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Assessment of Wetland Functions
This standard is issued under the fixed designation E 1983; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope continuous efforts to develop new and improved methods that

1.1 This guide covers assisting wetland managers by presould override any one recommended standard procedure.
scribing a sequence of steps for defining and assessing wetlangl-5 The values stated in inch-pound units are to be regarded
functions. This guide also identifies properties that must b&s the standard. The Sl units given in parentheses are for
considered in the selection of a wetland assessment proceddfgormation only.
to determine whether it will assist in satisfying the require- 1.6 This standard does not purport to address all of the
ments of wetland regulatory programs or produce valid desiggafety concerns, if any, associated with its use. It is the
criteria for planned wetlands, or both. This guide can helpeSponsibility of the user of this standard to establish appro-
wetland managers use existing assessment procedures mé¥éate safety and health practices and determine the applica-
effectively during the decision-making process. The outcom@llity of regulatory limitations prior to use.
of the assessment is dependent on many factors including trke
selected procedure, the sampling design, and assumptions; L
therefore, decisions and assumptions made should be docu-2-1 Definitions: .
mented throughout the process. While this guide is developed 2-1.1 wetland assessment procedune—a definitive proce-
to assist in satisfying the requirements of wetland regulatorflure for identifying, characterizing, or measuring the functions
programs, it can also be used in a variety of planningthat @ wetland performs, or a combination thereof.
management, and educational situations. .2.1._2 wetland functions n.—the physical, phem|cal, and

1.2 The guide is not intended for use in assigning values t,9|ol_og|cal processes or attributes that contribute to the self-
wetland functions in terms of economic (for example, dollarsyMaintenance of wetland ecosyster(®) and (7). Wetland
or other value units. However, the information that is gatheredunctions result directly from the characteristics of a wetland
while assessing wetland functions may be useful in meetin§C0System and the surrounding landscape and their interaction.
this objective when used in conjunction with other information 2-1.2.1 Discussior—A wetland function is distinguished
(for example, see Refd)? and (2)). from wetlanq value. Wetland functions are a dlrept result of the

1.3 This guide applies to assessment procedures designgaaracterlstlcs of a Wetlgnd and the surrounding Ia}ndscape.
for application at the ecosystem scale. It does not address tfe@mples of functions include the removal of dissolved
less commonly used landscape level models or the use §tPstances, cycling of nutrients, maintenance of plant and
wetland assessment procedures for cumulative impacts ana/@imal communities, and short-term storage of surface water.
sis (3-5). hese functions provide benefits, goods, and services which

1.4 Limitations—This guide does not include a standard May be assigned a value (economic or noneconomic) describ-

wetland assessment procedure or models for assessing furl@d the relative importance of a wetland function to an
tion. This guide has been written primarily to complement andndividual or group of people. The values of wetlands are
to aid in the selection of current procedures. There are sever§ftimates, usually subjective, of the worth, merit, quality, or
procedures for quantifying wetland functions and each ha¥mportance of wetland function). _

been developed for specific purposes. The suitability of a 2-2 Definitions of Terms Specific to This Standafdest of
procedure depends on assessment objectives, wetland typa€ following definitions are from Ref®) and (10).
availability of applicable models given the wetland type and 2-2-1 assessment model—a simple model that defines the

objectives, and policy of local decision makers. There ard€lationship between ecosystem and landscape scale variables
and functional capacity of a wetland; it is used to derive a
measure of functional capacity (that is, the functional capacity
1 This specification is under the jurisdiction of ASTM Committee E50 on index).
Environmental Assessment and is the direct responsibility of Subcommittee E50.02
on Commercial Real Estate Transactions.
Current edition approved Nov. 10, 1998. Published February 1999.
2 The boldface numbers given in parenthesis refer to a list of references at the end
of the text.
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2.2.2 conceptual desigmn—a design that provides a brief techniques in a given subject area and to provide information
description of the planned wetland through drawings and textrom which subsequent evaluation and standardization can be
which confirms feasibility and facilitates early review by derived.
decision makers. 2.3.2 practice—a definitive procedure for performing one

2.2.3 functional capacityn—the magnitude or rate at which O more specific operations or functions that does not produce
a wetland performs a function. Functional capacity is dictated® test result. o
by the characteristics of the wetland ecosystem and the 2-3.2.1Discussior—A practice is not a downgraded test
surrounding landscape, and the interaction between the two method. Examples of practices include procedures of interlabo-

2.2.4 functional capacity index (FCJ)n—an index of the ratory testing programs or other statistical procedures; for

capacity of a wetland to perform a function relative to otherWriting statement on sampling or precision and accuracy; and
pacity P for selection, preparation, application, inspection, and neces-

from 0.0 to 1.0. An index of 1.0 indicates that a wetland - 1on o and operation of testing equipment.

' ". . : X . . 2.3.3 standard—as used in ASTM, a document that has
performs a function at maximum functional capacity. An !ndexbeen developed and established within the consensus principles
of 0.0 |nd|cat_es the Weﬂcjind dges not perform the function. of the Society and that meets the approval requirements of

2.2.5 functional capacity units (FCsj—a measure of the agTMm procedures and regulations.
capacity of a wetland to perform a function that links func- 2 3.3.1 Discussior-The term “standard” serves in ASTM
tional capacity with areaHC = FCI X size of wetland area). as an adjective in the title of documents such as test methods
2.2.6 planned wetlandn—design or an implemented design or specifications, to connote specified consensus and approval.
for a constructed, created, restored, or enhanced wetland. The various types of standard documents are based on the
2.2.7 variable, n—an attribute or characteristic of a wetland Needs and usages as prescribed by the technical committees of
ecosystem or the surrounding landscape that influences tfige Society.
capacity of a wetland to perform a function; used in assessme%t S f Guid
models to derive a measure of functional capacity (that is, thé" ummary 9 L_“ € ) )
functional capacity index). Variables may be described by 3-1 This guide is summarized in Table 1, that shows the
direct measures or indicators. A direct measure is a quantitativ@€ps in defining and assessing wetland functions and the
measure of an assessment model variable. An indicator is a&¥fctions of this guide that apply.

observable characteristic that corresponds to identifiable vari- 3-2 The remainder of this guide identifies properties to
able conditions in a wetland or the surrounding landscape. consider when selecting a procedure or models, and a summary

of existing procedures (see Section 7). Appendix X1 describes
2'2'8 wetland assessment area (WAA’)_the wetlan_d area  ihe specific application of wetland assessment to planned
being assessed. In regulatory situations, the WAA will usuall

Y,
2 : . wetlands.
be jurisdictional wetlands confined to the area of direct or

indirect impact or both. 4. Significance and Use

2.2.9 wetland classificationn—the grouping of wetlands 4 1 \wetland managers may be aware of wetland assessment
into different categories based on specific criteria (that is rocedures, but not use them as effectively as possible for a
vegetation type, hydrology, geomorphology) for the purpose o{;ariety of reasons. There is no one universally accepted
inventory, assessment, and management. procedure; therefore, time is often lost to identifying and

2.2.9.1 Discussior—There are several wetland classifica- agreeing upon a suitable approach. The absence of guidance
tion schemes including the Classification of Wetlands and

Deepwater Hablta.t.S Of_ the United Stat@d) and the hydro- TABLE 1 Suggested Steps in the Assessment of Wetland
geomorphic classificationfl2). Each has been prepared for Functions
different purposes. One or more of these classifi_cations may be Steps Rules
used in the process of assessing wetland functions. Characterization Phase: 6.2
2.3 Additional Terminology—Fhe following definitions and Define objectives of the assessment 6.2.1
; : : ' : « Select functions 6.2.2
discussions, taken dlrectIy“ from the. publlcat!on Fprm and Do e project area 6.2.4
Style for ASTM Standards,” shall be included in full in every  identify wetland assessment area(s) 6.2.6
standard guide or practice produced and passed by Committee Screen for red flags 6.2.7
E-50 or any of its technical subcommittees; approved April 16, yenification of Assessment Approach: 6.3
1997. Identify, modify, or develop assessment models 6.3.1
2.3.1 guide—a series of options or instructions that do not ~ Se'ect the units of measure 632
recommend a specific course of action. Assessment Phase 6.4
2311 Dlscys§|on—Whereas a practice prescribes a 9€N-,alysis Phase: 6.5
eral usage principle, a guide only suggest an approach. The Types of comparisons 6.5.1
purpose of a guide is to offer guidance, based on a consensus Other criteria to consider when comparing wetland 6.5.5

of viewpoints, but not to establish a fixed procedure. A guide js  2°°¢s°ment areas

intended to increase the awareness of the user to availabte
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describing the sequence of steps to assessing wetland functioois creation, or enhancement or preservation of an existing
causes confusion and delays the decision-making processetland to compensate for wetland impacts. Several ap-
Only recently has guidance been published by the U.S. Armyproaches to mitigation may be considered and compared at this
Corps of Engineer§9). time including in-kind, out-of-kind, on-site, off-site, and miti-

4.1.1 This guide shows the person(s) performing an assesgation banking. Whichever option is chosen, the mitigation
ment the steps to assess wetland functions. This guide algwoject is later assessed (during Step 7) to determine whether
provides a summary of the variety of procedural options forthe function-based objectives have been met in the conceptual
measuring function, and includes a list of properties to consideplans or the completed planned wetland, or both.
when selecting an appropriate procedure. 4.3.2.1 Many states and local governments have adopted

4.2 Situations Requiring Assessment of Wetlandregulatory wetland statutes which set forth procedures for
Functions—While this guide is developed to assist in satisfy- permit applications similar to the federal Section 404 program
ing the requirements of wetland regulatory programs, it carsee review in Ref13)). The need to assess wetland functions
also be used in a variety of planning, management, ang similar, but specific requirements may differ depending upon
educational situations. _ N _ the individual state program.

4.3 Rapid Assessment for Section 404 Permigti&pction 4.3.2.2 Mitigation Banking—One option for meeting any
404 of the Clean Water Act (33 U.S.C. 1324jrects the U.S.  compensatory mitigation requirements is to use a mitigation
Army Corps of Engineers, in cooperation with the U.S.pank. Mitigation banking is wetland restoration, creation, or
Environmental Protection Agency (EPA), to administer agphancement undertaken expressly for the purpose of provid-
program for permitting and regulating the discharge of dredge¢hg compensation credits for wetland losses from future
or fill materials in waters of the United States, including geyvelopment activities. A wetland assessment procedure can be
wetlands. A permit application undergoes a public interesiseq to asses the loss of functions at an impact site, to assess
review that includes an assessment of the impacts the proposgghctions to date at the mitigation bank, and to determine the
project will have on wetland functions. number of credits (expressed in terms of functional capacity or

4.3.1 An assessment may be performed during one or morg:reage, or both) that must be purchased at the mitigation bank
of the following steps of the review sequence that are pregy compensate for the impacts.

scribed in the U.S. EPA 404(b)(1) Guidelines (40 CFR Part
230y

4.3.1.1 Step +—Determine whether the proposed project is
water dependent.

4.3.1.2 Step 2-Determine whether practicable alternatives
exist for the proposed project.

4.3.1.3 Step 3—Identify the potential impacts of the pro-
posed project on wetland functions in terms of project specifi
and cumulative effects.

4.3.1.4 Step 4—Identify how potential project impacts can
be avoided or minimized in terms of project-specific and
cumulative effects.

4.3.1.5 Step 5—Determine appropriate compensatory miti-

4.3.3 Other Applications—There are a variety of non-
regulatory situations where there is a need to assess wetland
function. A rapid wetland assessment procedure that is appro-
priate for the Section 4@4rogram could be used, but time and
resources may also allow for more detailed analyses.

4.3.3.1 Advanced Identification (ADIB}Advanced Identi-
éication is a planning process authorized by Section 404
regulations (40 CFR Part 230.8@hat allows the U.S. EPA, in
cooperation with the U.S. Army Corps of Engineers and state
and local agencies, to collect information on the functions of
the wetlands in selected study areas. The agencies evaluate the
information to determine which wetlands in the ADID study
gation for unavoidable project impacts. area should be protected from potential fill activities or which

4.3.1.6 Step 6-Grant or deny a permit to discharge dreolgedcould serve as future disposal sites. This information is used by
or fill material by comparing the value of the benefits gainedthe agencies in the review of Section 404 permit applications,

from the proposed project versus the value of benefits lost frorﬁy local commumUe; for land-use management, a'nq.by envi-
the proposed project. ronmental organizations for wetland protection activities.

4.3.1.7 Step 7—If a permit is granted, monitor compensa- 4.3.3.2 RestoratiOH—Wet!and restoration refers to the re-
tory mitigation. turn of a wetland from a d|sturbe_d or altered condition by the

4.3.2 Wetland functions are assessed during Step 2 tgaestabhs_hmgnt of one or more |nd|cat<_)rs of wetland.hydrol—
compare impacts of practicable alternatives and to identify?d¥: hydric soil, and hydrophytic vegetation. There are increas-
which is least damaging. During Steps 3 and 4, wetland"d efforts to restore wetlands, many of which do not require
functions are assessed to identify and then determine how R€'Mits. The restoration goals may be broadly defined in terms
avoid or minimize project-specific and cumulative impacts.Of wetland type or functions, or both. Wetland assessment
Wetland functions are assessed in Step 5 to determine whBfocedures can be used to define and measure the achievement
constitutes appropriate compensatory mitigation for unavoid®f function-based goals.

able impacts. Compensatory mitigation is wetland restoration 4.3.3.3 Resource ManagemenriVetlands are resources that
are managed by different government agencies, private orga-

nizations, or individual landowners for different purposes.
Wetlands can be managed at site-specific (for example, water
3 Title 33, United States Code, Chapter 26, Section 1344: “Permits for Dredge(’eve| and weed control management of waterfowl impound-
or Fill Material.”

4 Title 40, Code of Federal Regulations, Part 230: Section 404(b)(1) Guidelinegnent).v watershed, or even Iarger scales (fOI’ example, a North
for Specification of Disposal Sites for Dredged or Fill Material. American Waterfowl Management Plan, an agreement adopted
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by the United States and Canada to manage waterfowl habitétllowing list of general functions is a starting point for
(14)). A wetland assessment procedure can be used to defigentifying what kinds of functions a wetland performs. This
and monitor the achievement of management objectives. Fdist and definitions are taken or modified or both, from R@&fs
example, the assessment of a degraded wetland can be pand (18). Other lists are available in individual wetland
formed at the site-specific scale to reveal what characteristicgssessment procedures (refer to Section 7) and other publica-
need modification to enhance wildlife habitat. The habitattions (for example Ref19) and (20)).

could be altered and later reevaluated to determine if the 5.1 1 Functions Related to Hydrologic Processes

mi”?%einve\zlmt Obﬁcé'/\’;S havel bslen QChfﬁ\]’ ed. | 5.1.1.1 Short-Term Storage of Surface Watefhe capabil-
" t. t t‘f“ ers te eglonal (;annlﬂg _ter:]r_e aret ser\]/e(;a ity of a wetland to detain or slow surface water or both for short
state niiatives 10 manage land-use within Watersheds Ofqjngs of time. When water is detained in the wetland,

regions. A wetland assessment procedure can be used wnstream peak discharge and flood volume are reduced
provide an inventory of wetlands within a watershed/region, to o
prioritize these wetlands for land-use decisions, and to identify 5.1.1.2Long-Term Storage_of Surface WateThe capabil-

wetlands for acquisition, protection, development, or restoraly Of @ wetland to temporarily store surface water for long

tion. Landscape level or ecosystem level assessment procBriods of time (for example, one week or longer). When water

dures, or both, may be used. At least two states have developé?jretained in.a wetland, the volume_of flood water transported_
and are testing new landscape-level procedures that use Gdipwnstream is d_ecreased. The retalned_ water supports aquatic
graphic Information System (GIS) data (for example, R6Js vertebrates and _|n\_/ertebrates and contributes to other ecologi-
and (15). The assessment of landscape level functions i§@! Processes within the wetland.
limited by the data available in the GIS format. Greater 5.1.1.3 Storage of Subsurface WateiThe availability of
accuracy may be obtained through the application ofstorage for water beneath the wetland surface. The storage, that
ecosystem-level assessment procedures; however, assessind’&tomes available with periodic drawdown of the water table,
or most of the wetlands within a designated area is morénay be the result of vertical and lateral drainage or evapotrans-
time-consuming. The New Hampshire Meth(ib) and Indi-  piration, or both. This storage helps to recharge surficial
cator Value Assessme(it7) were developed for this purpose, aquifers and maintain base flow and seasonal flow in streams.
but other procedures may also be suitable. The EPA hakhe periodic drainage results in a fluctuation between aerobic
developed a Synoptic Approach as a proposed method f@nd anaerobic conditions. This fluctuation benefits the recruit-
assessing cumulative impacts and making comparisons b@ient, survival, and competitiveness of wetland plant species
tween landscape subunits, such as watersheds, ecoregionsaod sustains conditions necessary for microbially mediated
counties(3)(4). biogeochemical cycling.

4.3.3.5 Swampbuster Conversion of Wetlaneid/etlands 5.1.1.4 Moderation of Ground Water Flow or Discharge
are managed under the Wetland Conservation (Swampbusterhe capability of wetland to moderate the rate of ground water
Provisions of the 1985 Food Security Act as amended by thiow or discharge from upgradient sources or from ground
1996 Farm Bill. The Farm Bill allows exemptions to be grantedwater discharge within the wetland. This moderation in flow
for conversion of wetlands where such conversions havénaintains ground water storage, base flow, seasonal flows, and
minimal effect on wetland functions and values, or wheresurface water temperatures. Flows of subsurface water into the
impacts are compensated through mitigation actions. Wetlan@ietland in late fall or early spring sustain warmer soil
assessment procedures can be used to measure the effectsephperatures resulting in a longer growing season for biologi-
proposed conversions or mitigation actions on wetland funccal activity and other wetland functions.

tions, or both. 5.1.1.5 Dissipation of Energy-The capability of a wetland

5. Function of Wetlands to reduce the energy of water as it moves through, into, or out
. . . of the wetland. The reduction in the energy of moving water
5.1 Wetlands perform a variety of functions at dlfferentmay result in reduced shoreline and floodplain erosion, im-

SC"?"eS of complexity. These functloqs are difficult to charac, roved surface water quality, and decreased downstream peak
terize because they represent a wide range of scales fro lscharge

microscopic chemical reactions to landscape size changes In ) ) .

climate or environment. By compartmentalizing the activities °-1-2 Functions Related to Biogeochemical Processes

that take place in a wetland into individual functions, one 5.1.2.1Cycling of Nutrients—The conversion of elements
actually makes value judgments about the important process&@®m one form to another through abiotic and biotic processes.
in wetlands. For example, nitrogen removal is a function whichNutrient cycling is accomplished through plant uptake and
can be considered a subset of more complex functions such &glease, a process by which nutrients are adsorbed and assimi-
nitrogen cycling and nutrient cycling. A wetland would prob- lated into living plant tissue and released with litter production.
ably have a different functional capacity index if the assessBY cycling nutrients, wetlands maintain sufficient nutrients to
ment model was designed to assess general wildlife habit&Upport living biomass and detrital stocks. Nutrient cycling
rather than if the model was designed to assess anadromo@kso reduces downstream particulate loading which helps to
fish habitat or habitat for amphibians. However, it is notmaintain or improve surface water quality.

practicable to assess all wetland functions at all levels of 5.1.2.2 Removal of Elements and Compour€dkhe re-
complexity. The functions that are assessed should be selectatbval of nutrients, contaminants, or other elements and
on the basis of wetland type and assessment objectives. Tlsgempounds on a short- or long-term basis through burial,
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incorporation into biomass, or biochemical reactions. In addi6. Steps for Assessing Wetland Functions

tion to providing benefits on-site, this removal also reduces g 1 The phases outlined in 6.2 through 6.5 and discussion in
downstream Ioadmg which helps to maintain or improveg 3 5 5re modified from the Hydrogeomorphic (HGM) Ap-
surface water quality. proach(9), (21). Changes have been made in order to increase
5.1.2.3 Retention of Particulates-The deposition and re- flexibility and incorporate concepts from other approaches.
tention of organic and inorganic particulates from the watemMany steps, particularly the identification of the assessment
column, primarily through physical processes such as sedimempproach, require critical decisions. These decisions should be
tation. When particulates are retained in the wetland, downmade by a team of experts. The term will differ in each case,
stream loading is reduced; this helps to maintain or improvébut may include wetland scientists from appropriate federal,
surface water quality. state, and local agencies as well as from the private sector and
5.1.2.4 Export of Organic Carbor-The export of dissolved academia. The decisions and assumptions may affect the final
and particulate organic carbon from the wetland througHPuctome of the assessment. For this reason, these decisions
leaching, flushing, displacement, erosion, and other mechghould be agreed upon between the assessors and users of the
nisms. The removal of organic carbon from living biomass,esults (for example, regulator) and also be documented
detritus, and soil organic matter contributes to the decomposfhroughout the process.
tion and mobilization of metals within the wetland. The 6.2 Characterization Phase-The following baseline infor-
exported organic carbon also provides support for aquatic foofation must be gathered during the characterization phase
webs and biogeochemical processing downstream from thefore proceeding with the assessment.
wetland. 6.2.1 Define Objectives of the Assessmebiescribe the
5.1.3 Functions Related to Habitat proposed project, purpose, and objectives. Decide which wet-
5.1.3.1 Maintain Characteristic Plant CommunityThe land assessment ?fea(s) are to be compa_red and the nur_n.ber of
comparisons required. Predictions regarding future conditions

maintenance of a plant community that is characteristic with ay also be necessary. Therefore, it is important to define the

:ﬁ;%ee(:tet; t?gfcgzni%@ﬁqorsg:f’igeasndﬁf’\%?gﬁe‘;hartgcéﬁczt;gso& e period for which the wetlands are being assessed (for
9 ' P 9y xample, predicted future conditions of planned wetland two

webs; prowdef hab'.tat lfqr nesttmg, rﬁstlng,trzezugz; prowdl ears after construction). The three categories of objectives
escape cover lor animals, create rougnness that reduces velgez, 4o documenting existing conditions, comparing different

ity qf ﬂoqd _waters; and provide organic _"_‘a“er for nUt_”entwetlands at the same point in time, or comparing wetland(s) at
cycling within the wetland. Plant communities also provide agigerent points in time. For example, a simple objective for an
source of propagules to help maintain species composition Qljiernative analysis may be to compare two wetland assessment
adjacent areas and migratory pathways between habitats.  5rea5 (WaAAs) in order to determine which project location will
5.1.3.2 Maintain Spatial Structures of HabitatThe capac- have the least impact. A more complex objective would be to
ity of a wetland to support animal populations and guilds bycompare a restored or enhanced wetland site. In this case, the
providing a heterogeneous habitat. Structure provides potentighpact area would be assessed for both future with-project and
feeding, resting, and nesting sites for vertebrates and invertéature without-project conditions. An independent assessment
brates within the wetland. The structure of the wetland alsavould then be performed for the enhancement area and its
provides habitat for wide-ranging and migratory animals and @redicted future conditions, both with and without the enhance-
corridor for gene flow between separated populations. ment project. Finally the gains from the enhancement project
5.2 Wetlands provide benefits, goods, and services that amould be compared to the losses associated with the impact. As
considered values, but sometimes referred to as functiongrojects become more complicated and involve several wet-
While these are not functions, wetland managers may choodands, itis important that the objectives be described in specific
to evaluate these aspects of the wetland. Examples include tf@'ms to avoid any misunderstanding and unnecessary work.

following: 6.2.2 Select Functions-Select the functions to be assessed
5.2.1 Recreatior—Providing recreation sites for fishing, On the basis of wetland type, the assessment objectives, the
hunting, and observing wildlife, nature of the project, and expected impacts.
5.2.2 Open Space and Aesthetic ValueBroviding open 6.22.1 There is no standard set of\_/vetland func_tions that are
space for visual enjoyment, applicable to all wetland types. Applicable functions can be

selected from existing assessment models or redefined, or both.
portunities for nature observation and scientific study In general, a.suite of represgntative wetland functions.should
) ) ) R o be assessed in order to provide a more complete description of
5.2.4 Historical or Archeological SignificaneeContaining 5 \wetland area. Depending upon the assessment objectives,
properties of historical or archeological significance, and  powever, a limited number or even one function may be
5.2.5 Timber Productior-Providing timber resources for selected. For example, if the sole purpose of a wetland
private or commercial uses. restoration project is to provide wildlife habitat, assessment
5.3 The preceding list (5.1.1 through 5.2.5) is not allmay be limited to that single function.
inclusive. Not all wetlands perform these functions and values; 6.2.3 Each function should be assessed and considered
additional functions may be appropriate given a specificseparately in the decision-making process. However, in more
wetland type and other factors. complex projects, decision makers may choose to use of a

5.2.3 Education and ResearehProviding educational op-
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grand score that combines the measures of each function for a6.2.5.14 Keep time for map preparation to a minimum by
wetland. If functions are to be combined, pertinent regulatoryusing existing maps or modifying as needed, or both. Multiple
agencies and other decision makers should agree upon whichaps, or overlaps keyed to a base map, may be practical
functions will be combined and how. Caution is advised(examples provided in R€fL6).)
(particularly for options 6.2.3.3 and 6.2.3.4) since no guidance 6.2.6 Identify Wetland Assessment Area{gjlentify wet-
is available, and the combined results could be subject ttands within the project area using a chosen wetland definition,
question. In summary, the possible options include: for example, the jurisdictional wetlands in a regulatory situa-
6.2.3.1 Consider each function separately. tion. The project area may contain one WAA; however, in some
6.2.3.2 Develop scores for the major function categorie$@Ses, itmay be large and encompass several wetland areas that
(for example, hydrologic processes, biogeochemical processddnction differently. These WAAs are identified on the basis of
and habitat) which are derived from the weighted or nonWetland classification, physical separation, and potential
weighted totals of FCs for functions in each category. project !mpacts. The criteria for identifying WAAs will differ
6.2.3.3 Develop a grand score that represents a total numb (repe_ndlng upon the se_lected assessment proc_ed_ure _(re_fer to
of functional capacity units. (See definition in 6.3.2.3.) ection 7) and local policy. Possible criteria for distinguishing

| q | th ioh WAAs are difference in wetland classification, physical sepa-
6.2.3.4 Develop a grand total that represents a weightefljo, ang differences in predicted project impacts.

total of functional capacity units, where multiplying factors are 6.2.7 Screen for Red FlagsRed flags are features of a

used to emphasize the more important functions. wetland or the surrounding landscape to which special recog-
6.2.4 Describe the Project Area-Describe the project area nition or protection is assigned on the basis of objective

and surrounding landscape with a narrative and map(s). Théiteria. The recognition or protection may occur at a federal,

narrative should include: state, regional, or local level, and may be official or unofficial
6.2.4.1 Project name and location, (21) (refer to Table 2). These features are identified to
6.2.4.2 Nature of the proposed project, determine whether the area will require special consideration
6.2.4.3 Assessment objectives, prior to or during the assessment of wetland functions.

d 6.3 Identification of Assessment Approach

6.2.4.4 Classification of wetlands (use National Wetlan ) :
( 6.3.1 Identify, Modify, or Develop Assessment Mogels

Inventory (NWI)(11) and hydrogeomorphi 2) classification, ! X
v v ( )(11) yerog phii2) classification There are a variety of assessment models from which to choose

or other classifications as needed), and that are contained in existing procedures (see Section 7)
6.2.4.5 Description of characteristics of the wetland ecosys;: gp '

assessment, (for example, climate, landform and geomorphlg
setting, hydrology, vegetation, soils, land use, ground Wate{i
features, surficial geology, urban areas, potential impacts, a riteria to be considered are listed in Table 3. Users of this
red-flag features (see 6.2.7)). i guide should note that some of the procedures cited are no
~6.2.5 The map(s) shall be prepared to a scale suitable fQpnger acceptable to all resource agencies. It is critical to
illustrating the following information, as appropriate: determine in advance which procedures are acceptable.
6.2.5.1 Project area boundaries, property lines, and other 6.3.1.1 Decide whether to use the assessment models with-
relevant political boundaries, out change, modify and then use the assessment models, or
6.2.5.2 Topographic contour lines in the project area and
surrounding landscape, TABLE 2 Red Flag Features (9)

6.2.5.3 Infrastructure (fOI’ examp|e' roads, fences, bu"dingSAreas protected under American Indian Religious Freedom Act
Hazardous waste sites identified under CERCLA or RCRA

railroad grades, and b”dges)- Areas protected by a Coastal Zone Management Plan
6.2.5.4 Surface water features (fOf examp|e, streams, riverglreas providing critical habitat for species of special concern

. Areas covered under the Farmland Protection Act
Iakes, ponds, and Sprlngs)' Floodplains, floodways, or floodprone areas

6.2.5.5 Hydraulic structures (for example, weirs, culverts,Areas of high public use

n. Review these to determine which are most appropriate.

Areas with structure/artifacts of historic or archeological significance
gates’ pumps, and Ievees), Areas protected under the Land and Water Consergation lgund Act
6.2.5.6 Seasonal water table elevations, Areas protected by the Marine Protection Research and Sanctuaries Act
. National Wildlife Refuges
6.2.5.7 Soil type(s), Native lands ¢
6.2.5.8 Plant communities, Areas identified in the North American Waterfowl Management Plan
. Areas identified as significant under the RAMSAR Treaty
6.2.5.9 Jurisdictional Wetlands, Areas supporting rare or unique plant communities

6.2.5.10 Location of wetland impacts (potential and relevantireas designated as sole source groundwater aquifers
prior impacts) Areas protected by the Safe Drinking Water Act

Special management areas

6.2.5.11 Wetland assessment area(s), State or national pﬁrks 4 or end )
. Areas supporting threatened or endangered species
6.2.5.12 North arrow (true north), legend or key, and dis-areas with unique geological features

tance scale, Areas protected by the Wild and Scenic Rivers Act
. . . . . Areas protected by the Wilderness Act
6.2.5.13 Title block .Wlth the' project name, ImlesugatorsiWetlands that have been restored, created, or converted
dates, and sources of information, and,
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TABLE 3 Criteria to Consider When Identifying Modifying, or
Developing Assessment Models,

Criteria

Specific Considerations

Wetland type

Functions

Geographic area

Assessment situation

Comparison of different
wetland types

Acreage

Is the model applicable to the wetland type(s)? An
existing model describing one wetland type may be
suitable, require minor modifications, or be
unsuitable.

Is there a model for each of the pertinent functions?

Is the model applicable to the geographic area (for
example, ecoregion, state, watershed)? Define the
geographic region or context, and determine
whether the model is appropriate. Minor or major
modification may be required to ensure that the
model is calibrated to the defined region.

Is the model applicable to the assessment situation,
(for example, watershed planning, regulatory action,
management, use as guide to wetland design)?

Is there a need to compare different wetland types?
Note that when models are calibrated to describe
particular wetland types within a region, it is
inappropriate and meaningless to compare different
wetland types. Choose models that will facilitate a
comparison, if needed, or decide on how
comparisons can be made.

How does the model consider wetland acreage?
Does or can the resulting measure of functional
capacity incorporate acreage? Note that the
assessment results are often used to make
decisions regarding wetland function and acreage.
For example, in permit actions it is necessary to
define not only the functional capacity of the
mitigation wetland, but also the acreage required to
compensate for wetland impacts.

and functional capacity units (FCs) to be consistent with the
HGM Approach developed by the U.S. Army Corps of Engi-
neers(9) (and similar indices used in the New Hampshire
Method (16), Evaluation for Planned Wetland%0), Indicator
Value Assessmen(l?), Index of Biological Integrity(24),
Water Quality Index25), Wetland Rapid Assessment Method
(26), and Habitat Evaluation Proceduf22).

6.3.2.1 Afunctional capacity index (FCI) is an index of the
capacity of a wetland to perform a function relative to other
wetlands within a defined region or wetland class, or both. The
index of 0.0 indicates that the wetland does not perform the
function. An index of 1.0 indicates that the wetland is perform-
ing a function at maximum functional capacity. It is possible
for an FCI to exceed 1.0.

_ functional capacity of a wetland assessment area
- maximum functional capacity @

FCI

The meaning of maximum functional capacity varies depend-
ing upon the assessment model, and whether it defines a
standard of comparison (reference). Many assessment models
simply define a maximum for wetlands, in general, and the
standard of comparison is implied but not defined. In contrast,
models being developed following the HGM Approach pro-
duce an FCI that measures the capacity of a wetland relative to
reference standards. Reference standards are the conditions
exhibited by a group of reference wetlands that corresponds to
the highest level of functioning (highest sustainable functional
capacity) across the suite of functions performed by the
regional wetland subclag®). These reference standards are
established for wetlands within a defined geographic region
that belong to a single hydrogeomorphic subclass. The highest
level of functional capacity is assigned an index score of 1.0 by

develop new assessment models. Models may be developggyinition. Guidance for establishing the standard of compari-

using available _in_formation including best prof.e.ssional judg-gon (reference) following the HGM Approach is provided in
ment, expert opinion, published literature, empirical data, or 9) and 21).

combination thereof. The rationale for the assessment models

should be supported by the available information, particularly
if models from an established assessment procedure are n
being used. For guidance on developing, adapting, and calf:

brating assessment models, refe(@pand (17).

6.3.1.2 Select or develop the assessment models to a

6.3.2.2 The FCI is measured by using an assessment model.
I(:J)[dsting assessment models may be used and their results
onverted easily to FCls. For example, an index of 1.0 may be
considered equivalent to the" high” of a model that rates
&l_etland functions as low, moderate, or high, Numeric results of

H}odels using other scales (that is, 0 to 100) can also be

equately address the concerns of the decision makers. F
example, the U.S. Fish and Wildlife Service would likely be converted t?] th? 0 to 1'? scale.. : .
concerned that the habitat function models adequately addre?ﬁ?'g'z_'3 The functional capacity unit (FC) is measured as
fish and wildlife resource needs. The Service may specify thap oWs:
habitat function models be consistent with HEP?2) and FCs= FCI of a wetland area multiplied by size of wetland area
thoroughly address the necessary food, cover, water and @
breeding requirements of all terrestrial and aquatic specie$his measurement facilitates the comparison of different size
expected to utilize a particular habitat type. wetlands. For example, the results of an assessment may show
6.3.2 Select the Units of MeasuréWetland functions can that two wetlands have the same functional capacity index (for
be measured and expressed using quantitative (that is, intervekample, FCI = 0.7), suggesting that there is no difference
or ratio) or qualitative (that is, nominal or ordinal) sca(28). between them. A decision based solely on the FCI for these two
This guide recommends that the assessment models be usedaetlands could lead to erroneous conclusions, particularly if
express functions in terms of functional capacity index (FCl)the wetlands are different sizes (that is, Wetland A = one acre
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and Wetlad B = five acres). The index of the two wetlands alternatives analysis. The first alternative involves the loss of a
may be the same, but because of the size difference, the F@so-acre WAA with an FCI of 0.9 and FCs of 1.8, and the other
will differ (see explanation in 6.4.1.%). alternative involves the loss of a 20-acre WAA with an FCI of

6.4 Assessment PlaceApply the assessment models to 0-4 and FCs of 8.0. If the decision to select the last damaging
each wetland assessment area. Calculate and record the fuiernative is based strictly on FCI, the second alternative with
tional capacity indices (FCIs) and functional capacity unitsthe lowest FCI (lower quality) may be selected. However, if the
(FCs) for each function. Use care when predicting past oflecision is based on FCs so that size is considered, the first
future conditions. To ensure the most accurate predictionglternative with the least number of FCs is the least damaging.
possible, refer to several sources including personal experi- 6.4.1.2 Comparisons are also made at the most basic level of
ence, expert opinion, and the literature. Record assessmethfe assessment model, the variable. Variable conditions will
results for each wetland assessment in a standardized data shesty in the wetland and, at extremes, may diminish or
such as the one shown in Fig. 1. Comparisons of WAAs can bgmaximize functional capacity. The conditions for each variable
recorded in standardized data sheets such as those shownaife assigned different scores in the assessment models based
Figs. 2 and 3. upon their contribution to the functional capacity, that is, a

6.4.1 Units of Comparison-The differences between wet- condition that increases the capacity of a wetland to perform a
lands are expressed in terms of functional capacity indicegunction is assigned a higher score. These data are then used in
(FCls), functional capacity units (FCs), and variable scores. the models to derive FCls. The scores for each variable are

6.4.1.1 Simplified, a comparison of FCls will provide infor- compared after the assessment has been completed (see Fig. 3).
mation regarding the quality of the wetland’s functional The information on the variables is important because it
capacity, whereas the FCs will describe the quantity of funcprovides an explanation of why the wetlands’ functional
tional capacity (see 6.3.2). Thus, a comparison made usingapacities differ. This may be important, for example, in the

FCls indicates which wetland assessment areas (WAAs) have@enification of specific conditions that can be improved on in
greater capacity to perform a function on a unit area basis. Thg planned wetland design.

higher the FCI the greater the capacity per unit area. While this 6.5 Analysis Phase
information is useful, it is important to remember that the size ~° ) , .
of the WAA is not considered in the FCI. It is equally important _ 6-5-1 Types of ComparisorsOnce the functional capaci-
to consider FCs in any comparison because FCs represent tfgs 0f each wetland assessment area (WAA) are documented,
functional capacity of the WAA as a whole based on its FC[three types of comparison can be made. These are:
and spatial extent. Consider the following example of an 6.5.1.1 Comparison of the same WAA at different points in
time,
6.5.1.2 Comparison of two or more WAAs at the same point

51t should be noted that the use of quantitative indices (such as FCI) carries H! time, and

proportionality assumption which may not be valid. For example, a wetland which §.5.1.3 Comparison of WAASs at different points in time.
has a FCI of 0.5 is not necessarily performing the function at twice the level as a . . .
wetland with a FCI of 0.25, even though the numbers imply this relationship. 6.5.2 Companson of the Same WAA at Different Points of

Similarly, there may be a scaling factor which is lost by simply multiplying the FCI Time—This represents the most common type of comparison
by acreage to derive FCs. The use of quantitative units of measure is stilhf regulatory projects, that is, the comparison between pre-

recommended to be consistent with current practice (refer to approaches listed jn__. . . -
6.3.2). Broject and post-project impact conditions of the same WAA.

Summary of Functional Capacities Under Existing or Predicted Conditions

Date:

Project:

Wetland Assessment Area:

Assessors:

- T T T i " SIZE OF WAA - T
"FUNCTION CLUURCE T INACRES b RCs

FIG. 1 Data Sheet for Recording Assessment Results for One Wetland Assessment Area
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Date:
Project:
Comparison between WAA # and WAA #
Assessors:
WAA # WAA # Net Difference
SIZE IN SIZE
ACRES IN
FUNCTION FCI FCs FCI | ACRES | FCs FC +/-
FIG. 2 Data Sheet for Comparing FCls and FCs of Wetland Assessment Areas
Date:
Project:
Comparison between WAA # and WAA #
Assessors:
Difference in model variables and condition(s) with
FCI explanatory comments
FUNCTION WAA # WAA #

FIG. 3 Data Sheet for Comparing the FCIs and Assessment Model Variables of Two Wetland Assessment Areas

This type of comparison is also common with planned wet- 6.5.2.3 Predict FCls and FCs for future years,
Iand§, particulquy thosg involvi_ng restoratiop or enhancement. .52 4 Calculate cumulative FCs, and
In either situation, a simple direct comparison can .be made 6.5.2.5 Calculate difference between cumulative FCs for
between a single WAA assessed at two points of time. Th :

; . /AAs being compared.
results can be recorded in standardized data sheets such as I hod b dqf lculati
those shown in Figs. 2 and 3. Some situations may require the 9->-2- Se;]/era methods can he rl]’se or ca Cll'J ating (fur'nu—
comparison of the same wetland area at several different point&tive FCs. The easiest is to graph the assumed linear relation-
of time, especially when there is a concern regarding thship between broadly spaced target years, estimate the area

cumulative loss of functional capacity as a result of a time laginder the curve, and then calculate the difference between FCs
or delays. For example, a developing planned wetland mé{}st and FCs galnec_j (see Fig. 4). Better estimates of FC loss
take several years to achieve the desired levels of function&@" P& made by using more narrowly spaced target years, or
capacity. Compensation may be required if the loss of funcknown nonlinear relationships.

tional capacity during a time lag is substantial. The basic steps 6.5.3 Comparison of Two or More WAAs at the Same Point

to making this type of comparison include: in Time—Examples of situations when two or more WAAs
6.5.2.1 Select target years for future prediction, may be compared include an alternative analysis for regulatory
6.5.2.2 Predict area of WAA that will perform the function actions (see 6.4.1.1) or a wetland inventory for watershed
in future years, planning.
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WAA Planned Wetland
(Proposed Impact) (Proposed Compensatory Mitigation)

25

Mitigation initiated

Target Years Target Years
Cumulative FCs = 1,000 Cumulative FCs = 800

Note 1—Difference in cumulative FCs = 200; therefore, the planned wetland provides 200 less FCs than predicted loss from proposed impact.
FIG. 4 Example lllustrating Comparison of Cumulative FCs Through Graphing Predicted FCs

6.5.4 Comparison of WAAs at Different Points in Time riverine wetland indicates that it is closer to the reference
Comparing WAAs at different points in time is common with condition for the wildlife function then the depressional
regulatory projects that require compensatory mitigation. Thevetland. It may be reasonable to conclude that the wildlife
comparison is made between existing conditions of a wetlandabitat function provided by the riverine forested wetland is
prior to impact and the predicted future conditions of themore valuable because it provides nesting habitat for neotro-

planned wetland. pical migrant birds, a group currently considered to be in
6.5.5 Other Criteria to Consider When Comparing Wetland decline.

Assessment AreasThe assessment models provide informa- g 5 5 2 Functions—A comparison of wetlands often shows
tion on functional capacity expressed in terms of FCIs and FCg,5¢ ng one WAA has the highest functional capacities for all
and individual variables (see 6.4.1). Several other criteria arg,nctions. For example, one WAA may have the greater

considered in comparing wetlands. These include wetlangi;jjife habitat functional capacity and the other WAA may

class, red flags, wetland vulnerability, wetland rarity, a”dhave the greater water quality functional capacity. Some
feasibility of mitigation. With the exception of functional situations, such as a regulatory project, may require a choice
capacity, all other criteria involve a subjective valuejudgmentbetween \'/vetlands. The choice betwee’n wetlands may come

ang ;geldvt\? ttI)e tdhocrlcmghlél ju?tified ar;dbdotClIJ(mentﬁd. down to a choice between which function is considered less
-2 Wetlan ass-L.aution must be taken when com- ,.,aple in the specific context.

paring WAAs of different wetland types of class. The assess-
ment models of some procedures allow the comparison of 6-2-5-3Red Flags—The occurrence of a red flag feature
different wetland types, but many do not. According (), may_provu_de sufficient justification to remove a WAA from
wetlands in different hydrogeomorphic classes cannot b&onsideration. For example, a wetland which has endangered
compared directly because their functional capacity indices areP€Ci€S, is rare, or contains historic properties may be consid-
calibrated based on different reference wetlands. The compar@€d more valuable and thus removed from a list of potential
son of wildlife habitat functional capacity for different wet- altérnative project sites.

lands such as an ombotrophic peatland and a salt marsh would6.5.5.4 Wetland Vulnerability-Some wetland types are in-

be considered meaningless. Although direct comparisons caherently more vulnerable to impacts than others due to their
not be made, the measures of functional capacity (FCls anlbydrogeomorphology or location. For example, a given length
FCs) may still be useful because they provide informatiorof fill could have a profound impact by blocking tidal flow to
regarding the WAA relative to wetlands within the samea salt marsh. The same length of fill might only have a minimal
regional subclass. Consider the following example involvingimpact on a depressional wetland with no outlet. Also, wet-
the choice between impacting 10 acres of riverine bottomlandands located more closely to populated areas may be more
hardwood forest or in ten acres of depressional marsh. Theulnerable to impacts associated with development. The choice
riverine wetland has a wildlife habitat FCI of 0.9 and the between such wetlands may be decided solely on the basis of
depressional wetland FCI is 0.4. The higher FCI for thewhich one is more vulnerable in a specific context.

10
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6.5.5.5 Feasibility of Mitigation—Some wetland types and  7.2.3 Appropriate for Planned Wetland DesigrSome as-
their functions are more easily compensated for than others. 8essment procedures are not suitable for the mitigation process
choice between wetland impacts may come down to a selecticemd can lead to unfounded planned wetland design criteria. An
of the wetland type which is easier to replace. assessment procedure must have the following properties to be
suitable, particularly if it will be used as a guide to des{#):

i o i 7.2.3.1 Document both the procedure and results. This will

7.1 Assessment models are available within a variety ofygjjitate the design and review of the planned wetland. The
procedures. Table 4 provides a current listing and additionat,rmat should allow the designer and decision maker to readily
information which can be used in selecting appropriate model§gentify elements that are important to each function. It should
Detailed review of some of these procedures are contained iroyide for easy extraction to improve the functional capacity

7. Assessment Procedures

Ref52(27—29 and63). y ] ot g in the planned wetland.
Mgdelsropemes to Consider When Selecting Procedure or 5 3 5 provide validated threshold values for design ele-

ments. Threshold values should not be used, unless they can be
literature-validated or validated through consultation with

procedur.e or modell erends on many factors, espemallgxpert& Threshold values are cutoff values used in the assess-
assumptions that decision makers are willing to accept. Refel;ﬁent model. above or below which it is believed that a

ence(23) suggest the following general principles be used to ) ; ; )
guide the choice of a procedure. The procedure should: wetland’s capacity to perform a function changes substantially.

7.2.1.1 Be biased on principles and assumptions that arFOr example, the model may assume that 4o 20-ft wide
e ; princip P Wetland will effectively provide the shoreline erosion control
valued (if feasible) and easily illustrated,

i - function; anything less would be considered ineffective. Dif-
thg-pz)ﬁltilfc Yield results understandable to decision makers ar\‘irent assessment models use different threshold widths (for

- _— . example, 8, 10, 20, 600 m). If the assessment model is used as
7.2.1.3 Make explicit subjective values and judgments, a guide to design, then substantially different design criteria

pIiZi.tzéls;gurTqIS':i%r:gsuns that are repeatable given certain €XZould be obtained depending upon the model used. Based upon

7.2.1.5 Allow use of qualitative and quantitative informa- the example given, the recommended minimum width could

Lo : vary from 8 to 600 m.
tion in a methodologically sound way, . .

7.2.1.6 Stimulate the imagination of decision makers and /-2-3-3 Include variables applicable to planned wetland
increase insight into the choice to be made, design. Models from rapid assessment procedures often use a

7.2.1.7 Enable the use of information at different spatiaMinimum number (for example three to five) of variables to
scales. and assess each function. Although it lengthens the assessment

72.1.8 Allow consideration of alternatives both separatel)pme’ it is important that variables critical to wetland design be
and in combination. included.

7.2.2 Section 402 Regulatory Actions-Referenced indi- 7.2.3.4 Avoid using variables that describe opportunity in
cates that the assessment procedure must satisfy one or moré@pdels designed to measure functional capacity. Opportunity
the basic programmatic or technical requirements to receivéariables are those characteristics of a wetland or its surround-
widespread acceptance or utilization in the Section 404 proings that determine if the opportunity is available for that
gram at a national level. These requirements included thwetland to perform a function. Opportunity variables are used

7.2.1 General Principles—The choice of an assessment

following: with other structural variables to describe functional capacity
7.2.2.1 Standardized and documented approach, in most models. The rationale is that the wetland is more
7.2.2.2 Applicability throughout the public interest review valuable when the opportunity for performing the function is
sequence, present. Many of the opportunity variables describe conditions
7.2.2.3 Applicability across the geographic extent of thethat, if excessive, could change a wetland’s functional capacity.
U.S. Army Corps of Engineers regulatory jurisdiction, For example it is often assumed that greater pollutant input
7.2.2.4 Applicability to a variety of wetland types, makes a wetland more valuable for the water quality function.
7.2.2.5 Applicability to a variety of wetland functions, This assumption may be invalid. Studies on the use of wetlands
7.2.2.6 Compatibility with the time and resources availablefor wastewater treatment have demonstrated that, after several
for the public interest review process, years, some wetlands that initially served as nutrient sinks
7.2.2.7 Accuracy and precision that is consistent with the€ach their assimilatory capacity for certain chemical constitu-
time and resources available, ents. Many assessment models do not set an upper limit on
7.2.2.8 Sensitivity to different types of impacts at levels atopportunity variables. Without an upper limit, the model may
which wetland functions are affected, assign a high rating erroneously when the capacity of the
7.2.2.9 Adaptability to a variety of regulatory, managementWwetland to perform a function may be minimal or exceeded due
and planning applications, to excessive pollutant input. Opportunity variables should only
7.2.2.10 Defined standards of comparison, be used in the models to note conditions which could reduce
7.2.2.11 Capability to incorporate new technical informa-the planned wetland’s functional capacity.
tion as it becomes available, and 7.2.3.5 Be sensitive to detect differences between wetlands.
7.2.2.12 Capability to incorporate new or changing pro-The assessment model must be sensitive enough to detect
grammatic requirements. planned wetland improvements.

11
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