2015; Dallimer and
Strange 2015; Sheild, Gopalakrishnan, and Chan-Halbrendt 2009; Ridgley and
Lumpkin 2000). In Massachusetts, several mechanisms regulate and protect
wetlands, but a gap exists in how we prioritize wetlands that are preserved or
restored. The purpose of this thesis is to use existing maps of wetlands and
complementary datasets within Massachusetts to assist decision making about
how the Massachusetts Division of Fish and Wildlife distributes wetland mitigation
funds for land acquisition and permanent protection. To do this, I configured a
GIS-based tool that aggregates unique variables including ecological integrity,
location in the watershed, and adjacency to protected land to optimize site
selection for efforts where the goal is to preserve the highest quality wetlands.
This GIS-based approach provides a flexible, data-driven framework with the
ability to tailor analysis and provides more in-depth understanding of each sitespecific characteristic that informs the model. It provides insights, not only about
the ecosystem services of each mapped wetland in Massachusetts, but also where
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it incorporates land ownership at the parcel level to focus mitigation preservation
and restoration funds outside of protected land.

First, I briefly review wetlands, ecosystem services, and the conditions or
components necessary for their continued health. Second, I describe the
regulatory framework for wetlands mitigation, specifically the In-Lieu Fee program
for which this tool was developed. Then, I review existing mapping approaches
and data layers relevant to wetlands within Massachusetts. This literature review
serves to provide a basis for understanding the variables that are included in the
analysis and the GIS models that were developed for my thesis.
Wetlands overview
Wetlands are an incredibly diverse ecosystem span many types of geographies
from coastal marshes to lacustrine wetlands and along riverbanks, as they are the
transitional lands between terrestrial and aquatic systems (Figure 1). Although the
definition varies, there are three main classifiers of wetlands: 1) the hydrology, 2)
the vegetation, and 3) the soils (Cowardin et al. 1979; US EPA 2016). In wetlands
ecosystems, the groundwater table is “usually at or near the surface or the land is
covered by shallow water” (Fish and Wildlife Service Subcommittee 2013). This
land then supports specific vegetation, predominantly hydrophytes, that are
adapted to hydric soils (US EPA 2016). These ecosystems may be known generally
as bogs, marshes, or swamps, but they are among the dozens of different types of
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wetlands (Fish and Wildlife Service Subcommittee 2013; Cowardin et al. 1979). 1
Last, “unlike streams and lakes, wetlands are not only found in the depressions of
the landscape, but are also present on slopes (fens), or even on drainage divides”
(Winter 1998). However, wetlands most commonly exist in flat expanses.

Figure 1 Wetland Classes
Tiner and Burke, 1995

1

The Cowardin et al. guide of 1979 remains the most comprehensive review of wetlands systems
and classes (Appendix 1).
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Wetland Ecosystem Services
Rather than focusing on the internal relationships within wetlands, this paper
characterizes wetlands of in terms of the services they provide and the role they
place in the broader ecosystem. An instrumental document, the Millennium
Ecosystem Assessment (MEA) of 2005 provides the most comprehensive analysis
of wetland ecosystem services, or “the benefits people obtain from ecosystems”
(Millennium Ecosystem Assessment (Program) 2005). Many of these benefits
derive from the role of wetlands as a transitional spaces between other
ecosystems. Wetlands are key habitats for a wealth of different species; they
regulate stream flows and flooding, and transport sediments and nutrients (Deal,
Cochran, and LaRocco 2012; Pearson et al. 2015; Millennium Ecosystem
Assessment (Program) 2005). These functions in turn serve human populations.

Ecosystem services are broken into four classifications 1) provisioning, such as
timber and freshwater that can be directly utilized; 2) regulating services such as
those ecosystems which help with storm water management; 3) supporting,
which includes soil formation and nutrient cycles that underlie all earth’s
processes; and 4) cultural services that humans benefit from when interacting
with nature and wildlife (Deal, Cochran, and LaRocco 2012; Millennium Ecosystem
Assessment (Program) 2005).

To put water and ecosystem services into a larger context, roughly 20 - 40% of the
world’s population depends on wetlands as their source of drinking water, and
Norriss
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only 3-4% of the world’s land area are wetlands (Millennium Ecosystem
Assessment (Program) 2005). In addition, wetlands play an extremely large role in
mitigating flood impacts for roughly 2 billion people (Millennium Ecosystem
Assessment (Program) 2005). Economically, wetlands are strongly linked to
recreational fishing, which generates roughly $24-37 billion each year, engaging
35-45 million people (Millennium Ecosystem Assessment (Program) 2005). “MEA
valued world’s ecosystem services to be in the range of $16-54 trillion per year”
which would come to fruition through the provisioning, regulation, supporting,
and cultural services that ecosystems offer (Deal, Cochran, and LaRocco 2012). In
Massachusetts, along the Charles River, “the conservation of 3800 hectares of
wetlands along the main stream reduces flood damage by an estimated $17
million each year” (Zedler and Kercher 2005). Human and wildlife health and
prosperity depend upon understanding the ways in which we utilize (and could
utilize) wetlands and forested areas for water filtration, flood management, and
many other services.

Because of the scale of damage to wetlands, researchers agree that attempts to
regulate and study wetlands on individual locations will not yield appropriate
strategies for mitigating and preserving wetland resources (Bedford and Preston
1988; Liquete et al. 2013; Cohen-Shacham et al. 2011). A push now exists towards
watershed level analysis that looks to determine more functional grouping of
wetlands or ecological land units which “ties wetlands and landscape attributes to
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landscape functions and responses to disturbances” (Natural Heritage +
Endangered Species Program 2011; Bedford and Preston 1988; Cohen-Shacham
et al. 2011). This perspective allows for a broader understanding of cumulative
wetland functions and thus enables decision makers to manage resource units not
in terms of net acreage loss, but net functional loss which is a significant difference
from previous ways of managing. In 2015, the Obama Administration brought the
importance of this framework to a national level by when they “released a new
memorandum directing Federal agencies to factor the value of ecosystem services
into Federal planning and decision-making” (Obama Administration, 2015).2

In 2002, far in advance of this national recognition, the Massachusetts
Department of Environmental Protection (DEP) released guidance that outlines
public interests in wetland ecosystem services (Table 1) (Massachusetts Wetlands
Restoration and Banking Program 2002). These forward-thinking Massachusetts
public agencies anticipated the direction we need to move to ensure sound
decision making around wetlands preservation and restoration. To more actively
and effectively manage wetland ecosystem services, agencies must also pursue
research around what factors most affects wetland characteristics, as well as the
persisting threats to wetlands, on a landscape level is necessary.

2

Obama Administration. Incorporating Natural Infrastructure and Ecosystem Services in Federal
Decision-Making. The White House. N.p., 7 Oct. 2015. Web. 1 Nov.
2015.
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Table 1 Wetland Ecosystem Services
Adapted from the Massachusetts Department of Environmental Protection
(Massachusetts Wetlands Restoration and Banking Program 2002)
General Description of Wetland Functions
Public Interests
Public and private water Movement of surface water
supply,
groundwater from the wetland into the ground water.
supply

Movement of ground water through the wetland into
surface water (e.g., springs, ponds, streams etc.).

Flood Control and Storm The ability of wetlands to store flood waters and
gradually release them from upstream to downstream
Damage Prevention
points.

Prevention of pollution

Fisheries

Wildlife habitat

Norriss

Also, any wetland-caused decrease of erosive energy or
increase of shoreline anchoring whether or not erosion
is significantly reduced
Process by which suspended particles, dissolved
constituents and chemical contaminants (such as
pesticides and heavy metals that may be attached to
organics) are retained and deposited within a wetland.
The storage of nutrients within the sediment or plant
substrate; the transformation of inorganic nutrients to
their organic forms; and the transformation to and
subsequent removal of nitrogen as a gas.
Providing support for the aquatic food chain through the
flushing of large amounts of organic material from the
wetland to downstream or adjacent deeper waters.
Also, the support of on-site diversity and/or abundance
of fish and other aquatic life using the water and
saturated soils.
Providing food, shelter, or other life history
requirements for the on-site diversity and/or abundance
of wetland dependent wildlife.

11

Factors affecting wetland characteristics
Understanding the relationships and interactions of wetlands ecosystems and
their environments promotes more effective management strategies. Below is
not an exhaustive list of these factors, but rather those which can be leveraged to
inform the models presented in this thesis.
Location within a watershed
The location in a watershed affects the types of threats and the services wetlands
can provide, and is one of the most important components to wetland health
(Hansen and DeFries 2007; Whigham, Chitterling, and Palmer 1988; Brinson 1988;
MA Department of Fish and Game 2012). Wetlands lower in the watershed not
only receive waters from upstream carrying sediments and pollutant loads, but
often human activity centers around lower stream reaches (Bedford and Preston
1988). Pollutants, diseases, or exotic species that enter the upper reaches that
has direct implications for the water quality and quantity throughout the stream
reach and downstream users (Hansen and DeFries 2007; Liquete et al. 2013;
Palmer 2009). Wetlands downstream are thus also important for pollution
removal as well as floodwater storage services. Thinking in terms of the dynamic
movement of water throughout the watershed and protecting wetlands in either
the headwaters or downstream is crucial to the intended outcome of your
preservation or restoration project.
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Habitat and Aquatic Connectivity
Habitat and aquatic connectivity are useful metrics for assessing stream and
habitat integrity (Brinson 1988). Habitat connectivity provides interconnectedness
of natural ecosystems (Schleupner and Schneider 2013; McGarigal, Compton,
Jackson, Plunkett, Rolih, et al. 2012; Kentula 2000). Reducing forest fragmentation
(i.e. the sections of forest that are not connected to others) is one of the largest
determinants of biodiversity health (Whigham 1999). The connectedness greatly
“improves the survival chances of species in response to disturbances and climate
change” (Schleupner and Schneider 2013). Last, a high priority should be
connecting, and expanding, regions near existing types of the same ecosystems
(Whigham 1999).
Aquatic connectivity is defined longitudinally, laterally, as well as vertically
(Minnesota Department of Natural Resources 2017). Longitudinal connectivity
speaks to the length of stream unimpeded from modifiers such as dams, culverts,
or road crossings, allows aquatic species to freely traverse (McGarigal, Compton,
Jackson, Plunkett, Rolih, et al. 2012; Liquete et al. 2013; MA Department of Fish
and Game 2012).

Lateral connectivity refers to the connectivity into the

floodplain. Within larger rivers, access to the floodplains is especially important
for the transport of nutrients and sediments; within smaller streams, access to the
floodplains is important so as to reduce the amount of overland flow and episodic
flooding (Minnesota Department of Natural Resources 2017). Vertical connectivity
is the connection to the hyporheic zone, or the ability for water to pass through
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the river, soil, and ultimately to the groundwater. All three are especially relevant
to wetlands and their role in slowing down the infiltration process, filtering the
water as it enters the groundwater table, and providing floodplain storage during
storm events. Planning strategically for biological corridors and increasing aquatic
connectivity are two highly effective methods for improving biodiversity and
stream health within a watershed.
Size + Perimeter to Area Ratios
More intuitively, the larger a natural habitat is the less susceptible it is to negative
factors in its surroundings.

This results in a “higher probability for the

establishment of viable populations” (Schleupner and Schneider 2013; Kentula
2000). A higher perimeter to area ratio would result in longer and thinner
wetlands which are more subject to habitat fragmentation or external stressors
(Bedford and Preston 1988). Keeping this ratio and shape in mind is useful when
thinking about how to expand or protect a new site of restoration or preservation.
Threats to Wetlands
Threats to wetlands must be addressed in strategies throughout regulations and
procedures for future preservation and restoration efforts.3 Globally, wetlands
are an ecosystem type that is deteriorating faster than any other, primarily due to
global population growth and increasing economic development (Millennium

3

It is important to note that invasive species also pose a considerable threat to
wetland health, but are not elaborated upon in this review because they are not
incorporated into the modeling work.
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Ecosystem Assessment (Program) 2005). Negligence to this fragile system type can
result in a loss of an asset valued at $4.8 trillion globally in terms of the services it
provides for storm water management, water filtration, and many other services
(Van Rees and Reed 2014). Between the 1780s to 1980s, wetlands loss in the
contiguous U.S. was estimated at 53%, and as of 2005 experts were estimating
about a 1% loss per year of coastal wetlands of that which remains
(Zedler and Kercher 2005).
Urban Development and Filling
Urbanization, filling, and road development have both water quality and quantity
impacts, while also physically deteriorating and fragmenting the fragile
ecosystem. This impervious coverage alters the hydrology by “increasing runoff
of nutrient and pollutions into surface and groundwater supplies (Boyer and
Polasky 2004; Weiskel et al. 2013; Armstrong, Richards, and Levin 2011). Further
studies point to the correlations between high population growth and decreased
biodiversity in wetlands (Eppink, van den Bergh, and Rietveld 2004; Zedler and
Kercher 2005). While the number of “protected lands globally has doubled since
1975-2007, protected areas are still in great threat because of the intensification
of surrounding land uses (Hansen and DeFries 2007). These global trends are
echoed in Massachusetts for the largest driver of wetlands loss is land use
conversion into commercial and residential subdivisions, which accounts for
almost 40% of wetlands change (Table 2) (MA Department of Fish and Game
2012). The fragmentation and degradation of ecosystems through urban
Norriss
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development speaks to the
necessity

for

buffer

zones,

corridors, and watershed level
land use planning to ensure that
urban development does not
perpetuate
environmental

further
degradation

(Kivaisi 2001; Arnold, Jr. and
Gibbons 1996).
Dams
Dam presence has implications
for the aquatic connectivity,
sediment
temperature

transport,
gradients,

Table 2 Activities Resulting in Wetlands Change in
MA (1990s to 2000s)
Adapted from the MA ILF Program Instrument
(2012)
Photo-interpreted Change Type Acres
417
Residential Development
209
Cranberry Bog Activity
226
Commercial Development
189
Other
146
Clearing Unknown Reason
132
Agriculture
105
Gravel Operation
78
New Road
50
Transportation Infrastructure
47
Logging/Clearing
14
Filling Unknown Reason
1
Driveway
1
Flooding
1
Dock or Pier

and

biodiversity within streams (Weiskel et al. 2013; Armstrong, Richards, and Levin
2011; MA Department of Fish and Game 2012; “Massachusetts Climate Change
Adaptation Report” 2011). Within Massachusetts there are upwards of 2900
dams, and almost 1000 that are of “high” or “significant” hazard (“Massachusetts
Climate Change Adaptation Report” 2011). Removing dams that are no longer
functioning can result in improvements to “flood management, storm damage
prevention, and prevention of pollution in cases where the dams is otherwise in
disrepair” (Massachusetts Department of Environmental Protection 2007).
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Furthermore, removing dams allows for the restored passage of water and
sediments (which can often get trapped behind dams), and can re-establish more
natural temperature and oxygen levels (Massachusetts Department of
Environmental Protection 2007). Similar to road crossings and fragmentation of
terrestrial habitats, dams have been a leading cause of biodiversity decline in
aquatic ecosystems (Weiskel et al. 2013). Dams can impede the passage of
migratory species such as herring and salmon, as well as the available nutrients
and quality of habitat (Weiskel et al. 2013). The flow regime manipulations and
sediment traps of dams severely alter wetland health and the surrounding
landscape. In severe cases these hydrologic changes prevent the existence of
wetlands altogether. In contrast, it is important to note that in some instances
dams can construct wetlands by creating the necessary hydrologic conditions in
places were previously wetlands might not have existed. The integrity and
desirability of such wetlands should be determined on a situational basis.
Ultimately, the importance of the structural integrity and aquatic impediments of
dams cannot be understated.
Regulations
Recognizing threats and a need for further protection, in 2008 the U.S.
Environmental Protection Agency (EPA) and Army Corps of Engineers promulgated
regulations to clarify compensatory mitigation requirements of Section 404 of the Clean
Water Act, which led to the establishment of an In-Lieu Fee Program in Massachusetts.

The responsibility of regulating and managing wetlands mitigation projects is
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divided between the U.S. Army Corps of Engineers (ACOE), the Environmental
Protection Agency (EPA), and the individual states. This means that any
stakeholder who impacts wetland ecosystems is required to mitigate the losses.
As defined by the ACOE in 2008, the following are the four types of federally
recognized compensatory mitigation practices (MA Department of Fish and Game
2012):
1. The preservation (i.e., permanent protection) of aquatic resources and/or
habitats and buffers protecting aquatic resources, referred to in this
Instrument as habitat protection;
2. The restoration (or re-establishment) of what had historically been an
aquatic resource to its former state so there is a gain in aquatic resource
acreage;
3. The establishment (creation) of an aquatic resource at a site where there
is no evidence that it was previously an aquatic resource; and
4. The enhancement (or rehabilitation) of an aquatic resource by restoring
degraded functions of an existing wetland, which does not result in a gain
in aquatic resource acreage.
Wetlands Mitigation
In the United States, mitigation work can be completed in a variety of ways
through permittee-responsible mitigation, or third party mitigation. In most
circumstances, there is a required 1:1 ratio of acreage lost to mitigation work
(Hough and Robertson 2009; National Research Council (U.S.) and Committee on
Mitigating Wetland Losses 2001). As of 2009, more than half of the mitigation
work was executed by the permittee-responsible (or a contractor) in the form of
restoration, establishment, enhancement, or preservation on the site of their
project (Hough and Robertson 2009). This means that if a new project has an
impact on a wetland, the responsible party establishes or restores a wetland on
the site of the project. However, this is not always the most environmentally
Norriss
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sound form of compensatory mitigation, as the development that created the
impact at the onset will likely impact the hydrologic regimes and influence the
success of the wetland that was established (Fong 2015; National Research
Council (U.S.) and Committee on Mitigating Wetland Losses 2001). As a result,
many on-site wetlands mitigation projects have led to the establishment of
wetlands that would not necessarily have been based on the hydrology and
geology of the region (Fong 2015; Hough and Robertson 2009; Palmer 2009). In
study of 79 compensatory mitigation sites in California, Ambrose & Lee (2004)
deemed 30% of them to be “extreme failures” when ecological services gained
through their condition was compared to services lost through corresponding
impacts (Fong 2015). Similarly, a 2003 study found that only 10 of 59 (17%) on-site
compensatory wetlands mitigation projects that they investigated within New
England were considered adequate functional replacements for the initially
impacted wetlands (Minkin and Ladd 2003). In Washington State, 71% failed to
meet basic permit requirements (Minkin and Ladd 2003). The primary causes of
failure at these sites is related to the “adjacent land uses, improper hydrology, use
of cultivars, inadequate maintenance and protective measures, and invasive plant
species” (Minkin and Ladd 2003; National Research Council (U.S.) and Committee
on Mitigating Wetland Losses 2001). Ultimately, high-quality sustainable wetlands
at the site of the impact can be harder to achieve than investing in off-site
mitigation projects that have the flexibility to preserve or restore existing
wetlands in regions that are more likely to succeed.
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In-Lieu Fee Programs
In 2000, the In-Lieu Fee (ILF) Guidance was issued nationally, and since then it has
received more attention because it often provide an alternative to on-site
mitigation techniques (National Research Council (U.S.) and Committee on
Mitigating Wetland Losses 2001; Institute for Water Resources 2015). Under this
program, the primary responsible party (PRP) pays into the ILF program funds, and
governing agency then allocates that money to preserve or restore wetland
resources within the same service area. ILF programs grant the opportunity for
mitigation resources to be pooled and invested in a larger preservation or
restoration framework (See Box 1 for differences between ILF programs and
mitigation banks). The advantage of the ILF Program comes with the ability to
mitigate in both urban and rural contexts and for the mitigation work to be as
close to the site of impact as possible. Furthermore, is the emphasis on no net
functional loss, rather than just no net acreage loss in wetlands mitigation. This
Box 1. Differences between Mitigation Banks and In-Lieu Fee Programs
A mitigation bank often buys land (or makes an investment) in pristine
environments for conservation. Those looking to offset their impacts can pay
into this bank to sustain the existing conserved land. In this case, the PRP
buying the mitigation credits can see the work of the mitigation bank in action,
but it might not be close spatially to the site of the initial impacts.
In the case of In-Lieu Fee programs, the sponsor of the program (the state of
Massachusetts in this case) collects funds from the PRP to then allocate into
the conservation or restoration projects of their choice. The sponsor might not
yet know the project the funds will be allocated to, but has greater power and
flexibility to offset the mitigation as close to the impact as possible.
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has implications for developing effective wetlands mitigation programs that
ensure the communities receive benefits that were previously provided.

In Massachusetts, the ILF program is implemented by the Department of Fish and
Game (DFG), in partnership with the U.S. Army Corps of Engineers (ACOE), and is
divided into six service areas (Figure 2). Based on the impact to the aquatic
wetland resource and cost for restoration or preservation of a similar ecosystem,
mitigation credits are established in terms of cost per square foot or cost of linear
foot, depending on the resource type.
In-Lieu Fee Service Areas
Berkshire / Taconic
Connecticut River
Quabbin / Worcester Plateau
Coastal - North Sub-area
Coastal - Central Sub-area
Coastal - South Sub-area

Figure 2 In-Lieu Fee Service Areas of MA
Projects that Department of Fish and Game invests in are determined by 1) the
project’s likelihood of success, 2)

the project’s ability to achieve multiple

mitigation objectives, 3) whether projects will result in mitigation in the same
service area, 4) project’s support of or compatibility with broader conservation or
management initiatives in the surrounding landscape, and 5) the cost of
implementing and maintaining the project (MA Department of Fish and Game
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2012). The ILF Instrument documentation states several mechanisms for achieving
these goals:
•
•
•
•
•
•
•
•
•
•

Identify land preservation focus areas and ecological restoration
Protect rare species + remove invasive species
Identify what programs currently exist, and which species need more help
Restore/ improve more than one ecological system or function
Primarily preservation and those resources that are under threat
Protect headwaters / create buffer zones
Reconnect high quality habitats by removing in-stream barriers and reestablishing flows
Work with broader conservation initiatives in the region
Reduce habitat fragmentation / create wildlife corridors and buffers
Work within the same service area of initial impacts

From the outline provided in the Massachusetts ILF Guidance documents, as well
as the literature review of the landscape level characteristics and threats that
affect wetlands, a review of pertinent GIS data layers within Massachusetts was
then conducted. Through stakeholder engagement, I was able to hone in on which
components were most relevant to a model tailored to identifying high quality
wetlands for preservation.

Data and Methods
Approaches for Mapping Wetlands
I spent several months engaging with stakeholders within Massachusetts that
were using GIS for conservation, and investigating how this data could be applied
to In-Lieu Fee programs. Further, I spoke with those involved in Washington
states’ In-Lieu Fee Program as well as EPA staff involved in wetlands restoration
projects that could further inform the model I developed for Massachusetts. After
Norriss
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an overview of the stakeholder engagement process, I elaborate on the datasets
and tools that were consistently referred to as the most suitable for wetlands
preservation.
Stakeholder Engagement
Washington State
Washington State has a more established In-Lieu Fee program than Massachusetts
that is structured very differently. For one, their programs are implemented on
the county level instead of the state as a whole, and thus each region has
specializations depending on the needs. Those I spoke with at the Washington
Department of Ecology and King County (county that Seattle resides in) believed
having the ILF programs separated at the county level allowed for more effective
administration. Further, they communicated the necessity for clear divisions of
financial capital between administrative fees, funds for the planning and design
phases, and the implementation of the project. They noted that they would begin
the planning and design phases immediately when money was received through
their ILF program. This process alone can take several months, and in their
experience, they would have received additional ILF funds by the time they were
ready for the implementation of the project.

However, the most useful insight to a mitigation framework was their wellestablished system for calculating the credits and debits on a potential mitigation
site. Credits are determined by analyzing potential wetland ecosystem services
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from restoration or preservation sites; while debits are the functions lost due to
the impact to existing wetland sites. Their Credit/Debit Method divides wetland
functions into three categories (water quality improvements, flood and erosion
control, habitat for plants and animals) and then scores each wetland on a scale
from 1-9 (State of Washington Department of Ecology 2016). See Appendix 2 for
their score sheet and accompanying excel spreadsheet. This is a useful framework
and potentially employing a system such as this could be beneficial when there
are several sites to compare across Massachusetts.

EPA Rapid Benefits Indicator
Metrics that specifically look at interactions of wetlands and urban areas are
another powerful option. The EPA developed a model, the Rapid Benefits
Indicator tool, that specifically allows users to analyze benefits of wetlands
restoration projects in urban areas (Bousquin et al. 2016). This is a Microsoft
Excel™ tool that walks the user through five steps that inform the benefits from
wetlands ranging from scenic views and environmental education to recreation
and flood risk reduction. This tool helps in assessing potential wetlands in terms
of build out plans for cities which can be extremely advantageous to mitigation
efforts.
Massachusetts
Massachusetts is fortunate to have several organizations at the state level using
GIS for the preservation and restoration of the states’ natural resources. However,
over the course of the last several years, agencies have worked largely
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independently to map ecosystems or species of interest. Thus, coordination
between the contributing actors is of the utmost importance for the best use of
their mapping efforts. A series of meetings were held with Massachusetts Division
of Fisheries and Wildlife, in partnership with the Division of Ecological Restoration
– the agency responsible for implementation of the ILF Program. We worked to
define planning gaps and identify the types of tools could be most useful to the
success of the ILF Program. Subsequently, coordination with other entities, such
as the Department of Environmental Protection (DEP) and the Natural Heritage
and Endangered Species Program (NHESP), were vital in understanding the
regulations that this effort was born from, and also the extensive mapping that
had been performed.
Existing GIS Data in Massachusetts
The process of engaging stakeholders illuminated the following four datasets that
are most relevant to identifying wetlands and the potential ecosystem services
they provide: CAPS, BioMap2, MAPPR and, NWI+ / LLWW. These are described
separately below along with preliminary hypotheses for future uses within a GISbased model for site selection. It is vital to understand how these datasets were
created in order to develop models for site location
CAPS
The Conservation Assessment and Prioritization System (CAPS) is an initiative
developed in partnership between the University of Massachusetts, the Nature
Conservancy, and various Massachusetts state agencies. Their team modeled the
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ecologic integrity of terrestrial ecosystems (the Index of Ecological Integrity (IEI)),
including aquatic connectivity and landscape modifiers, by analyzing
anthropogenic and biophysical data in Massachusetts (McGarigal, Compton,
Jackson, Plunkett, Ene, et al. 2012). Of the many datasets available, the Critical
Linkages dataset was a key element for this analysis. Critical Linkages is an index
of ”probability that a dispersing animal might pass through a given point in the
landscape” and thus aims to help demonstrate how landscape alterations may
affect the migratory ability of select species given the impacts of the built
environment on natural habitats (Massachusetts Department of Environmental
Protection 2016). Critical Linkages is most useful to my analysis for assessing forest
fragmentation and stream crossings such as dams, culverts, railroads or roads.
However, this dataset is powerful in that it goes beyond the physical infrastructure
to assess impacts, and incorporates roughly 15 different ecological settings that
could influence the mobility of species including temperature, soil moisture and
depth, to traffic rates and tidal regimes (McGarigal, Compton, Jackson, Plunkett,
Ene, et al. 2012). As a result, this is one of the most comprehensive datasets
highlighting which “links” or corridors would be ideal to conserve as well as those
that are the most impaired.
BioMap2
BioMap2 was developed in 2010 through a partnership between the NHESP and
the Nature Conservancy in 2010. As described in the technical reports of BioMap2,
the primary goal of this statewide mapping exercise was to “represent the
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diversity of species, natural communities, ecosystems, and ecological settings”
throughout Massachusetts (Natural Heritage + Endangered Species Program
2011). The developed data layers represent the “largest examples of high-quality
forest and wetland ecosystems and intact landscapes, as well as extensive species
habitats and intact river networks” (Natural Heritage + Endangered Species
Program 2011). According to the technical report, the primary focus was in-land
habitat preservation, as well as prioritizing the connectivity of natural reserves.
Thus, with a target ecosystem or species in mind, BioMap2 provides
“complementary and overlapping layers” that are a powerful starting foundation
for conservation of the biodiversity in Massachusetts.

There are roughly a dozen layers mapping specific indicators such as Species of
Conservation Concern, Aquatic Core, or Coastal Adaptation Areas. However all
have specific objectives and not all of which are necessary for a wetlands-specific
tool.4 As a result, for the models I developed the BioMap2 Wetlands Core, Vernal
Pools, and wetlands buffer were employed. Again, it is critical to understand how
these layers were created in order to understand the value added from each
variable that was integrated into the resulting models.

4

The full methodology and individual guides for how these layers were created are available
online. However, the DEP wetlands layer was not included explicitly in my analysis because the
NWI+ dataset provided the same data and has a more robust attribute table. See also the DEP
Wetlands and Wetlands Change Areas Map.
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BioMap2 Wetlands Core Layer
“This set of wetlands represents the full suite of physical settings defined by
elevation and geology, if they are effectively conserved; they serve to protect both
the current and future wetland biodiversity.” -BioMap2 Technical Report
1. DEP Wetlands Layer5 as the initial foundation
2. Wetlands that were separated by no more than 100m of open water were
combined
3. Cranberry bogs and wetlands less than 10-acres were removed
4. Wetlands were then grouped by the underlying geology and elevations to
classify the varying types of wetlands
5. Wetlands from only the top 25% quartile of the IEI rankings were selected
The BioMap2 Wetlands buffer layer is particularly powerful in GIS analysis in that
the buffers “grew” depending on the ecological integrity of the surrounding
landscape as opposed to the standard 50-m buffer that may not always be
practical. For example, if there was a low IEI value on one side of the wetland, the
buffer would not extend through the development; if there were high IEI values
the buffer would extend unimpeded up to 500 meters.
BioMap2 Vernal Pools
1. The NHESP Potential Vernal Pool (PVP) database as identified from aerial
photography
2. Developed a model that ranked the quality of the habitat surrounding each
VP in terms
3. Selected the top 5% within each ecoregions of the state

5

See more information here.
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MAPPR
In 2015, Mass Audubon, The Nature Conservancy and LandVest developed a GIS
based platform for selecting sites for conservation. MAPPR did not create new
datasets, but rather provides a user-friendly interface to interact with widelyaccepted and robust GIS datasets throughout Massachusetts for conservation
initiatives. In this interactive model, users can choose their specific preferences
to prioritize, or choose from a pre-determined model. MAPPR’s model is powerful
but is not specific to wetlands. Thus, my analysis utilized their methodology, but
integrated additional datasets to adapt it for the needs of the In-Lieu Fee program.

Two critical components of the MAPPR analysis was the alignment of the Open
Space layer (polygons of protected land) and the L3 parcels (polygons of land
ownership) and the distinction between contiguous blocks (BlkSize123) and
individual parcels (ParcSize123).

Extensive measures were taken within the MAPPR project to unify the MassGIS
protected and recreational open space layer and the level 3 (L3) parcel dataset.
Each layer was given a score on a scale of zero to three and thus at the L3
Assessor’s Parcel level, users can see the aggregated value of each conservation
components. The L3 parcels are the legal delineations of property within
Massachusetts, and thus provide information on land ownership and property
value. Assigning values to each of these parcels is a useful methodology for
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decision-makers assessment of actually selecting areas for land acquisition.
However, these parcel boundaries were congruous with the Massachusetts open
space layer. The open space layer were polygons of open space and the park
system within Massachusetts.

As a result, analysis of which parcels were

protected (and by whom) was not the most accurate. As a result of MAPPR’s
efforts, each parcel now has an attribute for the level of protection and land
ownership.
Based on the individual parcel delineations, MAPPR could then identify large
blocks of contiguous unprotected parcels (landscape blocks). This allows the
model to rank the relative sizes of unprotected land in the blocks, which provides
a larger landscape level view of opportunities to protect adjoining tracts of land
(Mass Audubon, The Nature Conservancy, and LandVest 2015) (Figure 3).

Figure 3 Differences between Parcel and Block Size Rankings
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The next step of their analysis was to assign values to each of the parcels based
on the intersections of the following GIS data layers. BioMap2, the UMass Critical
Linkages, The Nature Conservancy Resiliency layer, and proximity to protected
land are the foundations from which all MAPPR models are developed. Below is a
description of The Nature Conservancy’s Resiliency layer; see Box 2 for how the
ranks were actually assigned.

The Nature Conservancy Resiliency layer maps regions in the Northeastern US
“where the direct effects of climate change are moderated by the complex
topography and connected natural cover.” These are based on the topography,
land use, and “micro-climates” that could impact the ecosystems adaptability or
susceptibility to climate change. Resiliency scores were assigned across
Box 2 Methodology for incorporating ranks into parcels
1. Use Layer of Interest (for example BioMap2 Wetlands) as the source layer
to select the Master L3 parcels by location.
2. Export this selection
3. Intersect function between the exported selection and the layer of
interest.
4. Dissolve the results of the intersect, and calculate the area of each
polygon.
5. Join the tables of the dissolved layer and the initial spatial selection, which
allows you to then calculate the percent that the layer of interest makes up
of the parcels that it intersects.
6. Create the Acres and Percent fields in the Master L3 Parcels Table, then
join the tables and use field calculator to set the Acres and Percent values
equal to that which calculated.
Each parcel was given a value of two if it was adjacent to already protected
land (AdjProt123).
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Massachusetts and then MAPPR reclassified and assigned those values to each
parcel.
The MAPPR model currently includes a basic online interface. To run the model
online, users first select their town / watershed of interest, then chose from one
of the following four pre-determined models, or select their variables of interest
which provides flexibility and ease for stakeholders to mold the output to their
specific interests.
Models (each variable of the model is equally weighted):
The Balanced Model
TNC Resilient Sites for Conservation + UMass Critical Linkages + BioMap2 Core
Habitats + BioMap2 Critical Natural Landscapes + Parcel Size + Block Size +
Adjacent to Protected Land + Under Represented Settings
• Values range from 0 to 21
Resilience Model
TNC Resilient Sites for Conservation + BioMap2 Coastal Adaptation Values
• Values range from 0 to 6
Aquatic Model
BioMap2 Vernal Pools + BioMap2 Wetlands Core + BioMap2 Aquatic Core
• Values range from 0 to 9
Biological Model
BioMap2 Priority Natural Communities + BioMap2 Species of Conservation
Concern + BioMap2 Aquatic Core + BioMap2 Vernal Pools
• Values range from 0 to 10
National Wetlands Inventory +
The U.S. Fish and Wildlife Service (USFWS) led an online mapping project in 2013
that led to the development of the National Wetlands Inventory. Recognizing the
need to further classify the wetlands types and functions, pilot projects for various
states were initiated, and the NWI+ Mapper was created. Similar to MAPPR, this
is an online platform for users to interact with the wetlands dataset, but this is a
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singular dataset. That is to say, one is able to look at the attributes of each wetland
mapped in their system, but can not rank or prioritize the wetlands.

The strength of NWI+ is that it provides a comprehensive foundation for mapping
and analyzing all wetlands and potential sites for restoration as well (Bridgham et
al. 2006; Tiner 2013; Tiner et al. 2013). By first analyzing the DEP Wetlands layer
and MA soils from the USDA Natural Resource Conservation Service, the USFWS
team then reviewed aerial photography67 to confirm assumptions and investigate
various modifiers to the landscape. This technique allowed them to parse out
watershed level impacts such as dams or agriculture that could alter the presence
or health of wetlands. As a result, the NWI+ dataset is robust for not only
delineating existing wetlands, but also sites for restoration. The NWI+ dataset
classifies the wetlands according to the specific Cowardin classification system,
and also into four larger groupings: 1) Wetlands 2) Deepwater 3) Cranberry Bogs,
and 4) Farmed Wetlands.

Type 1 restoration sites in this dataset signify former wetlands, characterized
primarily by drained, filled, or dammed lands that were used for agriculture. Type
2 restoration sites are currently existing wetlands with impairments. This ranges

6

2010 four-band infrared digital aerial imagery (U.S. Geological Survey, National Aerial Imagery
Program)
7
1890s topographic maps from the U.S. Geological Survey was used to help identify original
conditions in some areas.
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from ditching, excavation, impoundment, or road or railroad crossings. These
classifications were not added to the model, but rather are available in the raw
NWI+ dataset.

Wetland classifications are derived from the Cowardin et al. system by the Federal
Geographic Data Committee and the NWI+ dataset then subset into the following
four primary components and overall goals:
1)
2)
3)
4)

Landscape position
Landscape Type
Water Regime
Eleven landscape-level functions

•

Produce a more complete description of wetland and deepwater habitat
characteristics for watersheds
Estimate the capacity of an entire suite of wetlands to perform certain
functions in a watershed or other geographic area of interest.
Identify modifiers and sites for restoration

•
•
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This

dataset

then

identifies

potential ecosystem services of
each wetland from none to either
moderate or high performance
(Box

3).

Potential

wetlands

functions were assigned based on
a series of algorithms developed
that are available in Appendix 3.

Having

even

rudimentary

delineations of wetlands functions

Box 3 NWI+ Potential Wetland Functions
Classifications
Wildlife Habitat
Fish and Adequate Invertebrate
Habitat
Unique, Uncommon, or Highly Diverse
Wetland
Waterfowl and Waterbird Habitat
Other Wildlife Habitat
Stormwater Protection
Bank Shoreline Stabilization
Coastal Storm Serge Retention
Streamflow Maintenance
Surface Water Detention
Supporting
Carbon Sequestration
Nutrient Transformation
Plant Communities
Sediment and Other Particulate
Retention

is powerful for planning mitigation
actions and gives a snapshot into the current and future potential of wetlands
within Massachusetts.8 Table 3 shows both the total acreage of that particular
ecosystem service within the respective service area and the number of wetlands.
Unfortunately, in Massachusetts this project ran out of funding before it was
thoroughly reviewed and quality checked. This also means that while
documentation does exist explaining the metadata, it is not an accessible format
for users. Thus, part of the contribution of this thesis was to fill this gap (See

8

There are a total of 176,200 wetlands delineated within Massachusetts, 5168 that don’t have
any ecosystem services associated with them, and 22 observations where the acreage was zero.
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Appendix 4 which provides comprehensive tables explaining the variables of the
NWI+ dataset).
Table 3 Number of Wetlands per Ecosystem Service
Berkshires
Connecticut
Quabbin/
River
Worcester
21, 632 total 12, 883 total 53, 097 total
wetlands
wetlands
wetlands
Wildlife Habitat
20, 171
11, 838
48, 929
Stormwater
21, 284
12, 659
51,978
Protection
Supporting
21, 247
12, 628
51,824

Coastal
87,984 total
Wetlands
72, 974
82, 218
80, 805

Additional Datasets and Variables
The process of stakeholder engagement illuminated the range of actors within the
conservation initiatives and many other windows of opportunity for future
collaborations. There are many other datasets within Massachusetts that don’t
specifically delineate high quality wetland resource areas, but would be helpful in
better understanding the wetlands attributes.

First, the mapped NWI+ dataset has several features that should not be
overlooked such as whether or not the wetland is drained, if it drains to an estuary,
or has specific landscape modifiers (Appendix 4). It also includes the restoration
potentials, habitat, such as deepwater or cranberry bogs, and whether or not it is
a tidal wetland. These are just a few of the many additional attributes; this robust
dataset can be extremely powerful for conservation, mitigation, and restoration
activities in the future.
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Second, integrating regions of with overlapping conservation concern to the
model is another dynamic option for future models. The MAPPR model has
continued to incorporate several other datasets that are relevant for their efforts.
Their team distinguished between parcels that were contained within a
groundwater or within a surface water protection area. They also identified if a
parcel was associated with a particular land trust. Similarly, the Massachusetts
Division of Fisheries & Wildlife has mapped several endangered and threatened
species that are dependent on high quality wetlands. Looking to invest mitigation
dollars in these fragile regions provides additional windows of opportunity to unify
conservation or restoration work.

Last, it would be useful to replicate the innovative way in which the BioMap2
Wetlands Buffer “grew” based on the surrounding development for all of the
NWI+ wetlands, the BioMap2 Vernal Pool Cores, and potentially already protected
land. This allows for communities and decision-makers to more thoroughly asses
the potentials to expand the protection of these regions.
Methods
After identifying the GIS data layers available for Massachusetts, and widely
accepted within the conservation and wetlands mapping realms, I developed new
models for how such layers could be used to inform decision-making for wetlands
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mitigation under the ILF Program. This is necessary for the Division of Fish and
Wildlife to make defensible decisions about how they allocate ILF program funds.
This model builds upon the foundation of MAPPR that developed an index, zero
to three, at the parcel level for all variables of interest (Table 5).

I then

incorporated additional variables of interest from the NWI+ and BioMap2 datasets
to tailor the model specifically to wetlands conservation and mitigation (Table 6).

Utilizing both BioMap2 and the NWI+ wetlands provide a more complete picture
of all wetlands within MA (Figure 4, Table 4). Inherently, many of the wetlands will
be mapped two times, but this serves as a natural way to place greater weight on
those wetlands that have been identified as “high-quality” resources by BioMap2
without losing the plethora of other wetlands present in NWI+.
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Figure 4 Example Differences in Wetlands Mapping

Table 4 Differences in Wetlands Delineation in the Taunton Watershed
Number of
Total
Min.
Max.
Average
Source
NWI+
BioMap2

Wetlands
Polygons
18,133
249

Acreage

Wetland

Wetland

Size

64,604
22,066

0.01585
0.15

661.14
2060

3.562
88.622

To reiterate, the variables were agreed upon through a series of dialogues with
stakeholders. This serves as a starting point for making models specific to selecting
sites of high quality wetlands, vernal pools, and critical linkages in aquatic or
terrestrial connectivity.
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Variables

Table 5 MAPPR Variables
Theme
Location

Proximity to Protected
Land
Indicators of ecological
integrity

Size of Parcel / Block

Variable Name
LOC_ID
Cnty_Name
Town_Name
Wtshd_Name
ILFP_SArea
AdjProt123

Description
Unique Identifier for each L3 parcel
County
Town
Watershed
In Lieu Fee Program Service Area
Value of 2 if adjacent to Protected Land

VPC123
AQ123
CLCond123
CNL123

Rank: BioMap2 Vernal Pools
Rank: BioMap2 Aquatic Resource
Rank: UMass Critical Links + Coherence
Rank: BioMap2 Critical Natural
Landscapes
Rank: BioMap2 Wetlands
Rank: Parcel Size
Rank: Size of Unprotected Section in
Block Groups

Wet123
ParcSize12
BlkSize123

Values were assigned by analyzing the relative percent of the variable within the
respective L3 parcel and either given a binary value, or a rank where applicable.
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Table 6 Unique Model Variables
Theme
Protected Land
Location in Watershed

Variable
MassGIS
NWI+ : Headwaters

Wetlands Habitat

NWI+:
Wetlands
Habitat
BioMap2 :
Binary: If located in the Wetland Buffer
Wetlands Buffer
NWI+ : Ecosystem Services
NWIP_BSS
Bank Shoreline Stabilization
NWIP_CAR
Carbon Sequestration
NWIP_CSS
Coastal Storm Serge Retention
NWIP_FAIH
Fish and Aquatic Invertebrate Habitat
NWIP_OWH
Other Wildlife Habitat
NWIP_SM
Streamflow Maintenance
NWIP_SWD
Surface Water Detention
NWIP_WBIRD
Waterfowl and Waterbird Habitat
NWIP_UWPC
Unique, Uncommon, or Highly Diverse
Wetland Plant Communities
NWIP_NT
Nutrient Transformation
NWIP_SR
Sediment and Other Particulate Retention

Wetlands Buffer
Ecosystem Services

Description
Binary: If parcel is protected land
Binary: If wetlands parcel is located in
headwaters
Rank: Wetlands classification

NWI+ Layers
The NWI+ attributes had to be assigned to each of the parcels using the same
MAPPR methodology (Box 2).

The dataset for this analysis was limited to

“Wetlands,” and similar to the MAPPR analysis, the acreage and percentage of
NWI+ Wetlands was calculated for each parcel in the Taunton Watershed. Each
parcel ranked based on the following thresholds:
0 = 0 (21,778 polygons)
1 = "NWIWetPerc" > 0 AND "NWIWetPerc" <= .039687 (7205 polygons)
2 = "NWIWetPerc" > 0.039687 AND "NWIWetPerc" <= 0.189635 (7205
polygons)
3 = "NWIWetPerc" > 0.189635 (7205 polygons)
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In the same way that the habitat attributes were assigned, the corresponding
ecosystem functions were also joined to the parcel. These rankings also apply to
the extent at which the ecosystem service is associated with the respective parcel.
An important distinction is that the ecosystem service itself is not given a rank and
is not factored into the model, but rather the user can choose to limit their models
to only certain ecosystem services prior to running the model, or evaluate the
potential services in their output.

Furthermore, each wetland was given a binary value if it is located in the
headwaters of the watershed. If a wetland in the headwaters intersected the L3
parcel, the parcel was given a value of 1.
Models
All variables are available for all the parcels in the state of Massachusetts.
However, as a pilot study, these models were implemented for the Taunton
Watershed. Once the attributes and ranks were assigned to each parcel, a new
field was created in the attribute table for each model. Components were then
added together which allows for comparison of each parcel rank and distributions.

It is important to note that while parcels that are already protected do have the
corresponding attributes such as being a mapped wetland or critical link, they
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were excluded from the models entirely (given a value of -9999). Thus, the outputs
and ranks are only for those parcels that were not formally protected.9

The method is flexible in its ability to both see in fine detail which attributes each
parcel has, while also ranking based on the components that are of most value to
specific applications. These are the suggested combinations of attributes to begin
with.

All attributes valued (Value_All, range 0-14):
This aggregates the scores of all the variables equally.
• BioMap2 Wetlands Core, BioMap2 Vernal Pools Core, BioMap2 Wetlands
Buffer, MAPPR Parcel Size, MAPPR Block Sizes, CAPS Critical Linkages,
MAPPR Adjacent to Protected Land, NWI+ Wetlands, NWI+ Headwaters
High Quality Wetlands Specific (HQ_Spec, range 0 - 13):
This additive model first selected only parcels that were mapped as BioMap2
Wetlands Core, BioMap2 Wetlands Buffer, or NWI+ Wetlands (19,937 parcels of
43,393 total). From that selection only, the following attributes were summed to
then specifically rank the high quality wetlands.
•

BioMap2 Wetlands Core, BioMap2 Wetlands Buffer, MAPPR Parcel Size,
MAPPR Block Sizes, MAPPR Adjacent to Protected Land, NWI+ Wetlands,
NWI+ Headwaters

Vernal Pools Specific (VP_Spec, range 0 – 10):

9

The MAPPR online tool, however, does also include if the parcel is a part of a Land Conservation
Initiative, but that was not considered for this analysis.
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Similar to the High Quality Wetlands model, the dataset was first subset to only
BioMap2 Vernal Pools and then was ranked accordingly.
•

BioMap2 Vernal Pools, BioMap2 Wetlands Buffer 10 , MAPPR Parcel size,
MAPPR Block Sizes, MAPPR Adjacent to Protected Land

Critical Linkages (CriticalLi, range 0 - 10):
This specifically focused on critical linkages between parcels, buffers around
wetlands, and expanding existing protected areas. It then ranked the parcels
based on the following attributes:
•

BioMap2 Wetland Buffer, CAPS Critical Linkages, MAPPR Parcel Size,
MAPPR Block Sizes, MAPPR Adjacent to Protected Land

Analysis
The Taunton Watershed is approximately 339,047 acres. There are 43,393 L3
parcels, 272,885 total acres, of which approximately 21% (59245 acres) is
protected land. Already protected parcels were excluded from all model outputs
(2,487 protected parcels). The acreage difference between the parcels and the
watershed can be attributed to infrastructure such as roads or highways, as well
as open bodies of water. I will first demonstrate the basic model outputs, then
speak to future directions for further tailoring the users’ analysis.

10

There were 110 parcels in which the BioMap2 Wetland Buffer did intersect Vernal Pools so it
was included in the model.
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Model outputs
Each parcel was ranked based on the specific model attributes. The following
figures show how each component was aggregated to produce the final parcel
ranks. The boxes to the right of each model output step through how the ranks
where assigned and which layers were included. Each middle box shows the
intermediate ranks of parcel and block sizes –larger parcels characterized by a
higher rank -- because that was a feature that was constant in all models. Then
finally the bottom box zooms into the final ranks of the respective models.

Figure 5 shows the aggregated values of all attributes. There are 32,385 parcels
ranked greater than zero, but only 263 parcels with a value greater than 10 (only
3 with a value of 14). This provides a large-scale perspective on general high
quality areas, but it’s harder to know specifically why a given parcel is given a
higher rank without diving deeper into the attribute table.

Figure 6 shows the high quality wetlands specific output. Notice the top box shows
the overlapping attributes like adjacency to protected land, and both NWI+
wetlands and BioMap2 wetlands. While 19,337 of the 43,393 total parcels met the
criteria, only 81 had a value greater than 10 and two with the highest rank of 13.
Limiting the model to strictly where wetlands are within the watershed, the
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decision maker has a refined understanding of the highest quality wetlands with
transparency in how that decision was arrived upon.

Figure 7 shows the vernal pools model, which is the least comprehensive
perspective of where to invest. BioMap2 Vernal Pools was the only dataset used
to locate vernal pools, but BioMap2 does not map all vernal pools within
Massachusetts (only those of “high quality”). Nonetheless, there are 362 parcels
that fulfilled the model criteria. Notice that in the top right box the small vernal
pool and the BioMap2 wetlands buffers, as well as the parcels that are adjacent
to public land. Only one parcel has a rank of 10, and 30 that were greater than
five. From the decision makers point of view, having an output that is this refined
could be most useful to determine the highest quality vernal pools that are worth
preserving.

Figure 8 illuminates the critical linkages between terrestrial and aquatic habitats.
This type of analysis could prove useful when strategically planning the locations
of biological corridors. The top right box shows the wetland buffer zones,
adjacency to protected lands, parcel ranks of CAPS critical linkages. While 8,441
met the formal criteria of this model, only one has the highest value of 10, and 18
with a value of nine. The ability to hone in on the most suitable parcels is a
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significant opportunity for increasing efficiency to allocate mitigation funds. The
interaction of information between models as well is of great value.
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Figure 5 Model Output: All Attributes Valued
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Figure 6 Model Output: High Quality Wetlands Specific
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Figure 7 Model Output Vernal Pools
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Figure 8 Model Output: Critical Links
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Case Studies
As seen, there can be upwards of 20,000 parcels that meet the criteria for the
respective models, but only a handful that are of the “highest quality” – what is it
that distinguishes these areas? Satellite imagery allows us to take a closer look at
regions that were ranked higher to verify the surrounding land uses and potential
success of the sites.

Figures 9 and 10 zoom in on the model that aggregates all variables and the high
quality wetlands case, respectively. This perspective confirms that these are large
tracts of undeveloped land suitable for land preservation and acquisition.

However, Figure 11, a parcel level comparison, illuminates specific details about
which characteristics gave the parcel higher ranks. Two important components
are the classification of Vernal Pools and adjacency to protected land. In this
analysis, I only looked at the four generalized habitat classifications within the
NWI+ dataset, and not the Cowardin classification system that categorized
wetlands in much greater detail. Table 7 shows that this parcel was actually
classified as a BioMap2 Vernal Pool, while NWI+ classified it as a wetland at large.
Depending on the stakeholders interests, this could be large discrepancy. The
datasets contain attributes with more fine tuned wetlands classification that could
be expanded upon in future iterations of this model.
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Figure 9 Case Study: All Attributes Valued
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Figure 10 Case Study: High Quality Wetlands

Norriss

54

Table 7 Case Study Comparative Attributes
All Attributes
High Quality
Variables
Value
Wetlands
Parcel Size

3

3

Block Size
Adjacent to Projected Land

2
0

2
0

Critical Linkages
BioMap2 Vernal Pool

0
3

N/A
N/A

BioMap2 Wetland

0

0

BioMap2 Wetland Buffer

0

0

NWI+ Headwaters

1

1

NWI+ Wetland

2

2

Rank Value

11

8

Potential Ecosystem Services
Bank Shoreline Stabilization

High

Carbon Sequestration

Moderate

Nutrient Transformation

Moderate

Other Wildlife Habitat

High

Sediment and Other
Particulate Retention

Moderate

Streamflow Maintenance

High

Surface Water Detention

Moderate

Figure 11 Case Study, Ranks Comparison
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Second, relaxing how we define “adjacency” could also change the outputs of the
model. In this case, unless the parcel was directly touching the protected parcel it
was not classified as “adjacent.” Potentially developing a buffer zone (even of 2030 meters in this case) would make a difference, keeping in mind that would result
in purchasing additional parcels if true adjacency was the goal.

Last, by looking at the parcel level we gain insight to the potential ecosystem
services as defined by the NWI+ dataset. Incorporating ecosystem services allows
one to think in terms of net wetland function loss as opposed to strictly acreage
which is a much more useful framework when mitigating impacts. However, in this
analysis ecosystem services are not factored into how the parcel was ranked, but
rather only about twenty percent of the parcel (as indicated by an NWI Rank of 2)
is an NWI+ classified wetland that potentially provides services such as streamflow
maintenance, bank shoreline stabilization, and many others. Keeping this in mind
is crucial for effectively interacting with the dataset. If specifically analyzing
ecosystem services is the objective, I would strongly recommend analyzing the
direct NWI+ database as opposed to migrating the data into the parcel level. The
user can still overlay the parcel information, as well as select wetlands only within
certain regions, but ensures the highest level of integrity for wetland function
delineations. This is most applicable when distinguishing between wetlands of
urban versus rural areas. Approaches such as this can give way to more dynamic
restoration or mitigation actions.
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Model Applications
The Taunton Watershed is rich in water resources and wetlands, but is also at risk
due to the rate of urban development and increasing impervious coverage
throughout the watershed around the small and medium sized cities (Figure 9). By
pairing this dataset with others, such as the USGS sub-basins and impervious
coverage, the user can also chose to focus on specific areas and target wetland
functions to the needs of their community. By selecting only sub-basins with the
least impervious coverage, the user can then make queries about the highest
quality wetland resources in that region specifically (Figure 12 and 13). In this case,
when we apply the High Quality Wetlands Specific model, there 15, 685 parcels
within those regions. Figure 14 zooms in to a section of low impervious coverage
and shows the breadth of unprotected high quality wetlands. This serves as
another lens through which decision makers could extract the most salient parcels
for preservation.
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Figure 12 USGS Sub-basins and Impervious Coverage
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Figure 13 Taunton sub-basins with less than 10% impervious coverage
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Figure 14 High Quality Wetlands in sub-basins with less than 10% impervious coverage
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Conclusions
Data Limitations and Spatial Error
As illuminated by the case studies, how we delineate boundaries and assign
attributes has significant impacts on our model that cannot be overlooked. The
ways in which we classify wetland ranks, buffer and headwater zones, and
classifications of natural ecosystems in a GIS are subject to human judgment and
error.

The wetlands (both BioMap2 and NWI+) were first assessed by the percentage of
the wetland within the parcel, but the ranks were assigned through an equal
interval distribution. Thus, being ranked a “2” does not necessarily mean that twothirds of the parcel was a wetland, but rather of all the parcels that contain a
portion of wetlands they are equally distributed between 1,2, and 3. This was a
substantial judgment call, and we would see much different results if we reclassified the ranks in other ways.

Second, parcels were assigned as in the wetlands buffer zone or the headwaters
if they “intersected” polygons with those respective attributes. “Intersect” in GIS
is a liberal term and perhaps only the boundaries touched, but were not
substantially overlapping, yet the parcel was still assigned the value of being in the
buffer zone or in the headwaters. This is the stark reality of using the intersect
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tool. Bearing in mind what “intersects means” and then determining how critical
of an approach decision makers chose to take is valuable for future modeling
work.

Last, and perhaps most important, anytime that humans attempt to model natural
ecosystems in a computer software, spatial error must be considered. Many of
these datasets are classified based on satellite imagery, and some are field
verified, but users must understand that there are inherently errors in boundaries,
area, and the accuracy of these delineations. This should not dissuade decisionmakers from utilizing the power of GIS, but rather the scale at which they confide
in this model must be taken into account.

Policy Implications
This is a stepping stone for providing data-driven, flexible tools to inform decision
making around land acquisition and preservation strategies. While it is tailored to
the ILF program, the implications reach far beyond just mitigation work. Having a
tool that allows policy makers to see the breadth of attributes and value in parcels
and wetlands state-wide can influence future strategic plans for watershed level
conservation and restoration strategies. Massachusetts has been extremely
progressive in its use of GIS to inform decision-making, and this is just another tool
in its suite to complement existing action.
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Looking beyond the GIS tool, another contribution of this thesis was the
considerable time spent with stakeholders, such as the Massachusetts agencies
this tool was developed for, to determine the logic and develop a framework to
determine sites wetlands preservation. Even without the GIS data layers, these
attributes can be incorporated into any mitigation practice. This would be more
field-work driven but should yield similar results and help optimize site selection
for wetlands preservation.
Future Directions
Mitigation only goes so far if you have a political framework that does not prevent
large scale impacts at the onset and you will continue to be attempting to
compensate and treat these threats within the region

(Whigham 1999).

Massachusetts is very fortunate in that there is a wealth of GIS data and dedicated
organizations working to preserve ecosystems for the fulfillment of both
environmental and social goals. This work aimed to develop a sound justification
and methodology for wetlands mitigation to optimize this process within
Massachusetts going forward. By collating the most relevant datasets into
interactive models, administrators can focus their efforts on those regions of the
highest quality wetlands, critical links in habitat or aquatic connectivity, or
watersheds with the lowest impervious coverage. This is just one application of
how data can play an influential role in proactive mitigation work. Continued
efforts of collaboration, strategic planning, and stakeholder engagement
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complement and can perpetuate a framework for healthy wetlands since we will
continue to be dependent on them in the future.
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Appendix 1 Cowardin Wetlands Classifications

NWI Wetlands and Deepwater Map Code Diagram
System

M - Marine

Subsystem

1 - Subtidal

2 - Intertidal

Class

RB – Rock Bottom

UB – Unconsolidated
Bottom

AB – Aquatic Bed

RF – Reef

AB – Aquatic Bed

RF – Reef

RS – Rocky Shore

US – Unconsolidated
Shore

Subclass

1 Bedrock
2 Rubble

1 Cobble-Gravel
2 Sand
3 Mud

1 Algal
3 Rooted Vascular

1 Coral
3 Worm

1 Algal
3 Rooted Vascular

1 Coral
3 Worm

1 Bedrock
2 Rubble

1 Cobble-Gravel
2 Sand
3 Mud
4 Organic

System

E - Estuarine

Subsystem

1 - Subtidal

2 - Intertidal

Class

RB – Rock UB – Unconsolidated
Bottom
Bottom

AB – Aquatic Bed

RF – Reef

AB – Aquatic Bed

RF – Reef

SB – Streambed

RS – Rocky
Shore

US – Unconsolidated
Shore

EM – Emergent

SS – ScrubShrub

FO – Forested

Subclass

1 Bedrock
2 Rubble

1 Algal
3 Rooted Vascular
4 Floating Vascular

2 Mollusk
3 Worm

1 Algal
3 Rooted Vascular
4 Floating Vascular

2 Mollusk
3 Worm

1 Bedrock
2 Rubble
3 Cobble-Gravel
4 Sand
5 Mud
6 Organic

1 Bedrock
2 Rubble

1 Cobble-Gravel
2 Sand
3 Mud
4 Organic

1 Persistent
2 Nonpersistent
5 Phragmites
australis

1 Broad-Leaved
Deciduous
2 Needle-Leaved
Deciduous
3 Broad-Leaved
Evergreen
4 Needle-Leaved
Evergreen
5 Dead
6 Deciduous
7 Evergreen

1 Broad-Leaved
Deciduous
2 Needle-Leaved
Deciduous
3 Broad-Leaved
Evergreen
4 Needle-Leaved
Evergreen
5 Dead
6 Deciduous
7 Evergreen

1 Cobble-Gravel
2 Sand
3 Mud
4 Organic

System

R - Riverine

Subsystem
Class
Subclass

1 - Tidal
RB** – Rock UB – Unconsolidated
Bottom
Bottom

AB – Aquatic Bed

1 Bedrock
2 Rubble

1 Algal
2 Aquatic Moss
3 Rooted Vascular
4 Floating Vascular

1 Cobble-Gravel
2 Sand
3 Mud
4 Organic

3 – Upper Perennial

2 – Lower Perennial

SB***– Streambed
1 Bedrock
2 Rubble
3 Cobble-Gravel
4 Sand
5 Mud
6 Organic
7 Vegetated

4* - Intermittent

RS – Rocky Shore

US – Unconsolidated
Shore

EM – Emergent

1 Bedrock
2 Rubble

1 Cobble-Gravel
2 Sand
3 Mud
4 Organic
5 Vegetated

2 Nonpersistent

* Intermittent is limited to the Streambed Class;
** Rock Bottom is not permitted for the Lower Perennial Subsystem;
*** Streambed is limited to Tidal and Intermittent Subsystems
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NWI Wetlands and Deepwater Map Code Diagram
System

L - Lacustrine

Subsystem

2 - Littoral

1 - Limnetic

Class

RB – Rock UB – Unconsolidated AB – Aquatic Bed
Bottom
Bottom

Subclass

1 Bedrock
2 Rubble

1 Cobble-Gravel
2 Sand
3 Mud
4 Organic

RB – Rock UB – Unconsolidated AB – Aquatic Bed
Bottom
Bottom

1 Algal
2 Aquatic Moss
3 Rooted Vascular
4 Floating Vascular

1 Bedrock
2 Rubble

System

1 Cobble-Gravel
2 Sand
3 Mud
4 Organic

1 Algal
2 Aquatic Moss
3 Rooted Vascular
4 Floating Vascular

RS – Rocky US – Unconsolidated EM – Emergent
Shore
Shore
1 Bedrock
2 Rubble

1 Cobble-Gravel
2 Sand
3 Mud
4 Organic
5 Vegetated

2 Nonpersistent

P - Palustrine

Class

RB – Rock
Bottom

UB – Unconsolidated
Bottom

AB – Aquatic Bed

US – Unconsolidated
Shore

ML – Moss-Lichen

EM – Emergent

SS – Scrub-Shrub

FO – Forested

Subclass

1 Bedrock
2 Rubble

1 Cobble-Gravel
2 Sand
3 Mud
4 Organic

1 Algal
2 Aquatic Moss
3 Rooted Vascular
4 Floating Vascular

1 Cobble-Gravel
2 Sand
3 Mud
4 Organic
5 Vegetated

1 Moss
2 Lichen

1 Persistent
2 Nonpersistent
5 Phragmites australis

1 Broad-Leaved Deciduous
2 Needle-Leaved Deciduous
3 Broad-Leaved Evergreen
4 Needle-Leaved Evergreen
5 Dead
6 Deciduous
7 Evergreen

1 Broad-Leaved Deciduous
2 Needle-Leaved Deciduous
3 Broad-Leaved Evergreen
4 Needle-Leaved Evergreen
5 Dead
6 Deciduous
7 Evergreen

MODIFIERS

In o rder to mo re adequately describe the wetland and deepwater habitats, one o r mo re o f the water regime, water chemistry, so i l, o r
special mo difiers may be applied at the class o r lo wer level in the hierarchy.

W at er Regime
N o nt ida l

S a lt wa t e r T ida l

Spec ial Modifiers

W at er Chemis t ry
H a linit y/ S a linit y

F re s hwa t e r T ida l

Soil

pH M o dif ie rs f o r
F re s h Wa t e r

A Tempo rarily Flo o ded

L Subtidal

S Tempo rarily Flo o ded- Fresh Tidal

b B eaver

1 Hyperhaline / Hypersaline

a A cid

g Organic

B Seas o nally Sat urat ed

M Irregularly Expo s ed

Q R egularly F lo o ded-F res h T idal

d P art ly D rained/ D it c hed

2 Euhaline / Eus aline

t C irc umneutral

n Mineral

C Seaso nally Flo o ded

N Regularly Flo o ded

R Seaso nally Flo o ded-Fresh Tidal

f Farmed

3 Mixohaline / M ixo saline (B rackish)

i Alkaline

D Co ntinuo usly Saturated

P Irregularly Flo o ded

E Seas o nally Flooded /
Saturated

m Managed

4 Polyhaline

h D ik ed/ Im po unded

5 Mesohaline

r A rtificial Substrate

6 Oligo haline

F Semipermanently Flo o ded

s Spo il

0 Fresh

G Intermittently Expo sed

x Excavated

H P ermanently Flo o ded
J Intermittently Flo o ded
K A rtificially Flo o ded
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T Semipermanently Flo o ded-Fresh Tidal
V P erm anent ly F lo o ded-F res h T idal

Appendix 2 Washington State Department of Ecology Credit / Debit Calculator

Focus on Wetlands
Shorelands and Environmental Assistance Program

The Credit/Debit Method for
Estimating Needs in Compensatory
Wetland Mitigation
The Credit/Debit Method (Calculating Credits and Debits for
Compensatory Mitigation in Wetlands) is used to calculate if
mitigation actions will replace the functions and values lost at a
wetland that is filled or damaged. It is based on the 2004 wetland
rating systems for western and eastern Washington (Ecology
publications #04-06-025, #04-06-015) and was the basis for the 2014
versions of the rating system (Ecology publications #14-06-029 and
#14-06-030). It includes new concepts in managing our wetlands that
emerged since the 2004 rating system was published.
The wetland rating system provides numeric scores for wetland
functions. These scores, however, cannot be directly used to estimate
how much compensatory mitigation is needed (see the Focus Sheet
Using the Wetland Rating System in Compensatory Mitigation,
Ecology publication #08-06-009). The Credit/Debit Method was
developed to meet this need. The questions used to rate functions in
the Credit/Debit Method are the same as those in the 2014 rating
system, and it provides the same level of scientific rigor.

Scoring
The Credit/Debit Method generates a score for a wetland ranging
from 1-9 for each of three wetland functions that are valuable to
society. These are:
• Improving water quality,
• Reducing flooding and erosion, and
• Providing habitat for plants and animals.
This score is based on three aspects of each function. These are the:
• Potential of the site to provide the function,
• Potential of the landscape to maintain each function at the
site scale, and
• Value each function has for society.
The ‘currency’ for comparing the functions lost when a wetland is
impacted to the functions gained through mitigation is called an
‘acre-point.’

Publication Number: 10-06-013
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February 2016
MORE INFORMATION
The Credit/Debit Method
provides one tool for
determining the adequacy of
compensatory wetland
mitigation. It does not set any
new regulatory requirements.
The Credit/Debit Method is
suitable only for freshwater
vegetated wetlands as defined
by state and federal delineation
manuals.
The Method is considered a
rapid assessment that still
provides scientific rigor.

Webpages
Credit/Debit Method:
http://www.ecy.wa.gov/program
s/sea/wetlands/mitigation/credi
tdebit/index.html
Mitigation Resources:
http://www.ecy.wa.gov/program
s/sea/wetlands/mitigation/index
.html

Contact Information
Amy Yahnke
360-407-6527
amy.yahnke@ecy.wa.gov

Accommodation Requests
To request ADA
accommodation, including
materials in a format for the
visually impaired, call Ecology
at 360-407-6600.
Persons with impaired hearing
may call Washington Relay
Service at 711. Persons with
speech disability may call TTY
at 877-833-6341.

07/10; rev. 02/16

February 2016

Shorelands and Environmental Assistance Program
You calculate the loss of functions at the site that will be impacted by
multiplying its score for each function by the size of the impact. This is
called a Debit. You calculate the gain in functions at a mitigation site
by multiplying the increase in each function score that can be expected
when the mitigation site is finished by the area of the mitigation. This
is called a Credit.
For example, someone proposed to fill 2 acres of a wetland that scores
6 points for habitat. This generates a basic mitigation requirement
(Debit) of 12 acre-points for habitat (2 acres impacted x 6 points for
habitat function). The mitigation proposed will create a 6-acre wetland
with a habitat score of 3 points. This generates 18 acre-points of basic
mitigation credit (6 acres created x 3 points for habitat function).
These basic Debit and Credit calculations, however, need to be
modified to account for the loss of functions during the time it takes a
mitigation site to fully develop its functions (called temporal loss), and
for the possible risk that the mitigation project will not fully succeed.
So, in the example above the 6 acres of mitigation may still not be
enough to fully replace the functions lost.
Addressing Temporal Loss

Definitions
Acre-points - the currency for
comparing the functions lost to
the functions gained.
Debits - the acre-points of the
functions lost in the wetland
being impacted. The
calculations of Debits are
adjusted to account for the
losses in functions during the
time it takes a mitigation site
to fully develop its functions
(called temporal loss).
Credits -The gains in acrepoints for functions that result
from the mitigation activities.
The calculations of Credits are
adjusted to account for the
risk that a mitigation project
will not fully succeed (risk of
failure). The starting ratio to
account for the risk of failure is
1.5:1.

Scientific studies have shown that it may take many decades to fully develop the functions at a mitigation
site. As a result, there is a net loss of function between the time an impact occurs and when a mitigation
site provides functions. The temporal loss of functions is included in the calculations as a multiplier and
increases the number of Debits that need to be replaced. If, however, mitigation is done in advance, and
the functions already exist before impacts occur, the temporal loss factor is not included in the calculation
of Debits.
Addressing the Risk of Failure
Studies of compensatory mitigation indicate that some projects fail completely or are only partially
successful at replacing the loss of functions. Therefore, the risk of failure needs to be factored into the
calculation of how much mitigation is needed to achieve no net loss. The risk factor is included in the
calculations as a multiplier and reduces the number of Credits that can be generated at a site.
Studies prior to 2005 showed that about half of mitigation projects failed. Generally, the risk of failure
was compensated in permits by requiring more area of mitigation with a basic ratio of 2:1. Two acres of
mitigation were required for every acre of impact. Since 2005, several studies suggest that mitigation is
improving, and the rate of failure is closer to 25%. As a result, the risk of failure has been reduced in the
calculations. The basic ratio to account for the risk of failure is 1.5:1 instead of 2:1. When calculating the
Credits available through mitigation, this ratio can be further reduced to 1.2:1 if the mitigation plan
follows the guidance for choosing mitigation sites using a watershed approach (Selecting Wetland
Mitigation Sites Using a Watershed Approach for western and eastern Washington, Ecology Publications
#09-06-032 and #10-06-007).
A mitigation project is usually deemed adequate when its Credit scores
for the three functions are higher than the Debit scores for the impacts.
Publication Number: 10-06-013

2
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CORRELATING ENHANCED NATIONAL WETLANDS INVENTORY DATA
WITH WETLAND FUNCTIONS FOR WATERSHED ASSESSMENTS:
A RATIONALE FOR NORTHEASTERN U.S. WETLANDS

U.S. Fish & Wildlife Service
National Wetlands Inventory Program
Northeast Region
300 Westgate Center Drive
Hadley, MA 01035

Correlating Enhanced National Wetlands Inventory Data
with Wetland Functions for Watershed Assessments:
A Rationale for Northeastern U.S. Wetlands

Ralph W. Tiner
Regional Wetland Coordinator
U.S. Fish & Wildlife Service
Northeast Region
300 Westgate Center Drive
Hadley, MA 01035

October 2003

This publication should be cited as:
Tiner, R.W. 2003. Correlating Enhanced National Wetlands Inventory Data with Wetland
Functions for Watershed Assessments: A Rationale for Northeastern U.S. Wetlands. U.S. Fish
and Wildlife Service, National Wetlands Inventory Program, Region 5, Hadley, MA. 26 pp.

Table of Contents
Page
Background

1

Limitations of the Preliminary Wetland Functional Assessment

2

Rationale for Preliminary Functional Assessments

4

Surface Water Detention

4

Coastal Storm Surge Detention

6

Streamflow Maintenance

6

Nutrient Transformation

7

Retention of Sediments and Other Particulates

9

Shoreline Stabilization

11

Provision of Habitat for Fish and Other Aquatic Animals

11

Provision of Waterfowl and Waterbird Habitat

13

Provision of Other Wildlife Habitat

15

Conservation of Biodiversity

19

Summary

21

Acknowledgments

22

References

23

Background
The U.S. Fish and Wildlife Service has been conducting the National Wetlands Inventory for
over 25 years. The NWI Program has produced wetland maps for 91% (78% final) of the lower
48 states, all of Hawaii, and 35% of Alaska. Wetlands are classified according to the Service's
official wetland classification system (Cowardin et al. 1979). This classification describes
wetlands by ecological system (Marine, Estuarine, Lacustrine, Riverine, and Palustrine), by
subsystem (e.g., water depth, exposure to tides), class (vegetative life form or substrate type),
subclass, water regimes (hydrology), water chemistry (pH and salinity), and special modifiers
(e.g., alterations by humans). The maps have been converted to digital data for 47% of the lower
48 states and 18% of Alaska. The availability of digital data and geographic information system
(GIS) technology make it possible to use NWI data for various geospatial analyses.
In the 1990s, the NWI Program for the Northeast Region recognized the potential application of
NWI data for watershed assessments, but realized that other attributes would have to be added to
the data to facilitate functional analysis. Dr. Mark Brinson had recently developed a
hydrogeomorphic (hgm) approach to wetland functional assessment (Brinson 1993a). This
approach provided the impetus for developing other attributes to expand the NWI database and
make it more useful for functional assessment.
In the mid-1990s, a set of hgm-type descriptors were developed to describe a wetland's
landscape position, landform, and water flow path (Tiner 1995, 1996a,b). Use of the initial set of
keys for pilot watershed projects lead to a refinement and expansion of the keys in subsequent
years (Tiner 1997a, 2000, 2002, 2003). These projects were watershed characterizations that
included a preliminary assessment of wetland functions as a main component or the prime
component of the study. The reports addressed the following watersheds: Casco Bay (Maine;
Tiner et al. 1999), Nanticoke River (Maryland and Delaware; Tiner et al. 2000, 2001), Coastal
Bays (Maryland; Tiner et al. 2000), and Cannonsville and Neversink Reservoirs (New York;
Tiner et al. 2002), as well as the Pennsylvania Coastal Zone (Tiner and DeAlessio 2002).
In conducting these studies, we worked with local and regional wetland experts to develop
correlations between wetland characteristics recorded in the database and wetland functions (see
Acknowledgments for listing). The correlations reflect our best approximation of what types of
wetlands are likely to perform certain functions at significant levels based on the characteristics
we have in the wetland database. Conducting wetland assessments in other areas, especially in
arid, semiarid, and tropical regions, may identify other wetlands that need to be added to the
significance list for various functions.
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Limitations of the Preliminary Wetland Functional Assessment
Source data are a primary limiting factor. NWI digital data are used as the foundation for these
assessments. In some cases, the NWI data are derived by updating more detailed state wetland
data. Nonetheless, all wetland mapping has limitations due to scale, photo quality, date of the
survey, and the difficulty of photointerpreting certain wetland types (especially evergreen
forested wetlands and drier-end wetlands; see Tiner 1997c, 1999 for details).
Recognizing source data limitations, it is equally important to understand that this type of
functional assessment is a preliminary one based on wetland characteristics interpreted through
remote sensing and using the best professional judgment of various specialists to develop
correlations between wetland characteristics in the database and wetland functions.
Also, no attempt is made to produce a more qualitative ranking for each function or for each
wetland based on multiple functions as this would require more input from others and more data,
well beyond the scope of this type of evaluation. For a technical review of wetland functions,
see Mitsch and Gosselink (2000) and for a broad overview, see Tiner (1998).
Functional assessment of wetlands can involve many parameters. Typically such assessments
have been done in the field on a case-by-case basis, considering observed features relative to
those required to perform certain functions or by actual measurement of performance. The
preliminary assessments based on remotely sensed information do not seek to replace the need
for field evaluations since they represent the ultimate assessment of the functions for individual
wetlands. Yet, for a watershed analysis, basin-wide field-derived assessments are not practical,
cost-effective, or even possible given access considerations. For watershed planning purposes, a
more generalized assessment (level 1 assessment) is worthwhile for targeting wetlands that may
provide certain functions, especially for those functions dependent on landscape position,
landform, hydrologic processes, and vegetative life form. Subsequently, these results can be
field-verified when it comes to actually evaluating particular wetlands for acquisition purposes
(e.g., for conserving biodiversity or for preserving flood storage capacity) or for project impact
assessment. Current aerial photography may also be examined to aid in further evaluations (e.g.,
condition of wetland/stream buffers or adjacent land use) that can supplement the preliminary
assessment.
The functional assessment approach -"Watershed-based Preliminary Assessment of Wetland
Functions" (W-PAWF) - applies general knowledge about wetlands and their functions to
develop a watershed overview that highlights possible wetlands of significance in terms of
performance of various functions. To accomplish this objective, the relationships between
wetlands and various functions are simplified into a set of practical criteria or observable
characteristics. Such assessments may be further expanded to consider the condition of the
associated waterbody and the neighboring upland or to evaluate the opportunity a wetland has to
perform a particular function or service to society, for example.
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W-PAWF usually does not account for the opportunity that a wetland has to provide a function
resulting from a certain land-use practice upstream or the presence of certain structures or landuses downstream. For example, two wetlands of equal size and like vegetation may be in the
right landscape position to retain sediments. One, however, may be downstream of a landclearing operation that has generated considerable suspended sediments in the water column,
while the other is downstream from an undisturbed forest. The former should be actively
performing sediment trapping in a major way, whereas the latter is not. Yet if land-clearing
takes place in the latter area, the second wetland will likely trap sediments as well as the first
wetland. The entire analysis typically tends to ignore opportunity since such opportunity may
have occurred in the past or may occur in the future and the wetland is there to perform this
service at higher levels when necessary.
W-PAWF also does not consider the condition of the adjacent upland (e.g., level of disturbance)
or the actual water quality of the associated waterbody that may be regarded as important metrics
for assessing the health of individual wetlands. Collection and analysis of these data may be
done as a followup investigation, where desired.
It is important re-emphasize that the preliminary assessment does not obviate the need for more
detailed assessments of the various functions. This type of assessment should be viewed as a
starting point for more rigorous assessments, since it attempts to cull out wetlands that may
likely provide significant functions based on generally accepted principles and the source
information used for this analysis. This assessment is most useful for regional or watershed
planning purposes. For site-specific evaluations, additional work will be required, especially
field verification and collection of site-specific data for potential functions (e.g., following the
HGM assessment approach as described by Brinson 1993a or other onsite evaluation
procedures). This is particularly true for assessments of fish and wildlife habitats and
biodiversity. Other sources of data may exist to help refine some of the findings of this report
(e.g., state natural heritage data). Additional modeling could be done, for example, to identify
habitats of likely significance to individual species of animals based on their specific life history
requirements (see U.S. Fish and Wildlife Service 2003 for Gulf of Maine habitat analysis).
Also note that the criteria used for the correlations were based on regional application of the
Service's wetland classification (Cowardin et al. 1979). Regional applications of this system
may differ slightly depending on regional priorities, level of field effort, and knowledge of
wetland ecology. Use of the correlations in other regions of the country therefore may require
some adjustment based on these considerations.
Through this analysis, numerous wetlands are predicted to perform a given function at a
significant level presumably important to a watershed's ability to provide that function.
"Significance" is a relative term and is used in this analysis to identify wetlands that are likely to
perform a given function at a level above that of wetlands not designated. It is also emphasized
that the assessment is limited to wetlands (i.e., areas classified as wetlands on NWI maps or
similar sources). Deepwater habitats and streams were not included in the assessment, although
their inherent value to wetlands and many wetland-dependent organisms is apparent.
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Rationale for Preliminary Functional Assessments
A maximum of ten functions may be evaluated: 1) surface water detention, 2) coastal storm
surge detention, 3) streamflow maintenance, 4) nutrient transformation, 5) sediment and other
particulate retention, 6) shoreline stabilization, 7) provision of fish and shellfish habitat, 8)
provision of waterfowl and waterbird habitat, 9) provision of other wildlife habitat, and 10)
conservation of biodiversity. The criteria used for identifying wetlands of significance for these
functions using the digital wetland database are discussed below. The criteria were initially
developed by the author of this report based on his knowledge of wetland characteristics and
functions. The draft criteria were then reviewed and modified for the subject watersheds based
on comments from wetland specialists working on specific watersheds in four Northeast states
(Maine, New York, Delaware, and Maryland). (Note: Criteria may need to be modified for other
regions of the country, although many are universally applicable.)
In developing a protocol for designating wetlands of potential significance, wetland size was
generally disregarded from the criteria, with few exceptions (i.e., other wildlife habitat and
biodiversity functions). This approach was followed because it was felt that individual agencies
and organizations using the digital database and charged with setting priorities should make the
decision on appropriate size criteria as a means of limiting the number of priority wetlands, if
necessary. There is no science-based size limit to establish significance for any function.
However, it is obvious that, all things being equal, a larger wetland will have a higher capacity to
perform a given function than a smaller one of the same type. The W-PAWF approach is
intended to produce a more expansive characterization of wetlands and their likely functions and
not to develop a rapid assessment method for ranking wetlands for acquisition, protection, or
other purposes.
The criteria for identifying different levels of potential significance can be modified in the future
based on additional peer review, application to other watersheds and regions, and field
evaluation. The proposed criteria are designed for wetlands in the Northeast, but many, if not
most, should be relevant nationwide. Some of the criteria, especially those addressing fish and
wildlife habitat, will need to be re-examined for individual watersheds, particularly when this
approach is applied to other regions of the country. Note that palustrine farmed wetlands have
not been identified as being significant for any function in the Northeast. Since they are tilled
cropland or cultivated cranberry bogs, farmed wetlands were viewed as severely degraded
wetlands that perform the specified functions at minimal levels. Consequently, they represented
sites where substantial gains in wetland functions may be achieved through restoration projects.
In other parts of the country, farmed wetlands may perform some wetland functions at significant
levels (e.g., farmed pothole wetlands in the Midwest or diked former tidelands in the Sacramento
River valley - important waterfowl habitat).
Surface Water Detention
This function is important for reducing downstream flooding and lowering flood heights, both of
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which aid in minimizing property damage and personal injury from such events. In a landmark
study on the relationships between wetlands and flooding at the watershed scale, Novitzki (1979)
found that watersheds with 40 percent coverage by lakes and wetlands had significantly reduced
flood flows -- lowered by as much as 80 percent -- compared to similar watersheds with no or
few lakes and wetlands in Wisconsin. Floodplain wetlands, other lotic wetlands (basin and flat
types), estuarine fringe wetlands along coastal rivers, and estuarine island wetlands in these
rivers provide this function at significant levels. At the present time, estuarine and marine rocky
shores are rated as high for this function, since they are usually narrow habitats and/or
intermixed with tidal flats. Perhaps this function should be limited to non-estuarine habitats,
with the water storage function of estuarine wetlands listed under coastal storm surge detention
and shoreline stabilization. Presently, estuarine and marine wetlands are recognized as important
areas for storing surface water, recognizing that it is tidal water that ebbs and flows.
Wetlands dominated by trees and/or dense stands of shrubs could be deemed to provide a higher
level of this function than emergent wetlands, since woody vegetation (with higher frictional
resistance) may further aid in flood desynchronization. However, emergent wetlands along
waterways provide significant flood storage, so no distinction is made regarding the type of
vegetative cover. Floodplain width could also be an important factor in evaluating the
significance of performance of this function by individual wetlands (e.g., for acquisition or
strengthened protection), but there is no scientifically based criterion for establishing a
significance threshold based on size.
Interfluve wetlands and drier-end wetlands (e.g., Lotic Flats) are rated as having moderate
potential. While Interfluve basins hold more water than Interfluve flats, no distinction was made
since they represent a single system that tends to be dominated by flats. Wetland size was not
considered, but it is obvious that size should make a difference in the amount of water stored.
Others interested in prioritizing wetlands for acquisition or protection may wish to identify a
minimum threshold for importance for this function or develop other criteria for prioritization
(e.g., treat small interfluve flats differently from small interfluve basins).
For this function, the following correlations are used:
High

Estuarine Fringe, Estuarine Basin, Estuarine Island, Lentic
Basin, Lentic Fringe, Lentic Island (basin and fringe),
Lentic Flat associated with reservoirs and flood control
dams, Lotic Basin, Lotic Floodplain, Lotic Fringe, Lotic
Island associated with Floodplain area, Lotic Island basin,
Marine Fringe, Marine Island, Ponds Throughflow (instream) and associated Fringe and Basin wetlands, Ponds
Bidirectional and associated wetlands, Terrene
Throughflow Basin
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Moderate

Lotic Flat, Lotic Island flat, Lentic Flat, Terrene Interfluve,
Other Terrene Basins, Other Ponds and associated wetlands
(excluding sewage treatment ponds and similar waters)

Coastal Storm Surge Detention
This function is listed separately from Surface Water Detention to highlight the importance of
tidal wetlands at storing tidal waters brought into estuaries by storms (e.g., Nor'easters, tropical
storms, and hurricanes). Estuarine and freshwater tidal wetlands are important areas for
temporary storage of this water. At the present time, estuarine and marine rocky shores that are
fringe types are rated as high for this function, since they are usually narrow habitats and/or
intermixed with tidal flats. Some nontidal wetlands contiguous to these wetlands (e.g., low-lying
terrene outflow basins - flatwoods) may also provide this function, but it was not possible to
predict the extent of such storage as this depends on storm intensity and frequency.
For this function, the following correlations are used:
High

Estuarine Basin, Estuarine Fringe, Estuarine Island,
Lotic Tidal Fringe, Lotic Tidal Island,
Lotic Tidal Floodplain, Marine Fringe

Streamflow Maintenance
Many wetlands are sources of groundwater discharge and some may be in a position to sustain
streamflow in the watershed. Such wetlands are critically important for supporting aquatic life
in streams. All wetlands classified as headwater wetlands are important for streamflow (e.g,
Terrene headwater wetlands, by definition, are sources of streams). These wetlands include lotic
wetlands along 1st-order streams and lentic wetlands associated with outflow lakes. Wetlands
along 2nd-order streams in mountainous areas may be classified as headwater wetlands as they
probably are sites of groundwater discharge. Ditched headwater wetlands are rated as
"Moderate," since this alteration typically results in faster release of water, thereby reducing the
period of outflow. Outflow from groundwater-fed wetlands (lacking a stream) may discharge
directly into streams and thereby contribute substantial quantities of water for sustaining
baseflows. These wetlands were rated as "Moderate" for this function. Lakes may also be
important regulators of streamflow, so lentic wetlands may be designated as significant to
streamflow, with those in headwater positions being rated "High" and others as "Moderate."
Floodplain wetlands are known to store water in the form of bank storage, later releasing this
water to maintain baseflows (Whiting 1998). Among several key factors affecting bank storage
are porosity and permeability of the bank material, the width of the floodplain, and the hydraulic
gradient (steepness of the water table). The wider the floodplain, the more bank storage given
the same soils. Gravel floodplains drain in days, sandy floodplains in a few weeks to a few
years, silty floodplains in years, and clayey floodplains in decades. In good water years, wide
sandy floodplains may help maintain baseflows. Despite these differences, the W-PAWF
6

assessment treats all floodplain wetlands similarly, since it is based on remote sensing and does
not include soil examinations.
For this function, the following correlations are used:
High

Nonditched Headwater Wetlands (Terrene, Lotic, and
Lentic), Headwater Ponds and Lakes (classified as
PUB...on NWI) (Note: Lotic Stream Basin or Floodplain
basin Wetlands along 2nd order streams should also be
rated high; possibly expand to 3rd order streams in hilly or
mountainous terrain.)

Moderate

Ditched Headwater Wetlands (Terrene, Lotic, and Lentic),
Lotic (Nontidal) Floodplain, Throughflow Ponds and Lakes
(classified as PUB on NWI) and their associated wetlands,
Terrene Outflow wetlands (associated with streams not
major rivers), Outflow Ponds and Lakes (classified as
PUB... on NWI)

Special Note: All these wetlands should be considered to also be important for fish and shellfish
as they are vital to sustaining streamflow necessary for the survival of these aquatic organisms.
Nutrient Transformation
All wetlands recycle nutrients, but those having a fluctuating water table are best able to recycle
nitrogen and other nutrients. Vegetation slows the flow of water causing deposition of mineral
and organic particles with adsorbed nutrients (nitrogen and phosphorus), whereas hydric soils are
the places where chemical transformations occur (Carter 1996). Microbial action in the soil is
the driving force behind chemical transformations in wetlands. Microbes need a food source -organic matter -- to survive, so wetlands with high amounts of organic matter should have an
abundance of microflora to perform the nutrient cycling function. Wetlands are so effective at
filtering and transforming nutrients that artificial wetlands are constructed for water quality
renovation (e.g., Hammer 1992). Natural wetlands performing this function help improve local
water quality of streams and other watercourses.
Numerous studies have demonstrated the importance of wetlands in denitrification. Simmons et
al. (1992) found high nitrate removal (greater than 80%) from groundwater during both the
growing season and dormant season in Rhode Island streamside (lotic) wetlands. Groundwater
temperatures throughout the dormant season were between 6.5 and 8.0 degrees C, so microbial
activity was not limited by temperature. Even the nearby upland, especially transitional areas
with somewhat poorly drained soils, experienced an increase in nitrogen removal during the
dormant season. This was attributed to a seasonal rise in the water table that exposed the upper
portion of the groundwater to soil with more organic matter (nearer the ground surface), thereby
supporting microbial activity and denitrification. Riparian forests dominated by wetlands have a
greater proportion of groundwater (with nitrate) moving within the biologically active zone of
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the soil that makes nitrate susceptible to uptake by plants and microbes (Nelson et al. 1995).
Riparian forests on well-drained soils are much less effective at removing nitrate. In a Rhode
Island study, Nelson et al. (1995) found that November had the highest nitrate removal rate due
to the highest water tables in the poorly drained soils, while June experienced the lowest removal
rate when the deepest water table levels occurred. Similar results can be expected to occur
elsewhere. For bottomland hardwood wetlands, DeLaune et al. (1996) reported decreases in
nitrate from 59-82 percent after 40 days of flooding wetland soil cores taken from the Cache
River floodplain in Arkansas. Moreover, they surmised that denitrification in these soils
appeared to be carbon-limited: increased denitrification took place in soils with more organic
matter in the surface layer.
Nitrogen fixation is accomplished in wetlands by microbial-driven reduction processes that
convert nitrate to nitrogen gas. Nitrogen removal rates for freshwater wetlands are very high
(averaging from 20-80 grams/square meter) (Bowden 1987). The following information comes
from a review paper on this topic by Buresh et al. (1980). Nitrogen fixation has been attributed
to blue-green algae in the photic zone at the soil-water interface and to heterotrophic bacteria
associated with plant roots. In working with rice, Matsuguchi (1979) believed that the
significance of heterotrophic fixation in the soil layer beyond the roots has been underrated and
presented data showing that such zones were the most important sites for nitrogen fixation in a
Japanese rice field. This conclusion was further supported by Wada et al. (1978). Higher
fixation rates have been found in the rhizosphere of wetland plants than in dryland plants.
Phosphorus removal is largely done by plant uptake (Patrick, undated manuscript). Wetlands
that accumulate peat have a great capacity for phosphorus removal. Wetland drainage can,
therefore, change a wetland from a phosphorus sink to a phosphorus source. This is a significant
cause of water quality degradation in many areas of the world including the United States, where
wetlands are drained for agricultural production. Hydric soils with significant clay constituents
fix phosphorus due to its interaction with clay and inorganic colloids. Reduced soils have more
sorption sites than oxidized soils (Patrick and Khalid 1974), while the latter soils have stronger
bonding energy and adsorb phosphorus more tightly.
From the water quality standpoint, wetlands associated with watercourses are probably the most
noteworthy. Numerous studies have found that forested wetlands along rivers and streams
(Ariparian forested wetlands@) are important for nutrient retention and sedimentation during
floods (Whigham et al. 1988; Yarbro et al. 1984; Simpson et al. 1983; Peterjohn and Correll
1982). This function by forested riparian wetlands is especially important in agricultural areas.
Brinson (1993b) suggests that riparian wetlands along low-order streams may be more important
than those along higher order streams.
Wetlands with seasonally flooded and wetter water regimes (including tidal regimes - seasonally
flooded-tidal, irregularly flooded, and regularly flooded) are identified as having potential to
recycle nutrients at high levels of performance. The soils of these wetlands should have
substantial amounts of organic matter near the surface that promote microbial activity and
denitrification when wet. Based on field observations, in general, there is a positive correlation
between the amount of organic matter and the degree of wetness as reflected by the NWI's water
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regime classification in wetlands of the Nanticoke River watershed in Delaware (Amy Jacobs,
pers. comm. 2003). Periodically flooded soils also retain sediments and their adsorbed nutrients.
Seasonally saturated wetlands are also rated as having high potential for this function. Most the
the groundwater flux from uplands to surface waters occurs in the non-growing season in the
Northeast and reasonable denitrification rates occur in spring and fall making sites that are wet
during these times important for nutrient retention (Art Gold, pers. comm. 2003). Permanently
saturated wetlands in nutrient-rich sites should also be rated as high for this function, whereas
wetlands with this hydrology in nutrient-poor areas are rated as moderate. The latter types are
nutrient-deficient habitats, yet they may have considerable potential for nutrient uptake should
more nutrients become available due to land use practices.
Wetlands with a temporarily flooded water regime including those in tidal environments
(temporarily flooded-tidal) are identified as having a moderate potential for performing this
function. Vegetated wetlands with a seasonally saturated water regime are also considered as
moderate, since they are usually wet longer during the non-growing season and for shorter
periods during the growing season.
Drainage through ditches or tiles can significantly reduce nutrient transformation by lowering the
water table below the zone of highest biological activity (Art Gold, pers. comm. 2003). Partly
drained wetlands that are listed as having wetter water regimes (i.e., C, E and F) should still
perform this function significantly (i.e., like their nondrained counterparts) since this function
appears positively correlated with water regime. Drained wetlands on the drier-end of the soil
moisture gradient (i.e., A and B water regimes) likely perform this function to a less degree and
are therefore rated as having moderate potential.
For this function, correlations are the following:
High

Vegetated wetlands (and mixes with nonvegetated wetlands or
unconsolidated bottom; even where nonvegetated predominates)
with seasonally flooded (C), seasonally flooded/saturated (E),
semipermanently flooded (F), semipermanently flooded-tidal (T),
seasonally flooded-tidal (R), irregularly flooded (P), regularly
flooded (N), and permanently flooded (H or L) water regimes,
vegetated wetlands with permanently saturated water regime (B;
not on the coastal plain or glaciolacustrine plains).

Moderate

Vegetated wetlands with seasonally saturated (B on the coastal
plain and on glaciolacustrine plains, e.g., Great Lakes Plain in
western New York), temporarily flooded (A) or temporarily
flooded-tidal (S) water regimes

Retention of Sediments and Other Particulates
Many wetlands owe their existence to being located in areas of sediment deposition. This is
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especially true for floodplain and estuarine wetlands. This function supports water quality
maintenance by capturing sediments with bonded nutrients or heavy metals (as in and
downstream of urban areas). Estuarine and floodplain wetlands plus lotic (streamside) and lentic
(lakeshore) fringe and basin wetlands including lotic (in-stream) ponds are likely to trap and
retain sediments and particulates at significant levels. Terrene throughflow basins should
function similarly. Vegetated wetlands will likely favor sedimentation over nonvegetated
wetlands and are therefore rated higher. Lotic flat wetlands are flooded only for brief periods
and less frequently than the wetlands listed above due to their elevation; they are classified as
having moderate potential for sediment retention. Throughflow (in-stream) ponds are rated as
"High," since they occur within the stream network. Other ponds may be locally significant in
retaining such materials, and are also designated as "Moderate." Interfluve flats are not rated as
potentially significant because they are level landscapes that do not appear to accumulate
substantial amounts of sediment from surrounding areas, whereas Interfluve basins are
depressional landscapes that likely collect sediments. The latter wetlands were rated as having
moderate potential. Bogs and rocky shores are not considered significant sites for sediment
retention and are therefore excluded from the list. Wetlands that are not flooded (e.g., seasonally
saturated flatwoods) are also not considered to perform this function at significant levels.
For this function, the following correlations are used:
High

Estuarine Basin (vegetated), Estuarine Fringe (vegetated
excluding rocky shores), Estuarine Island (vegetated),
Lentic Basin, Lentic Fringe (vegetated only), Lentic Island
(vegetated) Lotic Basin, Lotic Floodplain, Lotic Fringe
(vegetated), Lotic Island (vegetated), Throughflow Ponds
and Lakes (in-stream; designated as PUB... on NWI) and
associated vegetated wetlands, Bidirectional Ponds and
associated vegetated wetlands, Terrene Throughflow Basin
and Interfluve Basin

Moderate

Estuarine Basin (nonvegetated), Estuarine Fringe
(nonvegetated excluding rocky shore), Estuarine Island
(nonvegetated, excluding rocky shore), Lotic Island
(nonvegetated), Lotic Flat (excluding bogs), Lotic Tidal
Fringe (nonvegetated), Lentic Flat, Marine Fringe
(excluding rocky shore), Marine Island (excluding
rocky shore), Other Terrene Basins (excluding bogs),
Other Terrene Interfluve Basins, Terrene wetlands
associated with ponds (excluding excavated ponds; also
excluding bogs and slope wetlands), Other Ponds and
Lakes (classified as PUB... on NWI) and associated
wetlands (excluding bogs and slope wetlands)
(Note: Users might want to considerremoving certain types
of ponds from this category, such as ponds with minimal
watersheds - possibly gravel pit ponds, impoundments
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completely surrounded by dikes,and dug-out ponds with
little surface water inflow.)
Shoreline Stabilization
Vegetated wetlands along all waterbodies (e.g., estuaries, lakes, rivers, and streams) provide this
function. Vegetation stabilizes the soil or substrate and diminishes wave action, thereby
reducing shoreline erosion potential. There is less wave or erosive action along pond shores, so
vegetated shoreline wetlands along ponds are designated as "Moderate." Marine and estuarine
rocky shores form stable shorelines in several parts of the country. Consequently, they are rated
as "High" for this function, except where these wetland types are islands that are inundated
completely at times. In the latter situation, they are not shoreline features fringing an upland.
For this function, the following correlations are used:
High

Estuarine wetlands (vegetated except island types), Estuarine
Rocky Shore (excluding island types), Marine Rocky Shore
(excluding island types), Lotic wetlands (vegetated except island
and isolated types), Lentic wetlands (vegetated except island
types)

Moderate

Terrene vegetated wetlands associated with ponds (e.g., Fringepond, Flat-pond, and Basin-pond)

Provision of Fish and Shellfish Habitat1
The assessment of potential habitat for fish and shellfish is based on generalities that could be
refined for particular species of interest by others at a later date if desireable. Regional and local
variations will need to be accounted for on a watershed-by-watershed basis. The criteria selected
below are useful for the Northeast and many may be applicable nationwide, but they should be
re-examined for each project watershed to ensure accuracy and completeness. Although focused
on fish and shellfish, wetlands identified as significant for these species are likely also
significant for other aquatic-dependent species such as muskrat, turtles, and numerous frogs.
For tidal areas, the assessment emphasizes palustrine and riverine tidal emergent wetlands,
unconsolidated shores (tidal flats), and estuarine wetlands. For nontidal regions, palustrine
aquatic beds and semipermanently flooded wetlands are ranked higher than seasonally flooded
types due to the longer duration of surface water. Palustrine forested wetlands along streams
(lotic stream wetlands) are recognized as important for maintaining fish and shellfish habitat
since their canopies help moderate water temperatures and their leaf litter provides food for
aquatic organisms (e.g., aquatic invertebrates) that sustain juvenile and some adult fishes. Many
ponds (excluding wastewater ponds, for example) and the shallow marsh-open water zone of
1

This assessment is focused on wetlands, not deepwater habitats, hence the exclusion of the latter from this analysis,
despite widespread recognition that rivers, streams, ponds, and impoundments are the primary habitats for fish and
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impoundments are identified as wetlands having moderate potential for fish and shellfish habitat.
Those associated with semipermanently flooded wetlands were listed as "High" since they are
important nursery grounds and feeding grounds for adults of some species.
Other wetlands providing significant fish habitat may exist, but are not identified. Such wetlands
may be identified based on actual observations or culled out from site-specific fisheries
information that may be available from other sources. Moreover, all wetlands that are significant
for the streamflow maintenance function could be considered vital to sustaining the watershed's
ability to provide in-stream fish and shellfish habitat. While these wetlands may not be
providing significant fish and shellfish habitat themselves, they support base flows essential to
keeping water in streams for aquatic life. Terrene outflow wetlands and Lotic basin wetlands
along low order streams (e.g., orders 1-2 in Coastal Plain and 1-3 in hilly or mountainous terrain)
often discharge cool groundwater to streams which keeps these streams cooler in summer. Such
wetlands are important for providing summer refuges for trout and other coldwater species,
especially in warm climate regions (Francis Brautigam, pers. comm. 2003). Other wetlands
along waterbodies provide food that supports aquatic organisms that are an important part of the
diet of juvenile and some adult fishes.
For this function, the following correlations are used:
High

Estuarine Emergent Wetland (including mixtures with other
types where Emergent is the dominant class), Estuarine
Unconsolidated Shore, Estuarine Intertidal Reef,
Estuarine Aquatic Bed, Estuarine Intertidal Rocky Shore,
Lacustrine Semipermanently Flooded (excluding wetlands along
intermittent streams), Lacustrine Littoral Aquatic Bed, Lacustrine
Littoral Unconsolidated Bottom/Vegetated Wetland, Lacustrine
Littoral Vegetated Wetland with a Permanently Flooded water
regime, Marine Aquatic Bed, Marine Intertidal Rocky Shore,
Marine Intertidal Unconsolidated Shore, Marine Intertidal Reef,
Palustrine Semipermanently Flooded (excluding wetlands along
intermittent streams; must be contiguous with a permanent
waterbody such as PUBH, L1UBH, or R2/R3UBH), Palustrine
Aquatic Bed, Palustrine Unconsolidated Bottom/Vegetated
Wetland, Palustrine Vegetated Wetland with a Permanently
Flooded water regime, Palustrine Tidal Emergent Wetland with N,
R, T, or L water regimes (excluding "R" wetlands where EM5 is
only dominant), Ponds (PUBH.. on NWI; not PUBF) associated
with Semipermanently Flooded Vegetated Wetland, Riverine Tidal
Emergent Wetland, Riverine Tidal Unconsolidated Shore
(excluding those with an "S" water regime)

Moderate

Estuarine Wetlands where Forested or Scrub-Shrub Wetland is
mixed with Emergent Wetland, Palustrine Tidal Forested or
Scrub-Shrub Wetland mixed with Emergent Wetland having a
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R or T water regime, Lentic wetlands that are PEM1E, Lotic River
or Stream wetlands that are PEM1E (including mixtures with
Scrub-Shrub or Forested wetlands), Semipermanently flooded
Phragmites wetlands (PEM5F) where contiguous with a permanent
waterbody, Other Ponds and associated Fringe wetlands (i.e.,
Terrene Fringe-pond) (excluding industrial, stormwater
treatment/detention, similar ponds in highly disturbed landscapes,
and ponds with K and F water regimes)
Important for
Stream
Shading
Lotic Stream wetlands that are Palustrine Forested or Scrub-shrub
wetlands (includes mixes where one of these types predominates;
excluding those along intermittent streams; also excluding shrub
bogs) (Note that although forested wetlands are designated as
important for stream shading, forested upland provide similar
functions)
Local

Lake Champlain example: Seasonally flooded Lentic wetlands
(along Lake Champlain - important spawning areas in spring)

Provision of Waterfowl and Waterbird Habitat
Wetlands designated as important for waterfowl (e.g., ducks, geese, mergansers, and loons) and
waterbirds (e.g., wading birds, shorebirds, rails, marsh wrens, and red-winged blackbirds) are
generally those used for nesting, reproduction, or feeding. The emphasis is on the wetter
wetlands and ones that are frequently flooded for long periods. The criteria for selection should
be re-examined for each watershed as there may be regional and local differences in habitat
requirements that need to be accounted for. The criteria listed below should, however, be useful
for most of the country.
The selected wetlands include estuarine wetlands (vegetated or not), riverine emergent wetlands,
estuarine and riverine unconsolidated shores (excluding temporary flooded-tidal), palustrine tidal
and riverine tidal emergent wetlands (including emergent/shrub mixtures), semipermanently
flooded wetlands, mixed open water-emergent wetlands (palustrine and lacustrine), and aquatic
beds. Marine rocky shores are rated as having "High" since sea ducks, mergansers, and loons
feed extensively in such areas (George Haas, pers. comm. 2003). Phragmites-dominated
wetlands are listed as "Moderate" when they are contiguous to a permanent waterbody; those
that are flooded either regularly flooded (N) in tidal areas or semipermanently flooded (F) in
nontidal areas are designated as "High" since they provide excellent escape cover and night
roosting cover (George Haas, pers. comm. 2003). For this analysis, palustrine tidal scrubshrub/emergent wetlands and tidal forested/emergent wetlands were designated as having
moderate significance for these birds. Similar mixed wetlands dominated by emergent species,
however, are listed as having high significance, since the emergents typically represent wetter
conditions. Ponds were considered to have moderate potential for providing waterfowl and
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waterbird habitat.2 Phragmites-dominated wetlands were listed as having moderate potential for
they receive some use by waterfowl and waterbirds.
Other wetlands that may be significant principally for wood duck are identified. Since wooded
streams are particularly important for them, seasonally flooded lotic wetlands that are forested or
mixtures of trees and shrubs (excluding those along intermittent streams) are designated as
wetlands with significant potential for use by this species. Similar seasonally flooded-tidal
wetlands bordering oligohaline estuarine wetlands may also be important for wood duck as well
as for providing shelter from winter storms for overwintering black ducks. Recognize that
wetlands listed as having high potential for waterfowl and waterbird habitat also include some
types important to wood ducks (e.g., semipermanently flooded lotic shrub/emergent wetlands);
their value to wood ducks has not been highlighted given that they were already designated as
having high potential for waterfowl and waterbirds.
Seasonally flooded emergent wetlands (including mixtures with shrubs) were not designated as
potentially significant for waterfowl and waterbirds. Field checking of these types may reveal
that some are freshwater marshes that provide significant habitat; they should then be added to
database as wetlands of significance for this function. Although palustrine forested wetlands
along freshwater tidal rivers and streams were designated as important for wood duck, similar
wetland behind estuarine wetlands were not identified as significant. These wetlands need
further evaluation by local waterfowl experts as we recognize that forested wetlands provide
important shelter for overwintering black ducks during coastal storm events, but are uncertain as
to the role played by this subsset of forested wetlands.
For this function, the following correlations were used:
High

Estuarine Aquatic Bed, Estuarine Emergent wetlands
(excluding Phragmites-dominated wetlands; including
mixtures with other vegetated types, e.g., EM/SS),
Estuarine Unconsolidated Shore (except S water regime),
Estuarine Intertidal Reef, Lacustrine Semipermanently
Flooded, Lacustrine Littoral Aquatic Bed, Lacustrine
Littoral Vegetated wetlands with an H water regime,
Lacustrine Unconsolidated Shores (F, E, or C water
regimes; mudflats), Marine Aquatic Bed, Marine Intertidal
Reef, Marine Unconsolidated Shore, Marine Rocky Shores,
Palustrine Semipermanently Flooded and Semipermanently
Flooded-Tidal (excluding Phragmites stands, but including
mixtures containing this species - EM5), Palustrine Aquatic
Bed, Palustrine Vegetated wetlands with a H water regime,

2

Ponds on wildlife management areas (e.g., refuges) should be considered to be of high significance due to their
management. Since we do not presently have the location of refuges recorded in our digital database, these ponds
may not be separated from the rest of the ponds. Hence, all ponds except industrial, commercial, stormwater
detention, wastewater treatment, and similar ponds, are designated as having moderate potential for this function.
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Palustrine Unconsolidated Shores (F, E, or C water
regimes; mudflats), Seasonally Flooded/Saturated
Palustrine wetlands impounded or beaver-influenced (all
vegetation types [except PEM5Eh and PEM5Eb] and
associated PUB waters), Lotic River or Stream
wetlands that are PEM1E (including mixtures with ScrubShrub or Forested wetlands), Ponds associated with
Semipermanently Flooded Vegetated wetlands,
Palustrine Tidal Emergent wetlands (PEM1R and
PEM1T and mixes with other EM and with SS and FO;
excluding wetlands where EM5 is the only EM), Riverine
Tidal Emergent wetlands, Riverine Tidal Unconsolidated
Shores (except with S water regime), Ponds associated with
all of the above wetland types
Moderate

Phragmites wetlands that are Seasonally Flooded/Saturated
and wetter (PEM5E; PEM5F; PEM5H, and PEM5R) and
contiguous with a waterbody, Phragmites-dominated
Estuarine Emergent wetlands and contiguous to a
waterbody, Seasonally Flooded-Tidal Palustrine Wetland
where EM is the subordinate mixed class (e.g.,
PFO1/EM1R), Other Lacustrine Littoral Unconsolidated
Bottom, Other Palustrine Unconsolidated Bottom
(excluding industrial, commercial, stormwater detention,
wastewater treatment, and similar ponds), Palustrine
Emergent wetlands (including mixtures with Scrub-shrub)
that are Seasonally Flooded and associated with
permanently flooded waterbodies

Significant for
Wood Duck Lotic wetlands (excluding those along intermittent streams)
that are Forested or Scrub-shrub or mixtures of these types
with C, E, F, R, or H water regime; Lotic wetlands that are
mixed Forested/Emergent or Unconsolidated
Bottom/Forested with a E, F, R, or H water regime;
Palustrine Tidal Forested or Scrub-shrub wetlands (and
mixes with other types like the Lotic types) in estuarine
reach with R or L water regime
Provision of Other Wildlife Habitat
The provision of other wildlife habitat by wetlands was evaluated in general terms. Speciesspecific habitat requirements were not considered. The criteria listed below are designed for the
Northeast and many should be useful nationwide, but habitat requirements for regional and local
wildlife need to be considered on a watershed-by-watershed basis for best results.
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In developing an evaluation method for wildlife habitat in the glaciated Northeast, Golet (1972)
designated several types as outstanding wildlife wetlands including: 1) wetlands with rare,
restricted, endemic, or relict flora and/or fauna, 2) wetlands with unusually high visual quality
and infrequent occurrence, 3) wetlands with flora and fauna at the limits of their range, 4)
wetlands with several seral stages of hydrarch succession, and 5) wetlands used by great
numbers of migratory waterfowl, shorebirds, marsh birds, and wading birds. Golet subscribed to
the principle that in general, as wetland size increases so does wildlife value, so wetland size was
important factor for determining wildlife habitat potential in his approach. Other important
variables included dominant wetland class, site type (bottomland vs. upland; associated with
waterbody vs. isolated), surrounding habitat type (e.g., natural vegetation vs. developed land),
degree of interspersion (water vs. vegetation), wetland juxtaposition (proximity to other
wetlands), and water chemistry.
For this analysis, wetlands important to waterfowl and waterbirds are identified in a separate
assessment (see above) and rare wetlands are addressed in the function called "conservation of
biodiversity" (see following subsection). Emphasis for assessing "other wildlife" was placed on
conditions that would likely provide significant habitat for other vertebrate wildlife (mainly
herps, interior forest birds, and mammals). Opportunistic species that are highly adaptable to
fragmented landscapes are not among the target organisms, since there seems to be more than
ample habitat for these species now and in the future. Rather, animals whose populations may
decline as wetland habitats become fragmented by development are of key concern. For
example, breeding success of neotropical migrant birds in fragmented forests of Illinois was
extremely low due to high predation rates and brood parasitism by brown-headed cowbirds
(Robinson 1990). Newmark (1991) reported local extinctions of forest interior birds in Tanzania
due to fragmentation of tropical forests. Fragmentation of wetlands is an important issue for
wildlife managers to address. Some useful references on fragmentation relative to forest birds
are Askins et al. (1987), Robbins et al. (1989), Freemark and Merriam (1986), and Freemark and
Collins (1992). The latter study includes a list of area-sensitive or forest interior birds for the
eastern United States. The work of Robbins et al. (1989) is particularly relevant to the Northeast
as they addressed area requirements of forest birds in the Mid-Atlantic states. They found that
species such as the black-throated blue warbler, cerulean warbler, Canada warbler, and blackand-white warbler required very large tracts of forest for breeding. Table 1 lists some areasensitive birds for the region. Ground-nesters, such as veery, black-and-white warbler, wormeating warbler, ovenbird, waterthrushes, and Kentucky warbler, are particularly sensitive to
predation which may be increased in fragmented landscapes. Robbins et al. (1989) suggest a
minimum forest size of 7,410 acres to retain all species of the forest-breeding avifauna in the
Mid-Atlantic region.
The analysis identifies two basic wetland types with potential for providing highly significant
habitat for other wildlife: 1) large wetlands (> 20 acres) regardless of vegetative cover but
excluding pine plantations, and 2) smaller diverse wetlands (10-20 acres with multiple cover
types). These two categories cover most wetlands along stream corridors that connect large
wetland complexes. In addition to these wetlands, large clusters of small wetlands located
within a forest matrix are also recognized as having high potential for wildlife habitat as well as
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vegetated wetlands connected to other vegetated wetlands by forests. The remaining vegetated
wetlands are designated as having moderate potential significance for providing wildlife habitat.
Please note that in general, ponds are not listed as important as significant for "other wildlife."
Wildlife species living in ponds, such as several species of frogs and turtles, are mentioned in the
discussion of fish and shellfish habitat, since wetlands designated as important for fish and
shellfish are provide required habitat for these species.
High

Large vegetated wetlands (>20 acres, excluding open
water, nonvegetated areas, and pine plantations), small
diverse wetlands (10-20 acres with 2 or more covertypes;
excluding EM5 or open water as one of the covertypes),
areas with large numbers of small isolated wetlands (within
an upland forest matrix and including small ponds that may
be vernal pools)

Moderate

Other vegetated wetlands

Given the general nature of this assessment of "other wildlife habitat," other individuals may
want to refine this assessment in the future by having biologists designate "target species" that
may be used to identify important wildlife habitats in a particular watershed. After doing this,
they could identify criteria that may be used to identify potentially significant habitat for these
species in the watershed. Dr. Hank Short (U.S. Fish and Wildlife Service, retired) compiled a
matrix listing 332 species of wildlife and their likely occurrence in wetlands of various types in
New England from ECOSEARCH models (Short et al. 1996) that he developed with Dr. Dick
DeGraaf (U.S. Forest Service) and Dr. Jay Hestbeck (U.S. Fish and Wildlife Service).3 DeGraaf
and Rudis (1986) summarized habitat, natural history, and distribution of New England wildlife.
Much of what is in the ECOSEARCH models comes from this source. These sources may be
useful starting points for determining relationships between wildlife and wetlands.

3

Copies of the matrix can be obtained by contacting R. Tiner (address on title page).
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Table 1. List of some area-sensitive birds for forests of the Mid-Atlantic region. (Source:
Robbins et al. 1989).

Species

Area (acres) at which
probability of occurrence
is reduced by 50%

Neotropical Migrants
Acadian flycatcher
Blue-gray gnatcatcher
Veery
Northern parula
Black-throated blue warbler
Cerulean warbler
Black-and-white warbler
Worm-eating warbler
Ovenbird
Northern waterthrush
Louisiana waterthrush
Canada warbler
Summer tanager
Scarlet tanager

37
37
49
1,280
2,500
1,700
543
370
15
494
865
988
99
30

Short-distance Migrants
Red-shouldered hawk

556

Permanent Residents
Hairy woodpecker
Pileated woodpecker

17
408
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Conservation of Biodiversity
In the context of this assessment, the term "biodiversity" is used to identify wetlands that may
contribute to the preservation of an assemblage of wetlands that encompass the natural diversity
of wetlands in a given watershed. Four types of wetlands may be identified: 1) certain wetland
types that appear to be scarce or relatively uncommon in the watershed, 2) individual wetlands
that possess several different covertypes (i.e., naturally diverse wetland complexes), 3)
complexes of large wetlands, and 4) regionally unique or uncommon wetland types. The first
two categories may include some wetlands that are human-impacted (e.g., impounded,
excavated, timber harvested) or created; they support an uncommon wetland type and have been
included as significant from our broad perspective. Some investigators may not consider such
wetlands to be worth highlighting for "biodiversity" because they are the result of human actions
and may not be viewed as reflecting "natural" conditions. Users can make their own decisions
on how to regard these findings.
Schroeder (1996) noted that to conserve regional biodiversity, maintenance of large-area habitats
for forest interior birds is essential. As mentioned previously, Robbins et al. (1989) suggest a
minimum forest size of 7,410 acres to retain all species of the forest-breeding avifauna in the
Mid-Atlantic region. Consequently, forested areas 7,410 acres and larger that contained
contiguous palustrine forested wetlands and upland forests were designated as important for
maintaining regional biodiversity of avifauna in the Mid-Atlantic Region based on
recommendations by Robbins et al. (1989). This criterion will be applied throughout the
Northeast as no comparable data are available for other areas of the region. A few large
wetlands in a watershed (e.g., possibly important for interior nesting birds and wide-ranging
wildlife in general) and wetlands that are uncommon types (based on NWI mapping
classification and not on Natural Heritage Program data) may also be identified as significant for
biodiversity. The size of the "large" wetlands is variable depending on the distribution of size
classes in a watershed, but they should typically be larger than 100 acres. All riverine and
palustrine tidal wetlands and estuarine oligohaline vegetated wetlands are identified as
significant for this function because they are often possess some of the most diverse wetland
plant communities in the Northeast. We also identified other specific wetland types of particular
interest to biodiversity. Phragmites-dominated wetlands are generally excluded from the listing
except in urban areas where large stands (e.g., New Jersey Meadowlands) are recognized as
significant natural habitats.
Use of Natural Heritage Program data and GAP data have been suggested, but use of these data
are beyond the scope of our remotely sensed approach to wetland functional analysis.
Consequently, wetlands designated as potentially significant for biodiversity by the W-PAWF
assessment are simply a starting point or a foundation to build upon. Local knowledge of
significant wetlands and Natural Heritage Program data can be applied by others to further refine
the list of wetlands important for this function for specific geographic areas.
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The following are examples of wetlands viewed as potentially significant for the conservation of
biodiversity in the Northeast:
Regionally
Significant

Locally
Significant
(possibly)

Estuarine oligohaline vegetated wetlands (excluding Phragmitesdominated)
Riverine tidal emergent wetlands (including tidal flats that are often
colonized by nonpersistent plants during the growing season)
Palustrine tidal emergent wetlands (excluding Phragmites-dominated)
Palustrine tidal scrub-shrub wetlands
Atlantic white cedar swamps
Calcareous fens
Bald cypress swamps
Eelgrass beds
Lotic fringe wetlands
Areas with clusters of vernal pools
Headwater seep wetlands?
Rare plant habitats
Forested wetland-forested upland complexes >7410 acres in size

Urban wetlands
Shrub bogs
Mussel reefs
Oyster reefs
Larch swamps
Northern white cedar swamps
Hemlock swamps
Estuarine emergent wetlands (some areas)
Lentic fringe wetlands (EM/AB and AB/EM wetlands)
Uncommon types based on Inventory results
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Summary
The U.S. Fish and Wildlife Service is attempting to add descriptors for landscape position,
landform, and water flow path to its wetland digital database in the Northeast when updating
NWI maps and digital data. When combined with typical NWI attributes from Cowardin et al.
1979 (system, subsystem, class, subclass, water regime, and special modifiers), the database
contains many properties for each wetland that can be used to produce a preliminary assessment
of wetland functions for large geographic areas. The focus of these analyses is on watersheds
which are important land planning units for a number of agencies and organizations, but the
same procedures can be applied to other land units such as counties or physiographic regions.
The subject report provides the rationale for the criteria used to identify wetlands of potential
significance for ten functions. These functions include: 1) surface water detention, 2) coastal
storm surge detention, 3) streamflow maintenance, 4) nutrient transformation, 5) sediment and
other particulate retention, 6) shoreline stabilization, 7) provision of fish and shellfish habitat, 8)
provision of waterfowl and waterbird habitat, 9) provision of other wildlife habitat, and 10)
conservation of biodiversity.
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Appendix 4 NWI+ Wetlands GIS Attributes

Attribute
Acres
BSS
CAR
CSS
FAIH
NT
OWH
SM
SR
SWD
WBIRD
UWPC
System
Subsystem
Class1
Subclass1
Class2
Subclass2
Water_Regime
Special_Modifier
SalinityModifier
pHModifier
SoilModifier
Habitat
Vegetated
OpenWater
Tidal
Landscape
Landscape2
Landscape3
Landform
Landform2
WaterFlowPath
OtherModifiers
Drained
Discharge
Headwater
TideRestricted
Waterbody

NWI+ Wetlands GIS Attributes
Combination of Corwardin Attribute System
Wetland Function Potential (High/Moderate/Regionally Signficant)
Bank Shoreline Stabilization
Carbon Sequestration
Coastal Storm Serge Retention
Fish and Aquate Invertebrate Habitat
Nutrient Transformation
Other Wildlife Habitat
Streamflow Maintainance
Sediment and Other Particulate Retention
Surface Water Detention
Waterfowl and Waterbird Habitat
Unique, Uncommon, or Highly Diverse Wetland Plant Communities

Direct from the Corwardin Classification System; see attached documentation

Not all accounted for in the Corwadin System
a (Acid) t (Circumneutral) i (Alkaline)
g (Organic) or n (Mineral)
Wetland (less than 8.2 ft), Deepwater Habitat, Cranberry Bog, or Farmed Wetland

Main landscape
sub types within Landscape
sub types within Landscape

0/1
0/1
0/1
Road or other
0/1

OldCode
LLWW_SyntaxError
LLWW_LogicalError
LLWW_Code
Shape_Length
Shape_Area

Old Corwardin Attribute System

