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PREFACE

This report has been prepared to help federal, state and local floodplain management staff, water
planners, wetland managers and others assess, protect and restore floodplain “natural and
beneficial” functions. It has been prepared, more specifically, to:

(1) Identify and explore user needs for assessment of the natural and beneficial functions.

(2) Describe selected wetland and floodplain methods and techniques, which have been
developed to assess such functions and values.

(3) Describe some "lessons learned"” with regard to the application of these techniques.

(4) Suggest productive directions for improved future, cooperative federal, state and local
assessment efforts.

The report is based upon a number of sources of information and incorporates materials from
earlier reports and papers. It is based upon:

(1) A literature review. See bibliography.

(2) A review of floodplain and wetland assessment websites. See list of websites at the end of
this paper.

(3) Discussions with a variety of experts in wetland, riparian, river/stream assessment.

(4) Studies by Jon Kusler and the Association of State Wetland Managers dealing with
wetland assessment for regulatory purposes. For final reports from these efforts see, e.g.,
Kusler, J. Report 1. Wetland Assessment for Regulatory Purposes: Assessing Functions
and Values. http://aswm.org/pdf _lib/assessing_functions_values.pdf; Kusler, J. Report 2.
Wetland Assessment for Regulatory Purposes: Wetland Assessment in the Courts.
http://aswm.org/pdf _lib/assessment_courts.pdf; Kusler, J. Report 3. Wetland Assessment
for Regulatory Purposes: Integrating Wetland Assessment Into Regulatory Permitting
(2004). http://aswm.org/pdf_lib/integrating_assessment_permitting.pdf.

(5) A series of workshops and symposia wholly or in part concerning wetland, riparian and
river/stream assessment conducted by the Association of State Wetland Managers in
Washington, D.C.; Annapolis, Maryland; Fairlee, Vermont; Albuquerque, New Mexico;
and Park City, Utah.

We hope that you will find the report useful and that it will stimulate your own thinking. Please
see suggested readings and websites for more detailed discussion of topics.

Sincerely,

Jon Kusler
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EXECUTIVE SUMMARY; RECOMMENDATIONS

There is growing interest at all levels of government in the U.S. and abroad* in improved
methods to assess floodplain "natural and beneficial” functions including wetlands and other
sub-components of floodplains.? Such assessments are needed to aid in the implementation of a
variety of programs at all levels of government for water resources development, flood loss
reduction, wetland and ecosystem protection and restoration, greenway planning, local land use
planning, watershed planning and management, infrastructure planning (roads, highways), public
land management and other purposes. Congress has established the protection of floodplain
natural resources as a national goal for federal water projects and for implementation of the
Community Rating System by the Federal Emergency Management Agency.

No overall, widely accepted “model”® has been developed to assess floodplain natural and
beneficial functions. Rather, assessment models and methods have been developed for specific
portions of the floodplain and for specific hydrologic, hydraulic, and ecological processes and
functions. Models to date reflect the goals and requirements of specific programs (e.g., flood loss
reduction versus habitat protection). They reflect the interests of various disciplines and groups
of experts (e.g., hydrologists, geologists, water planners, wetland managers, floodplain
managers).

Differing goals and the lack of communication between programs and experts has resulted in a
large number of assessment models and limited agreement concerning their use. Nevertheless,

! See generally e.g., WET Ecoservices (South Africa) (2007). http://www.geography.ukzn.ac.za/wetlands/wet-
ecoservices.htm; WET-Health (South Africa) (2009). http://www.o5demo.com/ckfinder/userfiles/files/08%20-
%20WET%20Health.pdf; Wetland Assessment Techniques Manual for Australian Wetlands (Australia) (2008)
http://www.wetlandcare.com.au/Content/articlefiles/248Wetland%20Assessment%20Technique%20Manual %20V 3.
6sml.pdf (2008); Assessing Floodplain Condition (Wetlands) (Australia) 22(2) (2004)
http://ojs.library.unsw.edu.au/index.php/wetlands/article/viewFile/26/22; National Research Programmes on Flood
Risk Management Across Europe (Europe) (2007); Landscape Function Analysis (Australia) (2005); Urban
Floodplain Management in Europe and America. (Europe, U.S.) (2007)
http://www.nofdp.net/data/documents/projects_reports_publications/diploma_theses/diploma_thesis 5 becker_urba
n_floodplain.pdf; Australia-Wide Assessment of River Health: Queensland AusRivAS Sampling and Processing
Manual (Australia) (2002); Australian River Assessment System: Review of Physical River Assessment Methods—
A Biological Perspective (Australia) (2002); Living Rivers: Trends and Challenges in Science and Management
(Netherlands) (2006); The Status Report on German Floodplains (2010) (Germany)
http://www.bfn.de/fileadmin/MDB/documents/themen/wasser/Follner_et%20al%20Abstract%201AD%20conferenc
e.pdf; Economic Assessment of Freshwater, Wetland and Floodplain (FWF) Ecosystem Services (UK) (2010)
http://uknea.unep-wcmc.org/LinkClick.aspx?fileticket=IVL Eq%2BxA1%2BQ%3D &tabid=82.

2 1n 2007 the Dutch government approved a $3.3 billion strategy for dealing simultaneously with flood threats and
ecological issues called Room for the River. http://www.ruimtevoorderivier.nl/meta-navigatie/english.aspx;
http://www.npr.org/templates/story/story.php?storyld=18229027 Room for the River will reduce high water levels
in the Rhine, Meuse, Waal and Ijssel Rivers. See http://www.riob.org/IMG/pdf/roma_2007_nijland.pdf. These
rivers will be given more room at 39 locations, using a variety of strategies by 2015. The Dutch, the Germans, the
English and others have underway a variety of efforts to assess river functions and values.

® We use the term “model” in this paper to include systematically undertaken natural resource assessments of
floodplain areas whether or not pursuant to a formal, named model. Agencies often carry out office and field
assessments with varying degrees of specificity for wildlife, flood elevations, vegetation, and other floodplain
features for regulatory, EIS, and other purposes without applying a formal assessment “model.”
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there is also recognition that more integrated, multidisciplinary approaches recognizing
hydrologic and ecological connections are needed to simultaneously address multiple goals with
common hydrologic underpinnings. Improved dialogue between programs and multi-agency
development and testing of models is needed.

A fair amount has been learned about what works and does not work for these assessment
models although no overall agreed upon approach has emerged. The types of information, levels
of accuracy, geographical scope of the data-gathering, format of the information, and analytical
capability needs differ somewhat depending upon the program and program goals. Problems and
impediments exist to assessment of functions and values on both a site-specific and area wide
basis. Floodplain assessment needs are also evolving. For example, improved methods are
needed to assess the hydrologic and ecological changes in floodplains, which may be expected
from climate change, how to reduce the adverse flood damage and ecological impacts of such
changes, and how to compensate for impacts.

Assessment Models
Some broad categories of assessment models which are described in greater depth below include

—Assessment models for hydrologic and hydraulic processes. A number of
hydrologic and hydraulic models and methods are available to assess the frequency, depth,
erosion potential and other characteristics of coastal and inland flooding. See Part 7 below. These
models may be used to produce flood maps and assess the impacts of floodplain modifications
upon flood flows. Increasingly sophisticated models can be used to project future hydrologic and
hydraulic conditions.

—Assessment models for wetlands and related ecosystems. Wetlands often constitute
a large portion of coastal and inland floodplain areas and perform many of the most important
habitat, flood storage, and pollution control functions of floodplains. More than 40 wetland
assessment techniques have been developed to assess wetland functions and/or values including
a variety of Hydrogeomorphic and Indices of Biological Integrity models.* See Part 7 and
Appendix C. Many of these techniques have been developed for use in wetland regulatory
contexts.

—Riparian zone assessment models. Riparian zones include vegetated areas adjacent to
rivers, creeks, streams and coastal areas. These are particularly important for wildlife in semi-
arid areas. Scientists have developed a variety of riparian zone assessment methods to evaluate
the vegetated corridors. A riparian evaluation methodology developed by the United States
Bureau of Land Management in cooperation with the United States Forest Service, “Proper
Functioning Condition” is particularly well known. For a review of this and other riparian

4 See Bartoldus, C.C. 1999. Comprehensive Review of Wetland Assessment Procedures: A Guide for Wetland
Practitioners. Environmental Concern Inc., St. Michaels, MD. See also note 13 below.

% See e.g., http://www.mountainvisions.com/Aurora/pfc.html, Proper Functioning Condition, What It Is and What It
is Not? National Riparian Service Team.
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evaluation models see Thomas Hruby, Developing Rapid Methods for Analyzing Upland
Riparian Functions and Values, Washington Department of Ecology, 2009.°

—Physical stream assessment models. Rivers and streams also constitute an essential
portion of floodplain systems. Scientists have developed a variety of models to assess the
functions of rivers, creeks and streams. Models pertain to hydrology/hydraulics, stream stability,
channel evolution, the presence or absence of specific types of animals (e.g., salmon, other rare
and endangered species), habitat and habitat condition, pollution and other more specific
subtopics. See discussion below.

Steps in Assessment
Assessment efforts often employ four general steps:

(1) Mapping or other identification of the assessment area boundaries. This is needed
to identify the area within which natural and beneficial functions are to be assessed. Hydrologic,
hydraulic and ecological modeling methods are available to assist these efforts. The assessment
area may be identified based upon frequency of flooding (e.g., 100 year flood, 500 year flood,
some other frequency of flooding.). Ecological considerations may also be important in selection
of the assessment area and in mapping ecological subzones such as wetlands and habitat of
endangered species.

(2) Preliminary identification of floodplain natural and beneficial functions
including the magnitude of functions. This may involve classification of rivers, streams, riparian
areas and wetlands and the identification of floodplain subzones (see below) within a broader
assessment area. Stream, wetland and riparian rapid assessment models are useful in evaluating
wetland and related floodplain natural and beneficial functions on a preliminary basis. See
Appendix F. For a review of riparian evaluation models, see, for example, the efforts of Thomas
Hruby of the Washington Department of Ecology.’

(3) More detailed assessment of functions. This includes mapping or other
identification of particular flood and erosion subzones such as flood meander, flood conveyance
and flood storage subzones and investigation of their magnitude and other characteristics. It also
includes identification and mapping of ecological subzones such as habitat for rare and
endangered plant and animal species. Models have been developed not only for wetlands and
floodplains but adjacent upland riparian area functions and values. See Part 7 of this report.

(4) Investigation of the social significance including, in some instances, the monetary
“value” of functions. Assessment methods useful in carrying out this fourth step include both
informal, subjective approaches and more formal and quantitative assessment techniques. A
combination of informal and more formal techniques (for specific topics and issues) may be
needed in a specific context.

® See http://www.springerlink.com/content/01596u44848k65Kk5/
"Hruby, T. Developing Rapid Methods for Analyzing Upland Riparian Functions and Values, Washington
Department of Ecology, 2009. http://www.springerlink.com/content/01596u44848k65k5/
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Implementation of this fourth step is particularly difficult because it requires not only
information concerning long-term hydrology and plant and animal species but information
concerning economic value. However, advances have been made in quantifying value. See, for
example the work of David Batker and colleagues at Earth Economics® and Robert Costanza at
Portland State University.® See also generally e.g., WET Ecoservices (South Africa) (2007)*
and Economic Assessment of Freshwater, Wetland and Floodplain (FWF) Ecosystem Services
from the UK.

No simple or inexpensive technique has been found to gather site-specific data despite the
usefulness of new technologies such as global positioning systems, satellite imagery, low level
digital images, and topographic information from LiDAR. Models have incorporated measures
to "deduce" hydrology and hydraulics, the capability of wetlands and floodplains to provide
habitat for certain plant and animal species, and to capacity of wetlands and floodplains to
produce other "goods and services." Models and techniques often use simplifying assumptions
and surrogates to reduce the amount of needed data. However, all are subject to margins of error
(sometimes large).

Recommendations, Future Efforts*?

Future efforts to assess natural and beneficial values need to build upon existing models and
existing databases and experience. Efforts need to reflect the lessons learned from the last 30
years by federal agencies, states, and others developing and applying assessment models for
rivers and streams, inland and coastal wetlands, inland and coastal riparian areas and, in some
instances, related upland systems. More specific recommendations include

Make Better Use of Existing Assessment Models and Databases

Better use of existing assessment models and databases could, more specifically, be encouraged
and supported by:

(1) Added efforts to tap existing sources of information and expertise on a site-specific and
broader geographical basis. Expertise and information can be better tapped by establishing
joint databases, converting data (e.g. riparian maps, floodplain maps, wetland maps) to
digital formats, establishing multiagency teams for evaluating regulatory permits, holding
multi-agency hearings, posting data to the Internet, and taking other measures suggested
below.

(2) Establishment of additional internet-based mechanisms for distributing data.

(3) Better matching of user needs with assessment techniques.

® See, e.g., http://www.eartheconomics.org/

® See http://www.pdx.edu/sustainability/robert-costanza

10 http://www.geography.ukzn.ac.za/wetlands/wet-ecoservices.htm

Y http://www.bfn.de/fileadmin/MDB/documents/themen/wasser/Follner_et%20al%20Abstract%201AD%20

conference.pdf
12 See Part 9 below for more detailed recommendations.
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(4) Independent evaluation of the accuracy and cost effectiveness of assessment methods™®
including the pros and cons of individual assessment models and techniques.

(5) Coordination of data-gathering and analysis for one sort of information (e.g., hazards
information) with data-gathering and analysis for other types (e.g., habitat functions).

(6) Continued shifting of a portion of the site-specific data-gathering and analysis burden
to landowners/developers seeking permits for floodplain alterations.

(7) Cooperative (federal, state, local, academic) preparation of guidance materials for the
use of methods such as a floodplain natural and beneficial function assessment manual or
handbook reviewing various methods.

(8) Cooperative training for governments, consultants and others in the use of various
assessment techniques.

(9) Assessment of floodplain natural and beneficial functions as part of broader, area-wide
and upfront land and water planning efforts including stormwater and GI1S-based
watershed planning and management efforts.

(10) The conduct of additional hydraulic and hydrogeomorphic studies as underpinning for
assessments of individual functions.

Developing New Techniques and New Databases

New assessment techniques and databases are also needed. Some priorities include

(1) A holistic identification of the broad range of floodplain management information
needs is needed. New multi-objective assessment techniques should then be designed to
meet these multiple needs.

(2) Federal agencies along with states, tribes and local governments should better
document floodplain natural and beneficial function assessment “user” needs to provide

the basis for improved assessment techniques.

(3) More attention should be focused on the development of “intermediate” and “detailed”
assessment models and not simply more “rapid” assessment methods.

(4) Joint guidance should be developed by federal agencies and states for describing and
evaluating the nonmarket functions and values of floodplains.

13 See, for example, http://assessmentmethods.nbii.gov/index.jsp?page=gdetail&gid=9 Ecological Assessment
Models Data Base. This website lists and describes 90 ecosystem-related modeling approaches and is highly
recommended. Many of these “ecological assessment” techniques could be used for assessing floodplains although
not originally designed for floodplains.
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(5 Improved "red flagging™ techniques are needed to identify areas with a high
probability of specific natural and beneficial functions and to help prioritize functions and
areas needing more specific data-gathering and analysis.

(6) All levels of government should cooperatively develop a variety of types of data to
better identify, protect and compensate for damage to floodplain natural and beneficial
floodplain functions and values. Some priorities include

—flood hazard subzone maps (e.g., erosion areas, zero rise floodways, wave action
areas, etc.)

—Ilong-term projections of hydrology such as fluctuations in water levels
—biodiversity/ecological surveys and maps

—updated digital wetland maps

—riparian area maps

—maps for rare and endangered species

—maps of degraded and disconnected floodplain areas with high restoration
potential.

Priority Research Needs
Research needed in this area include the following priorities:

(1) The federal government should in cooperation with the states, local governments, land
trusts and academic institutions establish multi-objective floodplain "'reference sites™ to
help document floodplain functions and values and to develop and test assessment methods.

(2) Federal agencies, states, tribes, local governments and others should develop a national
statistical survey of floodplain functions and values based on a selected sampling of
floodplain natural and beneficial sites as has been done in Germany. Identification of
federal and state programs with impacts to those functions should also take place.

(3) Additional basic research is needed that focuses upon the gaps in habitat requirements
of various types of floodplain wildlife and the relationship of natural hazards (flooding,
erosion) to ecological functions.

(4) Assessment models need to be developed to evaluate not only natural resource
functions but "'social significance™ including cultural, historic, health and safety, and other
values. Such models may best involve GIS.

(5) The linking is needed of hydrologic and ecological assessment models at various scales.

(6) The development of a composite set of assessment methods e
is needed for simultaneous evaluation of interrelated rivers and :
other waters, wetlands, floodplains and adjacent upland areas.

(7) The development is needed of combined assessment
methods which incorporate upfront, generalized inventories
with more detailed case-by-case analysis of particular sites and
functions, as development or activities are proposed.

Xi



PART 1: FLOODPLAIN NATURAL AND BENEFICIAL FUNCTIONS

Part 1 of this report begins with an overview of floodplain natural and beneficial functions. It
next describes selected Congressional and federal agency initiatives for protecting floodplain
natural and beneficial functions. It also provides examples of natural and beneficial functions
which are described in greater depth in Appendix F.

Introduction, Overview of Functions

Floodplains lie principally adjacent to rivers, streams, lakes and estuaries/oceans although other
areas are subject to flooding as well.

Floodplains differ from other areas of the landscape in several ways. These differences determine
both their natural hazards and their "natural and beneficial” functions.

(1) Floodplains are subject to periodic inundation by coastal storm surges, storm waves,
tsunamis, hurricanes, fluctuating groundwater levels, and direct precipitation.

(2) This periodic flooding and related processes of erosion and deposition determine the
shape (e.g., often flat), the soils (often alluvial mineral or organic soils), vegetation,
and other physical features (e.g., oxbow lakes) of the floodplain.

(3) This periodic flooding combined with other characteristics such as connectivity to
waters and organic soils give rise to a variety of natural functions of value to society.
These functions are also often referred to as floodplain natural and beneficial
functions or natural “goods and services.”

(4) Periodic flooding also poses threats to activities located in floodplains such as
dwellings, roads, and septic tank/soil absorption systems. Activities located in
floodplains may be subject to severe flood and erosion damages and may increase
flood and erosion damages on other lands.

Floodplain natural hazards and natural and
beneficial functions provide interrelated but
somewhat independent bases for planning and
managing development and other activities in
floodplain areas including “avoidance” of
floodplains wherever practical as called for the
Floodplain Executive Order 11988 and in EPA’s
and the Corps of Engineers Clean Water Act
Section 404 guidance.

Figure 1. Flooding gives rise to both flood
damages and natural and beneficial functions.



Floodplain assessment is needed for formulating
protection and restoration policies including
compliance with the National Environmental
Policy Act. It is also needed to implement various
ecosystem protection and restoration initiatives at
all levels of government including a "no net loss"
standard for wetland functions and/or acreage at
the federal level (e.g., the Section 404 program, the

Water Resources Development Act of 1991), many P e

wild and scenic river, “public water” and other multiple hazards such as unstable soils and

planning and regulatory statutes, and many local liquefaction which caused building collapse

land use and water use plans and ordinances. See here in the Marina District of San Francisco

Boxes 1 and 2. in the Loma Pietra earthquake of 1989. From
https://www.geology.ucdavis.edu/iy

Land and water use polices controlling (U Davis Geology website).

development in floodplains can simultaneously

reduce flood losses while protecting natural and beneficial floodplain functions. For example, a
community allocating floodplain areas to greenways and parks may simultaneously reduce flood
losses and provide to the community a wide range of habitat, pollution control, recreational and
other functions. The community may also qualify for reduced National Flood Insurance Program
rates pursuant to the Federal Emergency Management Agency’s Community Rating System.

River and Stream Assessment Models: An Overview*

The assessments of rivers and streams can include a wide range of applications from water
quality measurements and analysis, to evaluating habitat functions and values for fish,
amphibians, birds and other wildlife. While many of us think of stream channels and floodplains
as being separate features in the landscape, river scientists generally regard the floodplain as part
of the river channel and the distinctions they make are how frequent this channel becomes
smaller or larger based on the flood discharges it must carry. In the last decade greater attention
has been directed towards identifying the connections between the physical forms and processes
of streams and their floodplains with important functions such as water quality improvement, and
fish, avian and wildlife habitat protection particularly for federal and state species of concern.
The growing awareness of the connections between the physical forms of rivers such as
channels, floodplains and riparian forests and functioning of dynamic stream processes such as
flooding, erosion, deposition, meandering and woody debris recruitment, with the biological,
chemical and ecological systems have drawn more professionals into assessing waterways to
protect environmental quality and habitat.™ As a result, river system assessments which were
once more a part of a descriptive science are now evolving into the realm of applied science to
guide restoration and protection of riverine resources and functions.

Y The materials concerning “physical stream assessment models” which follow (pages 2-5) were prepared by Ann
Riley with the San Francisco Bay Region Water Quality Control Board. Her contribution is much appreciated.

15 Fischenich, J. C. 2006, “Functional Objectives for Stream Restoration,”EMRRP-SR-2, U.S. Army Corps
Research and Development Center, Vicksburg, MS.
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Watershed and riverine assessments have added another dimension and emphasis to the field of
wetland assessments because they represent environments that are particularly dynamic and
dramatic; these abrupt changes in form and condition can represent a healthy functioning
ecosystem. Unrestricted flood flows on floodplains are an important part of transporting and
rearranging sediment and meanders and creating backwater areas necessary to support the habitat
for fish and other aquatic organisms. Landslides, the uprooting, transport and dropping of trees
and rootwads in flooodplains and the erosion of stream banks can be critical natural processes
which support the fish and wildlife that are dependent on these habitat creating processes.

Rivers have many interacting watershed variables which adjust to these dynamic forces and tend
towards rebalancing the river environments. Process-oriented assessments are an important
aspect of evaluating floodplain functions and also form the basis of diagnostic assessments used
to understand why a river system may be unable to rebalance itself in a reasonable period of
time. Management strategies have progressed towards assessing the landscape forms, dynamics
and functions of rivers to replace the simpler engineering assessments associated with the past
era dominated by single purpose river projects which were often focused on attempting to control
the natural dynamics and processes associated with rivers and their floodplains.

The contemporary field of river and floodplain assessment can best be understood by
recognizing some of the basic traditions involved in studying rivers. There are several different
“schools” of river evaluation and study which produce the common tools in use for the physical
evaluation of rivers and floodplains. The first school is known as the empirical school and is
characterized by applying collected field data from rivers to develop relationships among river
and floodplain forms and processes. These assessments can help develop regional or watershed
scale relationships among some of the variables making up river systems such as watershed
drainage areas, rainfall, river vegetation, channel shapes, and discharges. The assessments can be
used as reference information on balanced river environments for application by practitioners of
river management and restoration and or provide initial evaluations of how impacted a stream
system may be compared to other less impacted areas. The classic paper helping pioneer this
school dates to 1953 by Leopold and Maddock.® The second school is referred to as the
analytical school which is the realm most familiar to the hydraulic engineer who uses models of
river processes such as continuity, flow resistance and sediment transport to characterize the
relationships between discharges, channel slopes, shapes, and sediment transport.*’

A third school is typically referred to as the study of watershed and stream evolution models.
These models are composed of sketches recording typical stream and landscape responses over
time to changes in sediment supplies, discharges slopes and vegetation. The classic references
for this stream evolution school relates back to the work of river scientists Lane, Simmon,
Schumm, Harvey and Watson.*® Channel evolution models are particularly useful for predicting

16 Leopold, L. B. & T. Maddock JR., 1953 “The Hydraulic geometry of Stream Channels and Some Physiographic
Implications,” U.S. Geological Survey Professional Paper 252, Washington D.C.

1 Garcia, M. H. 2008 “Sedimentation Engineering, Processes, Measurements, Modeling and Practice,” ASCE
Manuals and Reports on Engineering Practice No. 110 American Society of Civil Engineers

18 Lane, Emory 1955 “The Importance of Fluvial Geomorphology in Hydraulic Engineering,” Proceedings of the
American Society of Civil Engineers, vol 18 no 745 Hydraulics Division, N.Y.; Schumm, S.A., M.D. Harvey, C
Watson, 1984,” Incised Channels: Morphology, Dynamics and Control,” Water resources Publications, Littleton,
Co. ; Simon, A. 1989 “A Model of Channel Response in Distributed Alluvial Channels,” Earth Surface Processes
and Landforms 14(1): 11-26



how a stream and its floodplain may change over time due to changes made to the watershed.
These models capture watershed processes in simple drawings which can be of very practical
value in assessing the cause of stream system instabilities.

The use of river classification systems can be considered the other developing school of river
and floodplain assessment which applies the concept that streams can be grouped into major
types of riverine landscapes in order to develop reference data for similar stream types. Rosgen
has the most widely applied stream classification system (Rosgen 1994) and another widely
known classification system has been developed by Montgomery and Buffington*® for high
gradient environments. The classifications use descriptions of landscape forms to create channel
type classifications and the forms may also provide data that informs river processes. This later
school produces the most differences of opinion among professionals but will likely continue to
evolve as a part of the river assessment management field.

The stormwater management field also has developed tools to assess the quality or degradation
of watersheds and stream corridors based on the level of watershed land use changes and
development. Because of the nationwide stormwater regulatory programs administered by EPA
through the Clean Water Act National Discharge Elimination System, states and local
governments, assessments conducted to guide and regulate stormwater management are
ubiquitous and often entail recording the physical, as well as chemical and biological conditions
of stream channels and floodplains. Because of the widespread conduct of stormwater regulatory
programs, this focus on assessments to address stormwater is an influential and widespread
aspect of riverine assessment. This aspect of stream and river assessment is a “driver” of
watershed management activities and projects in many instances. The Center for Watershed
Protection has been a significant leader in developing these assessments.”

Regulatory programs to protect water quality and fishery habitat are the next evolving area of
river and floodplain assessments. NOAA Fisheries and the U.S. Fish and Wildlife Service
collaborated on the development of what is called the “RiverRat” assessment to assist
Endangered Species Act and Essential Fish Habitat consultation authorities, and review authority
under the Fish and Wildlife Coordination Act. The assessment is a web-based system available
through the web address* and these agencies sponsor trainings on its use. This assessment tool
assists any project planner or reviewer to evaluate whether they have the critical information
needed for an adequate assessment of a project need or design. The State of California water
quality agencies have developed an assessment method which compliments RiverRat in order to
improve project planning processes associated with the CWA section 401 state certification of
the federal section 404 CWA permits. California broadly defines its authority to protect riverine
environments under the state 401 certification process and project proponents use the “Rapid
Permit Assessments for Stream Channels and Floodplains” to identify watershed and reach scale
influences such as landscape forms, hydrology, land uses, dominant stream processes, status of
channel evolution, and plant and animal communities which need to be integrated into plans.*

19 Montgomery, D.R. and J. M. Buffington 1998, “Channel Process, Classification and Response,” in R.J. Naiman
and R.E. Bilby editors; River Ecology and Management: Lessons from the Pacific Coast Eco Region, Springer, NY
20 Schueler, T. & H.K. Holland, 2000, The Practice of Watershed Protection, Center For Watershed Protection,
Ellicott City, MD.

21 \www.restorationreviw.com

22 http://www.waterboards.ca.gov/sanfranciscobay/water issues/programs/stream_and wetland_protection.shtml
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Assessment models for wetland and riparian areas are discussed in greater depth below and in
Part 7.

Natural and Beneficial Functions; Congressional Intent

Box 1
State and Local Programs Needing Natural and Beneficial Functions Data

State and local floodplain programs needing such data include

« State and local floodplain management programs particularly communities enrolled in
FEMA'’s National Flood Insurance Program and Community Rating System;

« State and local water resource and watershed planning efforts;

« State and local public land use management programs;

« Local comprehensive land use planning and management efforts;

« State and local wetland regulatory efforts;

« State and local floodplain regulatory efforts;

« State and local infrastructure planning and construction efforts; and

« State and local post-disaster response and pre-disaster mitigation planning efforts.

Congress and federal agencies have adopted a number of statutes and regulations recognizing the
value of floodplain natural and beneficial functions and/or necessitating the assessment of such
functions. See below and Appendix A.

Federal Executive Branch and Congressional Actions

The Federal Interagency Floodplain Management Task Force in 1994 set forth a number of
national goals for wise use of floodplains for the years 1995 to 2025. The Unified National
Program for Floodplain Management report prepared by this Task Force recommended in Goal 2
that the reduction "by at least half of the risks to the natural resources of the nation's
floodplains.” This report more specifically recommended for all metropolitan areas, the
completion of an inventory of "all natural resources, by the year 2000 and for all
nonmetropolitan floodplains an inventory of all natural resources by the year 2005.” Box 2
reproduces, verbatim, the description of "natural resources of floodplains™ described in Appendix
B of the 1994 report.

Congress in the National Flood Insurance Act of 1994 also required the Federal Emergency
Management Agency (FEMA) to implement a "Community Rating System™ program that
provides discounts on flood insurance premiums in communities which establish additional
floodplain management regulations that exceed the minimum criteria set forth in FEMA's
eligibility criteria. 42 U.S.C. 8 4022(b). Congress established the community rating system to
serve four purposes: See Florida Key Deer v. Paulson, 522 F.3d 1133 (11th Cir. 2008):



http://www.loislaw.com/pns/doclink.htp?dockey=7658936@USCODE&alias=USCODE&cite=42+U.S.C.+%A7+4022

(A) to provide incentives for measures that reduce the
risk of flood or erosion damage that exceed the
criteria set forth in section 4102 of this title and
evaluate such measures;

(B) to encourage adoption of more effective measures
that protect natural and beneficial floodplain
functions; (emphasis added)

(C) to encourage floodplain and erosion management;
and,

(D) to promote the reduction of Federal flood
insurance losses.

FEMA has been sued in Florida, Oregon, California, Washington and Arizona for inadequately
considering the impact of the flood insurance program on rare and endangered species in its
flood loss reduction land use standards for local communities. See the 11" Circuit Court of
Appeals in Florida Key Deer v. Paulson, 522 F.3d 1133 (11™ Cir. 2008). In this case, the court
observed (Id at 1142) that “Among the purposes Congress directed FEMA to consider in
designing the program (Community rating system) is the protection of "natural and beneficial
floodplain functions.” Id. 8 4022(b)(1)(B). “We find that the language of 42 U.S.C. § 4022(b)(1)
provides ample discretion for FEMA to consider listed species.” Id. § 4022(b)(1).” Congress
also, in the National Flood Insurance Reform Act of 1994, Sec. 562, called for the formation of
an Interagency Task Force on Natural and Beneficial Functions of the Floodplain. The duties of
this task force included "conducting a study to (A) identify the natural and beneficial functions of
the floodplain that reduce flood-related losses; and (B) develop recommendations on how to
reduce flood losses by protecting the natural and beneficial functions of the floodplain...." In
2000 this Task Force published a report to Congress: The Natural and Beneficial Functions of
Floodplains: Reducing Flood Losses by Protecting and Restoring the Floodplain Environment.
This report made eight principal recommendations two of which include the following:

“Recommendation 1. Develop a national policy on the protection and restoration of the
natural and beneficial functions of floodplains as an integral part of all Federal, State,
tribal and local government programs, actions, planning, policies, regulations, and grants.

Recommendation 4. Focus restoration and protection efforts on those floodplains or
portions of floodplains identified as having the greatest flood risks and significant natural
and beneficial functions.”

Congress has, more recently, in the 2007 Water Resources Development Act, restated a goal of
protecting floodplain natural functions in the principles and guidelines for water resources
projects. The Water Resources Development Act of 2007 (HR 1495) provides with regard to
water resources Principles and Guidelines (Sec. 2031) that * (a) It is the policy of the United
States that all water resources projects should reflect national priorities, encourage economic
development, and protect the environment by—

(1) seeking to maximize sustainable economic development;

(2) seeking to avoid the unwise use of floodplains and flood-prone areas and minimizing
the adverse impacts and vulnerabilities in any case in which a floodplain or flood-prone
area must be used; and


http://www.loislaw.com/pns/doclink.htp?dockey=7658936@USCODE&alias=USCODE&cite=42+U.S.C.+%A7+4022

(3) protecting and restoring the functions of natural systems and mitigating any
unavoidable damage to natural systems (emphasis added.)”

This Act requires the Secretary of the Army to “issue revisions...to the principles and guidelines
for use by the Secretary in the formulation, evaluation, and implementation of water resources
projects” within two years of adoption of the Act.

The Act also (Section 2036) sets forth requirements for “mitigation” plans for mitigation of fish
and wildlife and wetlands losses from water projects. It provides, in part, that a mitigation plan
for a water resources project shall include, at a minimum—="the criteria for ecological success by
which the mitigation will be evaluated and determined to be successful based on replacement of
lost functions and values of the habitat, including hydrologic and vegetative characteristics....”

Box 2
"Natural Resources of Floodplains'

Extracted from a Unified National Program for Floodplain Management (1994)

"Floodplains that are relatively undisturbed (or have been restored to a nearly natural state) provide a wide range of
benefits to both human and natural systems. These benefits may take many forms: some are static conditions (like
providing aesthetic pleasure) and some are active processes (like filtering nutrients). There is some ambiguity over
which of these benefits are properly termed "functions”, which are "resources”, and where the terms overlap. A
fairly well accepted (but not necessarily comprehensive) list follows. The resources and functions have been loosely
grouped into three categories, and the categories have been labeled according to the primary recipient of the benefit
or its relationship to a larger system. That is, "water resources" include those resources and functions of floodplains
that are part of or provide a benefit to the hydrologic cycles on the earth's surface and below ground; "biological
resources” are floodplain resources and functions that benefit plants and animals; and "societal resources” are
floodplain resources and functions that directly benefit human society. Throughout the Unified Program Document,
the term "natural resources" is used to refer to any or all of the resources and functions listed here.




WATER RESOURCES

Natural Flood and Erosion Control Water Quality Maintenance

-Provide flood storage and conveyance -Filter nutrients and impurities from run-off
-Reduce flood velocities -Process organic wastes

-Reduce flood peaks -Moderate temperature fluctuations

-Reduce sedimentation
Groundwater Recharge
-Promote infiltration and aquifer recharge
-Reduce frequency and duration of low surface flows

BIOLOGICAL RESOURCES

Biological Productivity Fish and Wildlife Habitats

-Support high rate of plant growth -Provide breeding and feeding grounds

-Maintain biodiversity -Create and enhance waterfow! habitat

-Maintain integrity of ecosystem -Protect habitats for rare and endangered
species

SOCIETAL RESOURCES

Harvest of Wild and Cultivated Products  Recreational Opportunities

-Enhance agricultural lands -Provide areas for active and passive uses
-Provide sites for aquaculture -Provide open space
-Restore and enhance forest lands -Provide aesthetic pleasure

Areas for Scientific Study and Outdoor Education
-Contain cultural resources (historic and archaeological sites)
-Provide opportunities for environmental and other studies"

Examples of Floodplain Natural and Beneficial Functions

Examples of floodplain natural and beneficial functions (also sometimes called floodplain
“natural resources” “floodplain values,” and floodplain “goods and services”) include those
listed in Boxes 2 and 3. For more detail description see Appendix F. Discussion of individual
resources and functions is beyond the scope of this paper.




Box 3
Floodplain Natural and Beneficial Functions
(Natural Resources)

The following is a list of floodplain natural and beneficial functions has been drawn from
statutes, ordinances, regulations, and the literature. It is slightly broader than the floodplain
"resources” listed in Box 2 but tracks overall with that list. See Appendix F for more detailed
description of functions. Floodplains:

Provide flood storage. Many floodplains temporarily store flood waters and reduce flood
heights and velocities for downstream lands.

Provide flood conveyance. Many floodplains act as flood conveyance areas, reducing flood
heights and velocities at upstream, adjacent and downstream lands.

Reduce wave damage. Some vegetated floodplain areas reduce the force of waves and resulting
wave and erosion damage to back lying properties and structures.

Reduce excessive erosion. Many vegetated floodplain areas help moderate erosion by reducing
water velocities, binding soil and contributing to the vertical and lateral stability of stream
channels (i.e., associated with dynamic equilibrium).

Reduce sediment loadings in lakes, reservoirs, streams, estuaries, coastal systems. Many
vegetated floodplains, and the wetlands they contain, reduce the sediment flowing into lakes,
streams, and estuaries by intercepting and trapping sediment.

Provide groundwater recharge. Some floodplains provide groundwater recharge although most
are discharge areas much of the year.

Provide groundwater discharge. Some floodplains help maintain the base flow of streams and
help to reduce ground water levels (which would otherwise flood basements) by providing
groundwater discharge.

Produce natural crops. Many types of floodplains and wetlands produce cranberry, blueberry,
saltmarsh hay, aquaculture, wild rice, forestry and other natural crops.
Prevent and treat pollution:

« Prevent pollution from entering water body. Virtually all types of vegetated
floodplains and the wetlands they contain may intercept sediments, nutrients, debris,
chemicals, etc. from upland sources before they reach down gradient rivers, streams, lakes,
estuaries, oceans, and ground waters.

« Treat (remove) pollution in water body. Wetlands located in lakes, streams,
estuaries, depressions, and at other locations may remove pollutants from waters.

Provide habitat for fish and shellfish.* Floodplains adjacent to lakes, streams, estuaries, and
oceans can provide food chain support, spawning areas, rearing areas, and shelter for fish. Many
estuarine wetlands provide shellfish habitat.

Provide habitat for amphibians, reptiles, mammals, and insect species.* Many floodplains
and floodplain wetlands provide habitat for a broad range of mammals, reptiles, amphibians, and
birds and corridors for migration or movement.

Provide habitat for song birds and other nongame birds.* A broad range of floodplains and
wetlands provide habitat for nongame birds important for ecotourism.




Provide habitat for waterfowl.* Many depression, river fringe, lake fringe, coastal and
estuarine fringe floodplains and the wetlands they contain, provide food supply, nesting, water
etc. for waterfowl.

Provide habitat for rare, endangered and threatened species.* Virtually all types of
floodplains may provide food chain support, feeding, nesting, and substrates for endangered and
threatened animals and plants.

Maintain carbon stores, sequester carbon, reduce climate change. Many wetlands and
floodplains store carbon in carbon-rich wetland soils and trees and vegetation, reducing climate
change. Some continue to sequester carbon from the atmosphere.

Provide micro-climate modification. Floodplains, particularly those near cities, may reduce
temperatures and reduce air pollution levels.

Provide recreational opportunities and scenic beauty. Many floodplains provide hiking,
wildlife viewing and other water and land-based recreational opportunities. Many floodplains
have aesthetic value. Scenic beauty when viewed from a car, a path, a structure, or a boat may
enhance real estate values, provide recreation, and provide the basis for ecotourism.

Provide historical, archaeological, heritage, cultural opportunities. Some floodplains such
as the confluence of the Missouri and Mississippi Rivers (Lewis and Clark Expedition) have
historical value; others have archaeological value (shell middens, burial sites).

Provide educational and interpretive opportunities. Many floodplains and the wetlands they
contain provide education and research opportunities for schools and universities (K-graduate
schools) and government agencies

Provide scientific research opportunities. Schools, universities, resource agencies, and not-for-
profit organizations carry out many types of scientific research in floodplains, wetlands and
riparian areas.

*These functions/values can be listed separately or together as "habitat" value. They have been listed separately here
because they require somewnhat different sorts of assessments.

PRGN Wi A Mo
Figure 3. Floodplains vegetation reduced wave heights
and erosion in the December, 2004 South Asian Tsunami.
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Box 4
Definitions

Terms are used in the following ways in this report:

« Assessment: data-gathering and analysis to meet specific goals. Assessment includes, but is not
limited to mapping, delineation, natural hazards analysis, ecological analyses, project impact
analysis, determination of mitigation needs, the determination of compensation needs
(including compensation ratios), and monitoring and enforcement of regulations.

« Capacity: the ability of floodplain resources to produce various goods and services of use to
society. Capacity depends on flood characteristics, geology, soils, topography, size, hydrologic,
biological and chemical processes and other features.

« Data: raw information, such as aerial photos, vegetation, topography, and soils not yet
analyzed for a specific purpose.

« Floodplain: The lowland that borders a river, usually dry but subject to flooding. (Hoyt and
Langbein, 1955, p. 12.) For alternative definitions see Geological Survey Water-Supply Paper
1541-A, Methods and Practices of the Geological Survey
http://water.usgs.gov/wsc/glossary.html#F which describes the 100-year floodplain as the area
subject to a one percent or greater chance of flooding in any given year.

« Function: the capacity of a floodplain ecosystem to provide goods and services of value to
society. Function also includes the natural processes producing the goods and services.
Function is primarily dependent upon natural processes but reflects other features as well (see
“capacity” above).

« Information: data analyzed for a specific purpose; the results of such analysis.
« Natural: in an unaltered or relatively unaltered condition.

« Opportunity: the present and reasonably foreseen ability of a floodplain to actually deliver
goods or services to society. Opportunity depends on context. For example, a floodplain may
have the natural capacity to intercept pollution, but it may not do so because there are no
nearby pollution sources.

« Social significance: the importance of floodplain/wetland resources to people and not simply
the inherent capacity of floodplains to produce goods or services. Assessing social significance
requires a shift from examination of the physical characteristics of floodplains alone to
determining how functions serve people.

« Value: the worth, desirability, utility of floodplain functions. Value includes but is not limited
to monetary worth. The term “value” is also sometimes used in the literature as synonymous
with “functions” to describe the natural goods and services floodplains provide.
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Figure 4. Floodplains both store and
convey flood waters. A broad
regulatory floodplain like this one
from Tulsa can help protect both
flood storage and flood conveyance.

Figure 5. Floodplains provide
habitat for amphibian, mammal,
bird, reptile and other animal
species like this spotted salamander.
WNC Nature Center website:
http://wildwnc.wordpress.com/2010
/03/09/take-a-gander-on-southern-
appalachias-salamanders/

Figure 6. Many cities and
metropolitan areas like the
metropolitan Washington, D.C.
have created greenways and trails to
simultaneously achieve flood
damage reduction, recreation, and
protection of habitat. See
Transportation, Community, and
System Preservation (TCSP)
Program website:
http://www.fhwa.dot.gov/tcsp/wdcd
flt.html
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PART 2:
COMMON STEPS IN ASSESSMENT

Part 2 of this report examines some of the common denominator steps in assessing natural and
beneficial functions by floodplain managers, wetland managers, land use planners and other
water and land use managers.

As indicated above, no single, overall method or model has been developed to assess floodplain
natural and beneficial functions. Rather, floodplain managers, water resources developers, and
others have developed and used a variety of methods and models to address floodplain functions
and values in specific contexts. These methods and models may be placed into four general
categories which also constitute typical steps in assessment:

1. Defining the Assessment Area

The first major step in the assessment of floodplain natural and beneficial functions is definition
of the floodplain assessment area. This step may also include classification of areas and
identification of hazard and ecological subzones (e.g. floodways, wetlands, riparian zones). The
overall assessment area may be the 100-year floodplain or a broader or lesser flood area. Models
useful in defining the assessment area include a broad range of flood hazard hydrologic and
hydraulic models and methods. They involve, in some instances, not only models for assessment
of flood depth and frequency of inundation but velocity, wave heights and erosion potential.

An important consideration in the use of hydrologic and hydraulic-based flood maps to
determine an assessment area is the vertical movement and position of stream channels in the
landscape. In many areas, stream channels have become deeply incised and vertically
disconnected from their natural floodplain. Inundation based flood maps may show a river reach
as having little or no 100-year floodplain because, at the time of assessment, the channel was
deep enough to contain all flood flows. But due to the fluvial processes which form floodplains,
stream channels evolve to form new floodplains or reconnect to their old ones; and care should
be taken in the reliance on model outputs which are snapshots of a dynamic system.

Ecological considerations are also relevant to the definition of the assessment area. For example,
assessment of the 500-year or even the 1000-year floodplain may be appropriate where much of
the floodplain serves as habitat for an endangered plant or animal species.

As a practical matter, the area selected for assessment will often be the “100-year” floodplain
because most existing floodplain maps identify the 100-floodplain. However, the assessment
area may alternatively, be the 10-year, 50-year, 100-year flood, 500-year or some other
frequency of flooding, depending upon the interests of the management agency and the nature of
the natural hazards and ecological features.
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Sources of flood information helpful in defining the assessment area include

« Topographic information

« FEMA, Corps of Engineers, NRCS, USGS and other flood maps based upon hydrologic
modelling

« Air photos, satellite imagery, and maps of historic flooding

« Soil maps showing organic and alluvial soils

« Special feature maps (e.g., erosion maps, floodway maps, maps of areas with floodplain
restoration potential)

Figure 7. Soils maps can help define
the boundaries of the assessment
area and provide an identification of
functions.

Sources of ecosystem-based information flood information helpful in defining the assessment
area may include

« Wetland maps

o Soil maps

« Maps and other sources of information showing endangered or threatened species

« Maps and other sources of information showing areas of biodiversity interest (e.g.,
“Heritage” Program maps and other sources of information)

« Maps and other sources of information showing invasive species

« Maps and other sources of information showing wildlife
corridors and other areas forming ecological connections

2. Determining Floodplain Functions on a Preliminary Basis

The next step in assessing floodplain natural and beneficial
functions is often a preliminary identification of floodplain
functions within the defined floodplain area. This may involve
the classification of natural hazard and ecological sub-zones
within the broader floodplain areas to facilitate more specific : 5
evaluation of function. See, for example, the Hydrogeomorphic Sl Sy 5% <Y

Approach to assessing wetland functions. This assessment Figure 8. Wetland maps can
method groups wetlands into seven classes: depressional, riverine, also help managers identify
mineral flats, organic flats, tidal fringe, lacustrine fringe, and the assessment area and sub
slopes.? areas. This is a National

Wetland Inventory map.

23 See http://el.erdc.usace.army.mil/wetlands/class.html
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A variety of models and approaches (e.g. field observations) are available to determine functions
on a preliminary basis. Models include wetland assessment models, river and stream assessment
models, and riparian assessment models:

—Wetland Assessment Models. Many rapid assessment models have been developed or
used for assessing wetland functions (and in some instances “values”.)** Wetlands often
constitute a large portion of floodplain areas and perform many of the important habitat, flood
storage, and pollution control functions of floodplains. Models for assessing the ability (capacity)
of wetlands to produce goods and services on a preliminary basis include the federal WET
assessment model and the many state WET-related models. More than 40 wetland "rapid”
techniques have been developed to assess wetland functions and/or values.” Most of these
techniques have been developed for use in wetland regulatory contexts. Experience with these
techniques (both positive and negative) also offers important lessons for the development of
future broader floodplain assessment approaches. See Appendix C.

Rapid wetland assessment techniques have been useful primarily in providing preliminary
analysis of functions (and to a lesser extent) values. However, rapid wetland assessment
techniques have not been extensively used in regulatory and other management programs for in
depth analysis of functions due to low levels of accuracy and a wide variety of other problems
and limitations. These include the failure of many models and techniques to develop much of the
critical information needed by decision-makers, high costs, technical expertise needs, and large
margins of error. See Appendix C.

—Assessment of rivers and streams. Streams also constitute an essential portion of
floodplain/riparian systems. Scientists have developed a wide variety of habitat, hydrologic,
hydraulic, and geomorphic models to assess the functions and condition of rivers, creeks and
streams and related ecosystems.?® See discussion above of river and stream assessment models.

2 For examples of websites describing wetland rapid assessment models see e.g.,
http://www.environment.gov.au/ssd/publications/ssr/pubs/techniques-ssr161.pdf

An Evaluation Of Wetland Assessment Techniques and Their Applications To Decision-Making (date unknown);
http://mtnhp.org/Reports/Level_l.pdf Assessing Wetland Condition With the Use of GIS A Landscape Integrity
Model for Montana (2009); Review of Rapid Methods for Assessing Wetland Condition ( 2004),

http://www.epa.gov/owow/wetlands/monitor/RapidMethodReview.pdf; (undated),
http://el.erdc.usace.army.mil/emrrp/emris/emrishelp6/models_for_assessment_of freshwater wetlands_tools.htm
http://water.epa.gov/lawsregs/guidance/wetlands/upload/2004 06 16 wetlands ELI_Measuring_Mitigation.pdf
(2004);

% See Bartoldus, C.C. 1999. Comprehensive Review of Wetland Assessment Procedures: A Guide for Wetland
Practitioners. Environmental Concern Inc., St. Michaels, MD. See also note 13.

% See, e.g., National Rivers and Streams Assessment (2010),
http://water.epa.gov/type/rsl/monitoring/riverssurvey/riverssurvey index.cfm; Stream Visual Assessment Protocol
(1998), http://www.nrcs.usda.gov/technical/ecs/aquatic/svapfnl.pdf;

Review of Physical River Assessment Methods: A Biological Perspective (Australian), a review of stream
assessment methods used in Australia (2004), http://www.precisioninfo.com/rivers_org/au/archive/?doc_id=6 ;
National Inventory/Survey, Tools for Ecological Assessment (2004),
http://www.websitefororg.com/OldWebsites/NPS/CompiledMethodsFrameset.htm;

Stream Corridor Inventory and Assessment Techniques. USDA (2001),
http://www.wsi.nrcs.usda.gov/products/W2Q/strm_rst/docs/Stream_Corridor_Inventory Technigues.pdf;

Stream Corridor Inventory and Assessment Techniques, Technical Supplement 3A (USDA, 2007),
http://policy.nrcs.usda.gov/OpenNonWebContent.aspx?content=17820.wba;
http://old.aswm.org/calendar/reconciling/somerville.pdf (2004);
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—Assessment of riparian areas. A number of models have
been developed for assessment of riparian areas.?’ A riparian
evaluation methodology developed by the United States Bureau of
Land Management in cooperation with the United States Forest
Service, Natural Resource Conservation Service, and other
agencies—“Proper Functioning Condition”*®*—is well known. See
also Thomas Hruby, Developing Rapid Methods for Analyzing
Upland Riparian Functions and Values, Washington Department of
Ecology, 2009.%°

3. Determining Floodplain Functions on a More Detailed,
Accurate Basis (If Needed)

Figure 9. Riparian Area
in “Proper Functioning

Determination of floodplain functions on a more detailed, accurate Condition. From EPA
basis is usually not needed for all portions of a floodplain. This step Nonpoint Success

is taken if the preliminary analyses indicate functions, issues, or Stories.

problems needing more detailed analysis. This step is particularly http://water.epa.gov/
needed where development is proposed which will substantially polwaste/nps/success319
affect floodplain functions. Examples of more detailed assessment [Section319111_AZ.cfm

methods and models are discussed in Part 7 of this paper. More

Physical Stream Assessment: A Review of Selected Protocols for Use in the Clean Water Act Section 404 Program
(2004), http://www.epa.gov/owow/wetlands/pdf/Physical StreamAssessmentSep2004Final.pdf;

Ecological Classification of Rivers for Environmental Assessment (undated),
http://sitemaker.umich.edu/riverclassproject/nome;

National Rivers and Streams Assessment; Field Operations Manual, Measuring the Ecological Condition. (2000),
http://www.epa.gov/emap/html/pubs/docs/groupdocs/surfwatr/field/nonws.html;

The Wadeable Streams Assessment: A Collaborative Survey of the Nation's Streams (2010),
http://www.epa.gov/owow/streamsurvey/;

National Aquatic Resource Surveys (2010), http://water.epa.gov/type/watersheds/monitoring/nationalsurveys.cfm;
27 Assessing Range and Riparian Areas,
http://www.for.gov.bc.ca/HRA/Publications/pamphlets/Rangeland_Health Pamphletl.pdf;

US Forest Service Stream System Technology Center, National Park Service (undated),
http://www.stream.fs.fed.us/RelatedWebsites/index.html;

Experts Roundtable, Riparian Restoration Roundtable (undated),
http://www.treelink.org/woodnotes/voll/nol/rrres.htm;

National Wetland Inventory system for mapping riparian areas (2009),

http://www.fws.gov/wetlands/ documents/gOther/SystemMappingRiparianAreasWesternUS2009.pdf;

Stream Corridor Inventory and Assessment Techniques. USDA (2001),
http://www.wsi.nrcs.usda.gov/products/W2Q/strm_rst/docs/Stream_Corridor _Inventory Technigues.pdf;

Stream Corridor Inventory and Assessment Techniques, Technical Supplement 3A (USDA, 2007),
http://policy.nrcs.usda.gov/OpenNonWebContent.aspx?content=17820.wba;

Stream Assessment in a Regulatory Context (2004), http://old.aswm.org/calendar/reconciling/somerville.pdf;
Physical Stream Assessment: A Review of Selected Protocols for Use in the Clean Water Act Section 404 Program
(2004), http://www.epa.gov/owow/wetlands/pdf/Physical StreamAssessmentSep2004Final.pdf.

%8 See, e.g., Proper Functioning Condition, What It Is and What It is Not, National Riparian Service Team (2000)
http://www.mountainvisions.com/Aurora/pfc.html

% http://www.springerlink.com/content/01596u44848k65k5/
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detailed models include WEThings and a variety of fish and wildlife assessment models (e.g.,
HEP) models. They include many GIS-based assessment methods. They include, in some
instances, the use of quantitative hydrologic models developed for hydrologic or hydraulic
analysis of floodplains such as Corps of Engineers HEC-RAS models to determine flood heights
and storage capability.

The need to quantify floodplain functions for floodplain regulatory, water resources
development, land management, restoration and other programs has increased greatly in the last
two decades due in part to the widespread adoption of a “no net loss” or comparable goal in
regulations and land management policies. To implement a no net loss of functions goal requires
a quantified estimate of functions before and after changes are made in the floodplain. A
quantified estimate of functions is also needed to determine compensation needs and the
compliance of mitigation and compensation measures with wetland no net loss goals. In 1989
EPA and the Corps of Engineers adopted a joint memorandum of understanding requiring Clean
Water Act Section 404 permit applicants to achieve a goal of “no net loss” of wetland
“functions” and “values.”*® Many other federal, state, and local agencies have adopted a “no net
loss” of “functions” (and, in many instances, “value”) or equivalent goal for wetlands and other
water-related areas.

The Army Corps of Engineers and EPA require through their 404(b)(1) guidelines that applicants
for Clean Water Act Section 404 permits go through a “sequencing” process. Applicants must

« Avoid wetland and other aquatic ecosystem locations if it is practical to do so.
Information must be generated by a project proponent concerning the availability of
alternative sites and the practicality of utilizing such sites;

« Mitigate impacts if avoidance is not practical. Information must be available concerning
functions and values to determine what mitigation measures may be appropriate; and

« Compensate for losses by restoring, enhancing, creating or in some instances preserving
natural functions and values.

Detailed (and preferably) quantitative information is needed to comply with these requirements
although often only partially available. Regulators need to know original functions before a
project is approved to set goals and procedures for reducing and compensating for impacts.
Compliance with mitigation and compensation requirements and the Floodplain and Wetland
Executive Orders, the 2007 Water Resources Development Act, the Endangered Species Act and
a number of other acts requires information concerning the geographical location of natural and
beneficial functions, their magnitude, their sensitivity to disturbance, and, in some instances,
their monetary value. See Appendix A.

4. Assessment of “Social Significance,” “Worth,” “Value”

In some instances, such as for planning federal water resources projects, floodplain managers
need to assess not only the ability or capacity of floodplains to produce goods and services but
the “opportunity” these goods and services have to meet the needs of society and the broader
“social significance” of these functions. Models include

% See Memorandum of Agreement Between the Environmental Protection Agency and the Department of the Army
Concerning the Determination of Mitigation Under the Clean Water Act Section 404(b)(1) guidelines. Nov. 1989.
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—NModels providing economic dollar values for floodplain functions. A number of economic
modeling techniques are available to provide dollar values for floodplain functions including
those with limited market values. See discussion below. Congress has required the Corps to
provide monetized “cost/benefit” analysis for water projects for many years and some of these
efforts to provide dollar values have been more broadly applied. “Social significance” includes
but is not limited to economic value. See discussion in Part 6 below.

—Models providing a “nominal>" description of functions. For example, floodplain and
functions may be investigated and assigned nominal categories or numbers (e.g., a relative
ranking of “good,” “middle” and “high”) to suggest their relative importance to society without
providing quantitative, ratio numbers. See, for example, the WET wetland assessment technique
for such an approach.

—Techniques to qualitatively estimate the “social significance” of functions without
providing a quantitative, monetized analysis of functions. Functions may be qualitatively
analyzed to determine who is affected by present or future anticipated changes in functions, how
they will be impacted and how much they will be impacted. This can suggest health and safety
value, historical and cultural value, education and research value and aesthetic importance to
society without detailed economic analysis. A variety of techniques are also available to suggest
the “weight” society may place on particular functions in a specific context although none are
very precise. See Box 10 and discussion below. We will examine these approaches in greater
depth in Parts 5 and 6 of this report.

Box 5
Examples of Floodplain Alterations Which Destroy or Diminish Functions/Values

Common floodplain alterations destroying or diminishing floodplain natural and beneficial
functions include

o Fills for dams, levees, seawalls, road and bridge construction and buildings. Fills can
permanently destroy floodplain natural and beneficial functions if extensive. Even partial fills
can have severe impacts on some functions, depending upon the location and configuration of
the fills. Fills immediately adjacent to rivers or streams often block flood conveyance; or lead to
channel incision. Fills in deep water areas destroy fish habitat; fills in water body outlets
destroy connections and pathways between floodplains and adjacent water bodies.

%1 “Nominal” categorization can be used to describe floodplain functions but efforts to determine standard deviation
or to apply other mathematical concepts to nominal categorizations are meaningless.

18



Water level stabilization. The water levels of most large lakes and many rivers and
streams have at least been partially "stabilized™" by construction of dams and other outlet
control structures. Most large rivers have been dammed for at least a portion of their
lengths. Stabilization of water levels may temporarily increase certain values such as
fishery but often results in long-term loss of diversity.

Water diversions for agricultural, other uses. Diversions, which are particularly
common in the West, may destroy or limit all floodplain natural or beneficial functions,
but often have particularly severe impact upon fish and other fauna during low flows.

Channelization. Channelization can also destroy or damage the full range of floodplain
functions by lowering water levels, removing wetland soils, and reducing the residence
time of water in the floodplain. Functions/values affected include, but are not limited to,
flood storage, erosion reduction, pollution control, fisheries, waterfowl, and endangered
species.

Drainage. Surface or subsurface drainage can destroy or damage floodplain functions by
converting floodplain wetlands and other low-lying floodplain areas into dry land.

Pollution. Toxics, excessive nutrients, debris or other pollutants destroy or damage
almost all habitat values. However, flood conveyance, flood storage, and some pollution
control functions/values may remain.

Sedimentation. Excessive sedimentation from watershed sources can destroy all values
by permanently filling a floodplain. Lesser amounts can also damage or destroy fishery
and wildlife functions/values.

Groundwater pumping. Groundwater pumping can destroy many floodplain habitat
functions by dewatering a floodplain. Flood storage and conveyance functions may
remain.

Tree-cutting, vegetation removal. Tree cutting and other vegetation removal
temporarily reduces habitat values, erosion control and wave attenuation functions.

Intentional or accidental introduction of exotics species. Exotics can destroy natural
plant and animal habitat, reduce food chain support, and destroy endangered species.
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PART 3:
PROGRESS AND PROBLEMS

Part 3 examines progress and problems*” in assessing floodplain natural and beneficial functions.
Progress

Over the last two decades, considerable progress has been made by federal agencies, states, local
governments, tribes, academic institutions, consultants and others in providing the tools,
techniques, and information needed to assess floodplain natural and beneficial functions.
Progress includes

(1) The scientific information base (*'status of the science™) pertaining to various natural
processes and the habitat requirements of plants and animals has been increased, particularly for
wetland and riparian portions of the floodplain.

(2) A great deal of natural resource information useful in assessing natural and beneficial
functions and values has been gathered, and, in some instances, digitized. Much has also been
made available on the Internet such as

« Flood maps

« Soils maps

« National Wetland Inventory Maps (about 85% of the nation)

« Maps and other sources of information pertaining to rare and endangered species, habitat,
areas of special importance for biodiversity

« Color infrared aerial photography

« Rectified, orthophoto imagery, and

« Various types of satellite and other digital imagery.

(3) Advances have been made in data-gathering tools. These have reduced costs and facilitated
the analysis of floodplain areas on a time-series basis. They include the use of

« Satellite imagery

« Low level digital imagery

« Global positioning systems (GPS), and
« LIDAR mapping of topography.

(4) Analytical techniques have been improved and made more effective and less costly through
the development of

« GIS computer water resources and flood prediction models
« GIS comprehensive planning and watershed planning tools, and
« Other computer-based assessment models and methods.

%2 \We offer observations concerning progress and problems based upon our workshops, seminars, and publications.
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(5) The pool of experts with botanical, biological, hydrologic and other expertise pertaining to
floodplains and components of floodplains such as wetlands has increased. For example, more
than 4,000 individuals now belong to the Society of Wetland Scientists. Experts have both
general knowledge and, in some instances, specific knowledge with regard to specific floodplain
functions.

(6) Many local and regional governments have initiated watershed-based land or land and water
planning efforts for pollution control, stormwater management, flood control, water supply or
other purposes. These efforts provide hydrologic and, in some instances, other types of
information which can be useful in assessing floodplain natural and beneficial values. Examples
of such broader efforts include

« Comprehensive land use planning and zoning efforts to determine the most "suitable™ or
"appropriate” use of land throughout a community or region

« Watershed planning for flood loss reduction, pollution control, water supply, other
purposes

« Floodplain management planning including pre and post disaster mitigation planning

« Greenway planning and management efforts

« Highway, sewer, water supply and other infrastructure planning and construction, and

« Floodplain, wetland, coastal zone, shoreland and other regulatory efforts.

These programs are increasingly aided by local, state and federal GIS programs which allow
users to “overlay” many types of data.

(7) A variety of rapid and more detailed assessment methods have been developed to assess the
"capacity" of floodplains, wetlands, and riparian areas to produce particular goods or services.
Some approaches not specifically developed to assess wetlands or floodplains are nontheless
useful in doing so. See Part 7 for description of some of these approaches which include but are
not limited to

« Instream flow models (fish)

« HEP (birds, other wildlife)

« HGM (overall ecological capacity or functions, condition of systems)

« WEThings (capacity of wetlands to serve as habitat for specific animal species)

« HEC-RAS (hydrology, run-off, flood flows and heights, flood conveyance), and

« Fluvial Geomorphic Assessments (Rosgen and others: steam stability and condition,
hydrology).

Problems; Impediments to Assessment

Despite progress, many problems and impediments exist at local, state, or federal levels with
assessment of floodplain natural and beneficial values at a scale and degree of accuracy
sufficient for detailed, regulation, planning, acquisition, restoration or other on- the-ground
management. Examples include

(1) Research efforts and efforts to develop and apply various wetland and other assessment
techniques to date have revealed the hydrologic and ecological complexity of wetland and
floodplain systems. The hydrogeomorphic processes which form floodplains and wetlands occur
at varying spatial and temporal scales. No simple and accurate way has emerged to determine
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floodplain hydrologic properties (including long-term flooding or saturation) which determine, in
large measure, ecological properties including functions. Similarly, no easy and accurate way has
emerged to assess the capacity of floodplain areas to provide habitat for specific types of plant
and animal species without time-series, field investigations since plant and animal species at a
floodplain site often vary over the seasons and from year to year due to fluctuations in rainfall
and floodplain water levels.

(2) Large gaps continue to exist in scientific knowledge pertaining to the hydrologic and
ecological niches and ranges of particular plant and animal species and floodplain processes
relevant to the assessment of natural and beneficial values including determination of the impacts
upon activities upon these values and the adequacy of impact reduction and compensation
measures.

(3) Despite the development of certain types of flood, soils, and other types of maps for the
nation, much of the detailed time-series ecological information such as hydrologic data and
species information for fish, mammals, reptiles, birds, etc. needed for the evaluation of particular
floodplain sites is missing and generation of such information is difficult, time consuming, and
expensive. As noted above, no easy short-cut methods have been found to provide species-
specific and time-series ecological and hydrologic information.

(4) Federal, state and local budgets, staff numbers, and staff expertise are limited. Further cuts in
staffing may be expected as efforts are made to balance budgets at all levels of government. This
will limit the ability of governmental units at all levels of government to assess natural and
beneficial values and require the application of cost-saving and prioritizing mechanisms.

(5) User needs for natural and beneficial data are varied, depending upon the context and
management tools. These needs have not been well-documented. Upfront and area wide natural
and beneficial functions data is needed for land planning, public land management, and
acquisition. More detailed site-specific information is needed for site-specific land use regulation
and other types of site-specific management. Yet assessment methods often fail to distinguish
these two contexts. Lack of documentation of user needs limits the design and usefulness of
assessment approaches.

(6) Efforts to assess particular portions of floodplain ecosystems (e.g., wetland areas) have often
ignored other portions of the systems (e.g., aquatic areas, outer floodplain areas), reducing the
usefulness of overall efforts and providing only a partial picture of hydrologic and ecosystem
functions. In addition, all available funds are sometimes spent evaluating one, limited portion of
a system or generating a particular type of data at the expense of other portions.

(7) Progress has been made in developing a variety of "rapid” assessment techniques for
particular areas within a floodplain or subzones such as Proper Functioning Condition for
riparian areas but most such techniques are not well tested and only partially meet user needs.
They often contain simplifying assumptions which undermine their accuracy and often do not
reflect basic hydrology.
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(8) Natural resource assessment methods have become increasingly complex and often employ
special terms and language. They are also increasingly difficult to understand and use by
landowners, local governments, not-for-profits, etc. and other decision-makers. Assessment
techniques which cannot be used or understood by decision-makers including local land
planners, regulators, and others may have limited practical value despite their "scientific"
attractiveness.

The Challenge

The challenge in improving assessment of floodplain natural and beneficial values is to (1) make
better use of existing information and techniques and build upon the strengths of existing
techniques, and, (2) develop new and improved techniques for the future which are
understandable and usable by decision-makers. Future directions are explored in greater depth in
Part 9 of this report.
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PART 4:
USER NEEDS

Part 4 describes selected user needs for natural and beneficial function information.

Efforts over the last two decades to assess wetland and floodplain natural and beneficial
functions have revealed that user needs differ somewhat, depending upon the application and
context. Any effort to carry out an "on the ground™ inventory of natural functions and values
should begin with a determination of user needs in the specific context.

Needs of Local and State Land and Water Planners

Most comprehensive land use and watershed management planning takes place at the local level
although federal and state managers of public lands also play major planning roles in some
contexts. Local land and water use planners need at least generalized "upfront” and "area wide"
maps for the floodplain to allow them to develop comprehensive plans and to adopt zoning and
other regulations to implement these plans. They also need more detailed natural and beneficial
function information where development is proposed in the floodplain. Less detailed information
may suffice where they apply a "conservancy" zone approach prohibiting all alterations (except
for variances) in the floodplain.

The overall issue in local land use planning is allocating lands throughout a community to their
most "suitable” or "appropriate” uses. Information from a broad range of sources may be
"overlaid" in such efforts through GIS systems or manually to determine suitability and
appropriateness including floodplain natural and beneficial functions.

State planning needs differ somewhat from those of local governments because states do not
generally undertake comprehensive land use planning, like local governments. But states often
provide information and technical assistance to local governments and require local government
land use planning in some instances (e.g., shoreland zoning statutes, coastal zone management
statutes, “critical area” statutes, scenic and wild rivers statutes). States are also directly involved
in managing public waters, water allocations, pollution control, and public land management.
States therefore need both up-front, area wide natural and beneficial functions information and
site-specific information for specific areas for water quantity, state floodplain planning and
regulations, public water regulation, dam safety, coastal zone management, shoreland zoning,
scenic and wild river, critical area, nonpoint pollution control or similar planning and regulatory
efforts. These also include state infrastructure development (roads, highways), state land use
planning (some states such as Hawaii); and state post disaster recovery and response including
mitigation planning.

Needs of Public Land Managers
Almost one half of the Nation’s land is in federal, state, or local public ownership. The federal
government alone owns and manages 1/3 of the nation’s lands. These include national parks and

monuments, national forests, wildlife refuges, grazing lands, and lands for federal infrastructure
such as roads, dikes, and post offices. The federal government also plans and manages major
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water and flood control projects. State and local public land management efforts include state
parks, recreation areas, wildlife areas, and transportation systems.

Public land managers prepare plans and implementation strategies for their lands consistent with
specific statutory management goals. For example, U.S. Forest Service land managers prepare
plans to achieve the dual goals of forest production and broader resource management including
recreation.

Managers need at least generalized up front information concerning floodplain boundaries and
natural and beneficial functions such as wetlands, riparian zones, and habitat for endangered
species in drafting and implementing public land management plans. They need detailed
information where development (roads, bridges, buildings) is proposed. However, information
needs vary, depending upon agency statutory goals and the existing and proposed use of the land.

Figure 10. State and local floodplain regulators
require flood hazard maps. Most use the flood maps
prepared by the Federal Emergency Management
Agency.

Needs of Agencies Undertaking Floodplain and Wetland Restoration

At the federal level, the Natural Resources Conservation Service, National Oceanic and
Atmospheric Administration, Fish and Wildlife Service, Environmental Protection Agency,
Corps of Engineers, Forest Services, Bureau of Land Management and other agencies are
increasingly undertaking floodplain and wetland restoration to restore natural floodplain
functions, reduce flood and erosion losses from repetitively damaged structures and serve other
objectives. States and local governments are also undertaking restoration efforts but typically not
at as large scale.

To identify areas in need of restoration, managers at all levels of government need maps and
other information showing the location and boundaries of degraded floodplains and wetlands.
They also need to know where repetitively flood damaged development is located. They need to
know the causes of degradation and what might be done to restore identified areas.

To evaluate the benefits of restoration in a particular place, they need information concerning not
only existing but the reasonably anticipated functions of floodplains and wetlands. This requires
hydrologic information including present and anticipated future hydrologic conditions.
Information concerning both present and future conditions is also needed to evaluate the
probability of restoration project success, management needs and management costs.
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Managers require biological information to determine existing and reasonably projected
ecological functions. To evaluate the practicality of restoration they need estimates of per acre
cost for acquisition of fee or easements. Since restoration efforts on private lands usually only
involve willing landowners wishing restoration of their lands, managers need information
concerning landowner needs and preferences.

Needs of Regulators

Regulators share many floodplain assessment needs such as floodplain and wetland maps with
local and state water use planners, public land use managers, and agencies involved with
restoration. However, as regulators of private lands, they must also comply with due process, and
other legal requirements pertaining to matters such as mapping, application of regulatory criteria
to permits and monitoring and enforcement, and other statutory and administrative regulatory
requirements. They must keep records so that they are able to defend regulations in court if
challenged by landowners.

As discussed above, the information needs of wetland and floodplain regulatory programs have
increased in the last two decades due, in part, to the widespread adoption of a “no net loss” or
comparable goals in regulations and land management at federal, state, and, to a lesser extent,
local levels. The Army Corps of Engineers and EPA require through their 404 (b)(1) guidelines
that applicants for Clean Water Act Section 404 permits go through a *“sequencing” process that
involves avoidance of wetlands and floodplains, impact minimization, and compensation.
Compliance with mitigation and compensation requirements and the Floodplain and Wetland
Executive Orders, the 2007 Water Resources Development Act, the Endangered Species Act and
a number of other acts requires information concerning the geographical location of natural and
beneficial functions, their magnitude, their sensitivity to disturbance, and, in some instances,
their value.

Regulations typically require that a landowner apply to a regulatory agency for a permit if he or
she wishes to undertake regulated activities within a regulated floodplain. Regulators at all levels
of government therefore need flood maps (or GIS print-outs serving the purposes of maps)
indicating what lands and waters are and are not regulated.

Once an application is received, the regulatory agency typically first evaluates the application in
the office. A variety of existing information sources may be used such as flood maps, wetland
maps, lists of sites or maps of endangered or threatened species, maps of public lands,
topographic maps, soils maps, and watershed studies. Often the regulatory agency also sends the
permit application to other resource agencies at federal, state and local levels for comment.
Regulatory agencies rarely, themselves, undertake highly systematic assessment of all functions
and values for an entire floodplain. This is due to the complexities encountered in analyzing
functions/values, limitations upon staff and financial resources, limited time frame, and the need
to spend limited funds on other critical information that needs to be carried out such as
delineation of floodplain boundaries. The degree of analyses required depends, in large measure,
upon the size and type of project and whether any "red flags™ are identified early in the
regulatory process.
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To gather other types of information needed at a proposed development site, regulators typically
require that landowners submit various types of information with their permit applications such
as a sketch plan of the site and description of the proposed activity, land ownership information,
boundaries of the floodplain, boundaries of any wetlands, and proposed impact reduction and
compensation measures.

The regulatory agency may carry out one or more field visits to generate additional information
concerning soils, vegetation, habitat, land ownership, hazards or other information relevant to
permitting criteria. See, for example, Box 6 for factors which are considered by federal Clean
Water Act Section 404 staff in evaluating a permit application.

If any special problems or issues are identified (“red flags”), the regulatory agency may hold a
public hearing. The agency may also require the landowner to submit additional information or,
in some instances, the agency may carry out additional studies. Regulatory agencies use a variety
of informal "red flagging," ""screening," and "scoping" processes to determine whether
significant functions/values may be present at a site. These procedures often involve feedback
(for mid-size to larger projects) not only from the permit applicant but other regulatory and
resource agencies, not-for-profits, academics and others.

After this is finished, the agency denies, conditionally denies or grants the permit application.
The determination of "public interest” for Clean Water Act Section 404 permitting purposes
requires the regulatory agency to take into account floodplain functions/values, hazards, impacts,
the acceptability of those impacts, the adequacy of mitigation measures, and the adequacy of
compensation measures. See Box 6.

Box 6
Factors Considered In a Section 404 ""Public Interest Review""

Section 320.4 (a)(l) of the U.S. Army Corps of Engineers Administrative Regulations requires
the consideration of the following factors in evaluating a Clean Water Act Section 404 permit:

« Conservation

« Economics

o Aesthetics

« General environmental concerns
« Wetlands

« Historic properties

o Fish and wildlife values

« Flood hazards

« Floodplain values

o Landuse

« Navigation

« Shore erosion and accretion

o Recreation

« Water supply and conservation
« Water quality
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o  Energy needs

o  Safety

o  Food and fiber production

e  Mineral needs

. Consideration of property owners, and, in general, the needs and welfare of the people

Box 7
Floodplain Information Needed By Stage of Regulation

The types of information and the levels of detail and accuracy needed vary, depending upon the
stage of a floodplain management program:

1. Information sufficient for adoption of a floodplain regulatory ordinance. Local
governments usually need floodplain maps prior to adoption of floodplain regulatory ordinances
although some have done so with written definitions of the floodplain. Maps typically show
floodplain boundaries and flood depths for the 100-year flood. Maps showing floodway and
erosion area boundaries may also be needed if local governments wish to adopt floodway or
erosion area regulations. However, less detailed data is needed where a local government adopts
conservancy zoning. Conservancy zoning limits activities in floodplains to open space activities,
subject to variance or special exception procedures.

2. Information sufficient to "'red flag™ activities for early rejection of a permit or to identify
functions, issues, problems, etc. requiring more detailed studies. A regulatory agency may
“red flag” a permit application or a particular aspect of an application based upon wetland maps,
topographic maps, soils maps, and other types of existing information that suggest special
functions, values, issues, or problems at a site. The governmental unit may identify such features
by not only carrying out fact-finding on their own but referring a permit application to other
agencies for comment. An agency may also carry out one or more field visits to identify possible
high velocity flow areas, possible wave action areas, possible endangered species areas or other
areas of special functions or problems.

3. Information sufficient to determine whether alternatives exist to the proposed permit
activities. This requires examination of not only the site but adjacent areas and other
“alternative” areas to the proposed floodplain activity.

4. Information to evaluate the sufficiency of the efforts to reduce ecological and hazard
losses and to evaluate floodplain restoration, creation, or enhancement plans to compensate
for losses. Additional on-site and off-site information may be needed concerning parcel
characteristics, existing and reasonable anticipated future hydrology, and ecosystem
characteristics.

5. Information sufficient for monitoring and enforcement. Regulatory agencies need time-
series information to judge the success of projects and to form the basis for corrective measures
if projects fail to meet permit standards and conditions. This information must be gathered and
stored in formats sufficient for use in court.
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PART 5:
ASSESSING “FUNCTIONS”

Part 5 examines in greater detail the assessment of floodplain natural and beneficial “functions.”
Definition of “Function”

The term “function” is broadly used in many statutes, regulations, books and reports to mean the
potential of a floodplain to produce goods and services of value to society like those identified in
Boxes 2 and 3. However, many scientists use the term “function” in a more restricted sense to
mean the natural processes which produce such goods and services. The two definitions of
function overlap since the ultimate goal of many efforts to assess processes is to estimate the
potential of a floodplain to provide goods and services. See Appendix E for a further discussion
of “function.”

The term “value” has also often been used broadly in wetland and floodplain contexts in a
manner similar to the term “function” to denote goods and services important to society such as
flood storage, pollution control and wildlife habitat. The term “value,” however, has not been
confined to natural processes alone and has been used to refer to historical, aesthetic and other
cultural goods and services as well.

The term “value” has also been used more specifically in some contexts to suggest monetary
“worth” to society or social significance. We use the term “value” in the present report broadly
to mean social significance or worth including but not limited to monetary worth.

Desirability of Objective Fact-Finding

Whatever definition is used for “function” and “value” in an assessment effort, separation of
"objective™ fact-finding from more subjective determination of societies' preferences is often
useful. Physical features of floodplains including natural processes and project impacts can be
categorized, studied, described, measured and modeled by scientists, engineers and other experts
with a fair amount of objectivity. This is also true for proposed compensation measures.
Separation of objective data-gathering from assessment of more subjective factors in analyzing
floodplains can facilitate a "meeting of the minds" between resource agencies, the regulatory
agency, and a landowner or his or her consultant. Agreeing on "facts” can be an important step in
reaching a later agreement on application of policy.

But the objective "facts" that can be measured in the field are not confined to on-site physical,
chemical and biological “processes.” Objective facts relevant to regulatory permitting and
detailed planning and analysis include floodplain size and width, depth of flooding and a wide
range of social or cultural characteristics including impacts of proposed changes in floodplains
upon landowners, public infrastructure, and the general public. These facts can be, to a greater or
lesser degree, objectively measured and described much like natural processes. They are
important to the evaluation of the impact of a proposed activity upon floodplain goods and
services set forth in statutes and other regulations and the adequacy of various measures to
reduce and compensate for impacts to these goods and services. For example, a floodplain
serving as a flood storage area may decrease flood heights and resulting damage to existing or
potential residential houses by 1 foot, 2 feet, 3 feet, etc. The critical issue from a manager’s

29



perspective is not only what is happening hydrologically and hydraulically but how this will
affect the flooding of downstream, adjacent and upstream landowners.

Separation of objective fact-finding of “functions” from more subjective analysis of “values” or
broader “social significance” is desirable as long as the validity of both assessing natural
processes and the relevance of the functions produced by these processes to the needs of people
are both recognized.

Floodplain Characteristics Determining Functions
The ability or capacity of a specific floodplain to provide natural and beneficial functions (i.e.,

goods and services) depends upon a variety of factors outlined in Box 8. Of the various features,
hydrology is most important and often the most difficult to evaluate.

Box 8
Floodplain Characteristics Important to the Capacity of Floodplains
to Produce Goods and Services
(Natural and Beneficial Functions)

« Overall hydrologic and geologic setting including climate, rainfall, topographic
form, geology, soils.

« Fluvial processes and geomorphology: the erosion and depositional processes which
determine the vertical and lateral position of the water body relative to the floodplain.

« Overall ecological setting including adjacent upland and deepwater habitats.

« On-site hydrologic and hydraulic characteristics including fluctuations in water levels,
hydroperiod.

« Water quality, water chemistry (e.g., Ph), nutrients.

« Flora (vegetation): types, diversity of types, condition.

« [Fauna (animals): types, diversity of types, condition.

« Persistence, longevity of the floodplain and floodplain features (i.e., will a wetland be here
in 10 years?).

« "Connectivity" with other wetlands, waters, upland habitat.

« Size and shape (e.g., edge ratio).

« Existing uses and alterations and restoration potential.

« Presence or absence of buffers.

« Presence or absence of active management measures (e.g., exotic weed control, water level
control, fencing of cattle, etc.).
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Importance of Floodplain Hydrology

All floodplain functions directly or indirectly depend upon floodplain hydrology, which is a term
used here to include the forms and processes associated with watershed hydrology, hydraulics
and geomorphology. Floodplain natural hazards are dependent upon the presence of human
investments; the size, timing and duration of run-off events; and whether flood flows have the
potential to either inundate or erode any property due to site-specific hydraulic or geomorphic
conditions. Functions such as flood storage, flood conveyance, groundwater recharge and water
supply are directly dependent upon floodplain hydrology. Others, such as wildlife habitat, are
indirectly dependent upon floodplain hydrology because hydrology and soils determine
vegetation and vegetation determines food supply. It is important, therefore, that assessment of
floodplain natural and beneficial functions involve not only analysis of present but reasonably
projected future floodplain hydrology including potential impacts of climate change.

It is the "water connection™ that distinguishes floodplains from upland systems. The frequency
and depth of flooding and saturation, the erosion and deposition of sediments and organic matter,
in turn, determine the ecological niches provided by specific floodplains and portions of
floodplains. Ecological niches for various plants and animals change somewhat through the
seasons and vary from year to year with variations in rainfall and runoff. In addition, hydrology
and hydraulics change over time as urbanization and other changes occur in watersheds. For
example, peak flows often increase 5-8 times (or more) for small streams in urbanizing
watersheds and total run-off may also be substantially altered. This can greatly affect functions.

Unfortunately, it is not possible to accurately determine floodplain hydrology through a single
field visit to a site or by examining an air photo or satellite image. Similarly, it is not possible to
accurately characterize the capacity of a floodplain to produce certain vegetation or
animal/wildlife from a single field visit because both vegetation and animal/wildlife vary
seasonally and from year to year in response to changes in water levels. Climate change in many
instances will further complicate analysis.

Often the only approach for accurately assessing existing floodplain hydrology is to carry out
field studies involving observations over time such as multi-year stream gauging for a river, the
use of time-series air photos, or multiple field visits to observe water levels and velocities,
plants/wildlife, and other features. But, time series studies are time-consuming and costly. And,
they often cannot be carried out in the typical short timeframe of regulatory permitting.

Deducing Floodplain Hydrology from Vegetation, Soils, Other Features

Because of these restraints, floodplain managers use a variety of techniques examined in Part 8
to reduce costs and generate needed data. These include use of techniques to capture whatever
hydrologic information is available such as flood elevations. Managers may hold interviews with
local engineers, police, hunters, landowners, and others who have made observations (e.g., flood
heights) at particular sites. In addition, they may attempt to deduce or imply floodplain
hydrology from vegetation, soils, and other observable features. They may, in some instances,
extrapolate from known to unknown areas. For example, floodplain managers may use stream
flow and ecological information from one study stream in a region to suggest stream flow
characteristics and ecological characteristics for another stream.

31



These techniques can help. Nevertheless, accurately evaluating existing and projecting future
floodplain hydrology is difficult and there are often large margins of error.

Models for Assessing Functions

Models and methods for assessing functions may be broadly grouped in three overlapping
categories which share characteristics but differ in their foci:

« Models for assessing the potential of floodplains to produce “goods and services”
« Models for assessing floodplain/wetland natural “process” and
« Models for assessing floodplain/wetland “condition.”

We will briefly consider each.
Models for Assessing the Potential of Floodplains to Provide “Goods and Services”

Almost all assessment models may, to a lesser or greater extent, be used to assess the potential of
floodplains to produce goods and services. However, some models focus more than others upon
the end-result of various floodplain processes and their potential for providing functions of value
to people. Goods and services are primarily produced by natural processes but cultural, aesthetic,
historical, and recreational factors also play a role.

Models for assessing the potential for providing goods and services help regulatory agencies
comply with statutes and administrative regulations, which require them to evaluate the impact
of proposed activities upon specific types of goods and services (e.g., flood storage, erosion
control, pollution control), the adequacy of impact reduction measures, and the adequacy of
compensation measures. See Box 6.

Rapid assessment models for evaluating goods and services may help “target” or “red flag”
broader issues, impacts, problems, restoration potential or other features of floodplains in
“public interest” regulatory and other management contexts.

In the 1980s and until 1996, much of the national attention in wetland assessment focused upon
methods for assessing potential for providing “goods and services.” During this period, the
Wetland Evaluation Technique (WET) was developed by the Federal Highway Administration in
cooperation with the Corps and other federal agencies. This technique used lists of questions,
existing information, limited field observations and professional judgment to guide the user in
assessing wetland functions and values. The technique also considered social factors
(opportunity and social significance). Many states developed what have been called “baby”
WETSs in this period. These