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FOREWORD

Twenty-five years ago a report by the Bureau of the Budget to the President of the United States
called for a “Unified National Program to Reduce Flood Losses.” Much has happened since that
recommendation was put forth in 1966. In 1991, Floodplain Management in the United States: An
Assessment Report (the Assessment Report) measures the pulse of national efforts at floodplain
management. The purpose of the Assessment Report is to document the progress that has been made
and to identify new directions that may be pursued to reduce flood losses and protect floodplain
natural values.

The term “floodplain management” has been a source of some confusion. The term has evolved
over the years along with our experience and ideas for addressing the problems related to use and
development of the Nation’s riverine and coastal floodplains. During the 1930s to 1950s, floodplain
management was typically defined in terms of flood control projects. This definition was tempered
by recognition and acceptance of nonstructural approaches to flood problems during the 1960s.
Then, in 1968, the National Flood Insurance Act directed the President to report to Congress on
progress toward achieving a “Unified National Program for Floodplain Management” and suggested
a much broader definition of floodplain management, a definition concerned with wise use of the
Nation’s floodplains. In more recent years, the importance of the natural resources and ecological
functions associated with floodplains has become widely recognized, and the definition of floodplain
management has been further expanded.

This evolution of thinking is today reflected in A Unified National Program for Floodplain
Management (1986) prepared by the Federal Interagency Floodplain Management Task Force.
Briefly stated, floodplain management is a decision-making process driven by the goal of achieving
wise use of lands subject to flooding. “Wise use” is use compatible with: 1) the risk to human life
and property posed by flooding; and 2) floodplain natural resource functions such as water quality
functions and biological resource functions. Compatibility of floodplain use with risks to life and
property is achieved through the three strategies of modifying susceptibility to flooding, modifying
flood waters, and modifying the impact of flooding. Compatibility with natural resource functions
is achieved through the two strategies of floodplain preservation and restoration. A variety of “tools”
are used to accomplish each of these strategies.

This assessment of floodplain management in the United States has been prepared in response to
recommendations contained in A Unified National Program for Floodplain Management (1986) which
was transmitted by the Interagency Task Force to the President and the Congress. The Assessment
Report provides a compilation of information concerning the nature of floodplains and experience
with the various strategies and tools for managing floodplains. The report also provides an
evaluation of the current status of floodplain management as seen by floodplain management
experts.

Task Force member agencies have concurred with the content of this document, and believe that the
assessment will serve as a benchmark against which future progress may be measured and as a
platform on which to develop recommendations for improving the Nation’s floodplain management
efforts. These recommendations will be incorporated in the Task Force’s 1992 update of A Unified
National Program for Floodplain Management.
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The Task Force recognizes that any assessment of a subject as complex and constantly evolving as
floodplain management will never be truly complete and that some inaccuracies will occur in spite
of diligent efforts to avoid them. We therefore welcome and encourage any comments, suggestions,
and corrections pertaining to the information and conclusions contained in the Assessment Report.

Thanks are due to all who contributed information and ideas to the assessment. In particular, the
Task Force wishes to acknowledge the principal contractor — the late Larry R. Johnston who passed
away when the assessment was more than 95% completed. His driving commitment to “making a
difference” in floodplain management and his unswerving dedication to the highest standards of
professional quality are evident throughout the report.

Frank H. Thomas, Chair
Federal Interagency Floodplain Management Task Force
Federal Emergency Management Agency
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PREFACE

In 1987, the Federal Interagency Floodplain Management Task Force commissioned an assessment
of floodplain management in the United States. At that time, it was envisioned that the assessment
could be completed in approximately two years. Hindsight now shows our originally proposed
schedule to have been overly ambitious and unrealistic. Riverine and coastal floodplains are a large,
diverse and dynamic part of our Nation. We did not, at the outset of our efforts, perceive the extent
of difficulty that would be associated with obtaining, compiling and evaluating data from numerous
sources in order to describe the various programs and activities that affect the Nation’s floodplains.
In addition, more time than originally anticipated was needed to actively seek and reflect the views
of those having important knowledge of the effectiveness of floodplain management. The project
was also beset by a personal tragedy, further delaying completion.

Now that the Assessment Report is finished, we can more fully appreciate the scale and complexity
of any attempt to comprehensively assess floodplain management on the National level. Because
of the evolving nature of floodplain management and the physical and other changes constantly being
experienced in the Nation’s floodplains, we can also appreciate the fact that no such effort at
assessment can ever be considered as truly complete.

In carrying out the assessment, a preliminary report — A Status Report on the Nation’s Floodplain
Management Activity: An Interim Report — was first prepared to include a description of the Nation’s
floodplains and the measures being applied to reduce losses caused by flooding. An evaluation of
the effectiveness of those measures was then carried out and the results of the two efforts were
combined to provide the basis for the Assessment Report. An important goal of the overall
assessment was to provide a balanced view of the implementation of all floodplain management
measures and the activities of all governmental levels and the private sector.

The efforts of the many individuals, agencies and organizations that contributed to the assessment
and to completion of the Assessment Report were exemplary. L.R. Johnston Associates (the
contractor) was selected by the Task Force to conduct the assessment. The contractor’s project team
included Leslie A. Bond Associates, J.A. Kusler Associates, and the Association of State Floodplain
Managers, Inc. A National Review Committee, consisting of recognized floodplain management
experts, was established by the Task Force to assist in carrying out the assessment.

Larry R. Johnston, principal author of the Assessment Report, died in November of 1990 when his
work was nearly complete. The Task Force contracted with his estate and with the Natural Hazards
Research and Applications Information Center at the University of Colorado, Boulder, to assist in
finishing the Assessment Report. Geoffrey Steadman and Jacquelyn Monday were employed,
respectively, under those contracts. Gilbert White graciously consented to provide an invited
comment. The Natural Hazards Center also prepared an Executive Summary.

Readers of the Assessment Report may identify several limitations of content and organization that
are to be expected in any effort of such broad scope. There is, for example, some concern that on-
going contributions to floodplain management by the nonfederal sector are not fully documented in
the report. It is difficult to determine and describe all of the nonfederal efforts, particularly those
that are independent of federal programs and policies. In some instances, information and
aggregated data on the nonfederal contributions have not been previously compiled or readily
available. Also, data pertaining to the effectiveness of floodplain management measures are typically
incomplete and hence the difficulty in assessing, with certainty, the effectiveness of some measures.



The repetition of material between chapters may also be of concern to some readers. The report
is designed to be a reference document and each chapter was written to stand by itself. We assume
that readers will study and use the information in selected chapters according to interest and need.

The significance of the Assessment Report is apparent when one considers that prior to its issuance
there had been no single comprehensive statement on the Nation’s floodplain management activity
since House Document 465, A Unified National Program for Managing Flood Losses, was issued in
1966. Thus, there was no comparative basis for evaluating over time the effectiveness of various
tools, policies, and program planning efforts for floodplain management, and no comparative basis
for justifying program budgets.

Funding for the assessment was provided by the following member agencies of the Federal
Interagency Floodplain Management Task Force: Department of Agriculture; Department of the
Army; Environmental Protection Agency; Federal Emergency Management Agency; Department of
the Interior; and the Tennessee Valley Authority. Because of the TVA’s long history of floodplain
management experience, expertise and leadership, the Task Force requested that the TVA take the
lead role in managing the interagency effort, including the contracting of professional services.

The Assessment Report could not have been completed were it not for the many efforts of an
Advisory Committee of the Interagency Task Force. The members of the Advisory Committee
secured agency support and funding, assisted in the collection of data from federal agencies, met on
numerous occasions with the contractor (and later with others) to review progress and provide
requested advice and direction, reviewed and commented on various draft documents, and provided
for the review and input of others. Members of the Advisory Committee are:

Bruce Brown, Bureau of Reclamation

Billy Colson, U.S. Geological Survey

Wayne Graham, Bureau of Reclamation

Ross MacKay, Federal Emergency Management Agency
John Meagher, Environmental Protection Agency
Jeanne Melanson, Environmental Protection Agency
Jerry Peterson, U.S. Army Corps of Engineers

Larry Roberts, Bureau of Reclamation

Frank Thomas, Federal Emergency Management Agency
Don von Wolffradt, Soil Conservation Service

Jim Wright, Tennessee Valley Authority

This Assessment Report can be largely attributed to Larry R. Johnston, whose talents, energy and
enthusiasm were well-suited for the required effort and who was instrumental in the
conceptualization, preparation and completion of the work. We hope that the information and
findings contained in the report will improve understanding of the current status of floodplain
management and be of benefit to future efforts to advance the wise use and conservation of our
Nation’s floodplains. Comments are welcomed, particularly views on the completeness and accuracy
of the assessment. Additional, more periodic reporting on progress toward implementation of a
Unified National Program for Floodplain Management should be expected in the future.

James M. Wright
Project Manager
Tennessee Valley Authority
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FLOODPLAIN MANAGEMENT IN THE UNITED STATES:
AN ASSESSMENT REPORT

EXECUTIVE SUMMARY

This assessment of floodplain management in the United States was commissioned by the Federal Interagency
Floodplain Management Task Force — representatives of the Federal Emergency Management Agency; Departments
of Agriculture, Army, Commerce, Energy, Housing and Urban Developmenit, Interior, and Transportation; the
Environmental Protection Agency; and the Tennessee Valley Authority — in order to report to the public and to the
Congress on progress toward implementation of “A Unified National Program for Floodplain Management” [Section
1302(c) of the National Flood Insurance Act of 1968].

THE NATION’S FLOODPLAINS, THEIR VALUE, AND THEIR FLOODS
FLOODPLAINS

Estimates of the extent of the Nation’s floodplains vary according to the areas measured. The U.S. Water
Resources Council estimated in 1977 that they comprise about 7%, or 178.8 million acres, of the total area of
the United States and its territories. A 1991 study by the Federal Emergency Management Agency that
examined all mapped floodprone communities estimated there are about 93.8 million acres. This land includes
areas next to rivers and streams, and the shores of oceans, lakes, and other bodies of water. Floodplains
include many of the Nation’s most beautiful landscapes, productive wetlands, fertile soils, and valuable natural
habitat, as well as significant archaeologic and historic sites. Portions of almost all major cities and many
smaller communities are located on or near floodplains.

THE VALUE OF FLOODPLAINS

In their natural state, floodplains have enormous value. They typically provide natural flood and erosion
control, help maintain good water quality, and contribute to sustaining groundwater supplies for the Nation’s
water resources. Their wetlands and other unique riparian ecosystems provide a wide variety of fish and
wildlife habitats and frequently support large and diverse populations of flora and fauna which are living, or
biologic, resources. Additionally, they include many economic and cultural resources. They yield a harvest of
natural and cultivated products; provide space for recreation, scientific study, and outdoor education; and
encompass many sites of historic and archaeologic interest.

FLooDs

Riverine and coastal floodplains are, by definition, lands shaped by and continually subject to inundation.
Riverine flooding — the most common type of flooding in the United States -— can result not only from heavy
rainfall and rapid snowmelt but also from dam or levee failure, ice jams, and channel migration. The resultant
inundation can be relatively slow, or, in the case of flash flooding, devastatingly sudden. Coastal flooding and
erosion can be caused by hurricanes, severe storms, tsunamis, or rising sea or lake levels. In addition, natural
erosion can be accelerated by human development and poorly planned beach protection measures. Other
floodprone areas include alluvial fans, urban areas where flooding is exacerbated by surface runoff and locally
inadequate drainage, and areas affected by land subsidence and various forms of ground failure, such as mud
floods, debris flows, and liquefaction.



FLOODPLAIN LLOSSES

Today, the Nation includes nearly 22,000 floodprone communities. In recent years the annual growth rate in
these areas, especially in coastal regions, has greatly exceeded that of the country as a whole. This large-scale
development and modification of riverine and coastal floodplains has exacted a high price in damages due to
floods.

The two main kinds of floodplain losses are loss of life and property and loss of natural and cultural resources.
The actual and relative amounts of these losses are not well quantified, and the gathering of reliable, consistent
data on injuries, deaths, damages, and the provision of aid remains a significant need in floodplain manage-
ment. However, it is known that between 1916 and 1985 there were, on average, 101.4 flood-related deaths
annually and that there is no indication that deaths are increasing or decreasing on a per capita basis. On the
other hand, there definitely has been an increase in property damages over that 70-year period. Per capita
flood damages were almost 2.5 times as great from 1951 to 1985 as from 1916 through 1950, after adjusting
for inflation. Floods account for more losses than any other natural disaster in the United States (with the
exception of some drought periods) and flood damages constitute the bulk of federal financial aid for disasters.

Less well quantified, but perhaps equally significant, is the loss of floodplain resources due to human use of
the floodplain and subsequent degradation and flooding. All three types of floodplain resources — water,
living, and cultural — are threatened by human activity in the floodplain. For example, widespread clearing
and development can result in increased runoff, flooding, and erosion; waste disposal can degrade surface and
groundwater; and drainage, alteration, and development can destroy natural wildlife habitat and the aesthetic
and recreational attributes of floodplains and wetlands.

MANAGING FLOODPLAINS TO REDUCE LOSSES
THE HISTORY OF FLOODPLAIN MANAGEMENT

Before 1965, government acted to reduce floodplain losses primarily in response to major disasters, and most
of these efforts involved structural measures (channelization, the construction of dams, levees, etc.). During
the mid-1960s, federal policy began to broaden to include nonstructural means, and the last 25 years have
witnessed a major expansion in floodplain management practices that incorporates better ways for analyzing
and predicting flooding, recognizes the importance of the natural resources of floodplains, and adjusts the
responsibilities of federal, state, and local governments and the private sector. Zoning and other land use
regulation, flood forecasting, federal flood insurance, alternative stormwater management techniques, and
relocation of property have all become significant floodplain management tools.

THE MANAGEMENT FRAMEWORK

Floodplain management is carried out within a structure of legislative, administrative, economic, and judicial
opportunities, incentives, and constraints that is tempered by public interest and the availability of needed
information. The Unified National Program for Floodplain Management establishes as a basic national goal
the wise use of floodplains; sets forth the conceptual framework of a multi-objective approach to use of the
Nation’s floodplains, including flood loss reduction and natural resource protection; identifies implementing
strategies and tools; and recognizes the respective roles of each level of government and the private sector.

There are four main strategies for reducing floodplain losses, each of which is carried out by using one or more
specified “tools” — activities undertaken by governments, individuals, or the private sector that have an impact
on floodplain management:

1. Modifying susceptibility to flood damage and disruption — the floodplain management strategy of avoiding
dangerous, uneconomic, undesirable, or unwise use of the floodplain. The tools used to implement this
strategy are regulations; development and redevelopment policies; disaster preparedness; floodproofing



and elevation; and flood forecasting, warning systems, and emergency plans. This strategy has enjoyed
widespread, fairly successful implementation.

2. Modifying flooding — the floodplain management strategy of using structural means to alter the flood itself.
Structural measures include dams, reservoirs, dikes, levees, floodwalls, channel alterations, high flow
diversions, spillways, land treatment measures, shoreline protection works, and stormwater management
facilities. Although flood control projects have prevented much damage and suffering, the number and
size of structural projects have been decreasing in recent years. High construction costs, increased
cost-sharing requirements, increased recognitionof environmental consequences,and greater understanding
of the long-term costs and consequences of these measures have all deterred new construction of large
structures. However, local and private construction of smaller flood control projects is certain to continue
and may even increase.

3. Modifying the impacts of flooding on individuals and the community — the floodplain management strategy
of helping individuals and communities prepare for and recover from floods. The tools used to implement
this strategy include information dissemination and education, spreading the costs of the loss over time and
among those at risk, and transferring some individual losses to the community. Although there has been
great improvement in recent years in many aspects of the present combination of public education, flood
insurance, disaster assistance, tax adjustments, and postflood recovery practices, the overall effectiveness
and equity of these efforts are not clear.

4. Restoring and preserving the natural and cultural resources of floodplains — the floodplain management
strategy of protecting the water, living, and cultural resources of floodplains. The best way to guard these
resources is to avoid development within floodplains. Limited preservation and restoration can also be
accomplished indirectly through other flood loss reduction activities or natural resources management pro-
grams. The latter, however, typically do not focus on floodplains but instead address a particular resource
throughoutits natural range. Because these approaches may have limited relevance to floodplain manage-
ment, some local jurisdictions have moved toward programs to combine other community objectives with
floodplain management. These multi-objective programs typically take two forms: greenway or river
corridor projects and community redevelopment projects.

THE EFFECTIVENESS OF FLOODPLAIN MANAGEMENT
PERCEPTION AND AWARENESS OF FLOODPLAIN LOSSES

Substantial progress has been made in increasing institutional awareness of the flood risk. However individual
awareness is generally inadequate, resulting in unwise development of flood hazard areas and disregard for the
value of natural floodplains. Local perception of flood hazards — by both governments and floodplain
residents — is related to previous experience with flooding; the extent to which the floodplain is developed;
the existence of structural control measures; the seriousness of flooding in relation to other community
problems; and attitudes about land use, water resources management, and regulations. In general, the threat
of damage from coastal flooding seems to be taken more seriously by communities than is damage from
riverine flooding,

The protection of the natural and cultural resources of floodplains is becoming a popularly expressed
environmental objective and represents a potentially broad base of public support for floodplain management.
Informing and educating the public about both flood risk and the importance of the natural and cultural
resources of floodplains remains an ongoing effort requiring ingenuity and persistence.

KNOWLEDGE, STANDARDS, AND TECHNOLOGY

Effective floodplain management requires a sound understanding of the physical, biological, and chemical
processes that affect flood hazards and the natural resources of floodplains, and an appreciation of the social



processes involved in human interaction with them. Additionally, the institutions and individuals that deal with
floodplain problems must have a broad base of information, a range of technologies to deal with emerging
problems, and standards to which they can refer for guidance. Research in both the public and private sectors
has enhanced our knowledge and provided new and better tools in all of these areas.

JUDICIAL SUPPORT FOR FLOODPLAIN MANAGEMENT

Over the last few decades the types of lawsuits and the specific issues litigated in floodplain management have
changed, reflecting the predominant floodplain management techniques of the time and the general status of
the relevant law. Today, although courts continue to hold governments liable for actions that increase flood
damages, the number of constitutional challenges to regulations has diminished, due to continuing, widespread
judicialsupport for regulation. Clearly, performance-oriented floodplain regulations (buildingcodes, subdivision
regulations, etc.) will continue to be upheld in the courts despite restrictions that may affect private property
owners in some instances. Likewise, carefully crafted flood loss reduction measures will reduce community and
state liability in the long run.

THE PRESENT AND THE FUTURE

Regarding the effectiveness of floodplain management in the United States, there is general agreement on
three goals and the Nation’s success in meeting them:

1. Floodplain management should reduce the number of flood-related deaths in the Nation. This goal
has been partially achieved. Average annualloss of life from flooding has been somewhat reduced
from the level that prevailed early in this century and has remained relatively constant for many
years.

2. Floodplain management should result in an actual decline in the Nation’s overall flood losses. This
has not been achieved. In fact, there was a definite increase in flood damages from 1916 to 1985,
although there is evidence that these losses have remained fairly constant over the last two
decades when compared to broad economic indicators like the GNP.

3. Floodplain management should reduce the loss of the natural and cultural resources of the Nation’s
floodplains. The programs designed to achieve this goal have not yet arrested that deterioration.

The difficulty in evaluating current floodplain management efforts underscores two critical needs for improving
the Nation’s floodplain management program. First, floodplain management would greatly benefit from a clear
definition of its function and a set of measurable goals meant to be achieved by a certain date. Second,
floodplain management would also benefit from a comprehensive data base of information on management
activities. There is considerable information available about floodplain management, but most of it is not
sufficiently precise to support judgments about the effectiveness of various floodplain management activities.
Some specific areas that merit analysis include the full benefits and costs — both public and private — of
floodplain occupancy, the monetary benefits of maintaining the natural uses of a floodplain, and the steps
needed to reduce potential losses in the areas of the Nation with the highest risk of catastrophic flooding.

CONCLUSIONS

Although a truly unified national program to manage floodplains is not yet in place, great strides have been
made in that direction. For example, awareness of flood hazards — particularly among public officials — has
clearly increased, while loss of life and injury due to flooding has been curtailed. Nationwide mapping of
floodprone areas by the Federal Insurance Administration has resulted in the initial mapping of more than
12,000 communities and the restudy of over 1,700 communities since coordinated studies began in the 1960s.
Eighty-two percent of all floodprone communities in the United States have joined the National Flood



Insurance Program. On the technical side, computers are increasingly being incorporated into floodplain
management and now facilitate such functions as hydrologic modeling, flood warning, and floodplain mapping.

These achievements notwithstanding, additional accomplishments could be realized through better, more
extensive, and more flexible use of the strategies and tools of floodplain management. Of the four strategies,
modifying flooding has traditionally been the most popular because most of the planning, funding, construction,
and implementation for structural measures is carried out by the state or federal government, and because local
and individual adjustments or sacrifices are minimal. Although there is increased recognition of possible
adverse effects of these approaches, they are clearly still needed, particularly to protect existing development.

In comparison to structural approaches, many measures to modify susceptibility to flood damages or to modify
the impacts of flooding are implemented on a property-by-property basis. With its increasing acceptance,
modifying susceptibility to flooding may have the most potential for widespread future use, because its tools
can be coordinated with other strategies and because it provides an ongoing, more enduring way of adjusting
to the flood hazard — that is, altering human behavior usually before losses occur.

In contrast, the strategy of restoring and preserving the natural and cultural resources of floodplains has had
little exposure to date and needs to be better integrated both with other floodplain management tools and
strategies and with efforts in other fields, such as river corridor management and pollution control.

Looking ahead, further integration of these individual strategies and tools is inevitable, and, combined with
technological advances that promise to improve their application, a more unified floodplain management
program will certainly emerge, with fewer conflicts among goals and activities. Again, however, if we are to
develop a truly Unified National Program for Floodplain Management, several actions must be pursued. Two
appear particularly necessary: the concept of floodplain management must be well defined with specific national
goals and timetables; and the base of information on floodplain management must be compiled in a more
usable form.




INTRODUCTION

...Rivers were here long before man, and for untold ages every stream has periodically exercised
its right to expand when carrying more than normal flow. Man’s error has not been the neglect
of flood-control measures but his refusal to recognize the right of the rivers to their flood-way...

Engineering News-Record, 1937

ASSESSMENT OF THE NATION’S PROGRAM!
FOR FLOODPLAIN MANAGEMENT?

In 1987, the Federal Interagency Floodplain Management Task Force (the Task Force) initiated an
“Assessment of Floodplain Management in the United States.” The Assessment was commissioned
to advance an earlier recommendation of the Task Force to “provide evaluation of floodplain
management activities with periodic reporting to the public and to the Congress on progress toward
implementation of a ‘Unified National Program for Floodplain Management’.” This recommendation
was presented in the Task Force’s 1986 report entitled A Unified National Program for Floodplain
Management. The Assessment is particularly significant given the lack of comprehensive statements,
examination, or assessment of the Nation’s floodplain and flood hazard management activities since
the landmark report A4 Unified National Program for Managing Flood Losses was published in 1976.
The Assessment, which has provided an initial evaluation and report, establishes a basis for the Task
Force to consider changes that may be needed to update and revise its 1986 report.

The Assessment is presented in three separate documents:

1) Floodplain Management in the United States: An Assessment Report (Volume 2: Full Report). This
full report (the Assessment Report) describes in detail the evolution of current floodplain
management activities and use of the several strategies and tools recognized as available for
managing the Nation’s floodplains and reducing flood losses. This document also provides an
assessment of the effectiveness of the individual tools and of the Nation’s overall program for
floodplain management.

! Based on available data, information and program status as of the end of 1990.

?  “Floodplain management” is a decision-making process whose goal is to achieve wise use of the Nation’s
floodplains. “Wise use” is any activity or set of activities that is compatible with the risk to natural resources
(natural and beneficial functions of floodplains) and human resources (life and property). Compatibility
is achieved through the strategies and tools of the Unified National Program for Floodplain Management.
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2) Floodplain Management in the United States: An Assessment Report (Volume 1: Summary Report).
This separate and shorter report summarizes the information presented in the Assessment Report.

3) An Executive Summary. (Also included in Volume 2.)

DEVELOPMENT OF THE ASSESSMENT REPORT

In preparing this Assessment Report, the authors relied heavily on the professional judgments and
sometimes divergent views of many individuals and groups actively involved with or affected by
floodplain management activities. The Assessment Report evolved from A Status Report onthe Nation’s
Floodplain Management Activity: An Interim Report (the Status Report), prepared by L.R. Johnston
Associates for the Task Force in April of 1989. The major sources of information used to prepare
the Assessment Report were:

s Comments provided by numerous government agencies, private organizations, and individuals
who reviewed the Interim Status Report and responded to a questionnaire regarding the
effectiveness of floodplain management;

e Comments by a committee (National Review Committee) of prominent floodplain and natural
resource management professionals assembled for the specific purpose of assisting the Task
Force in evaluating the effectiveness of floodplain management. (Appendix F contains the
Committee’s final report entitled “Action Agenda for Managing the Nation’s Floodplains”);

o Responses to a 1987-88 survey by the Association of State Floodplain Managers of state
floodplain management activities.

o Responses from participants in a group of workshops held during the Association of State
Floodplain Managers’ national conference in June 1988 and responses from questionnaires
distributed at this and two other national conferences during 1988;

¢ Published literature; and

e Comments from knowledgeable individuals concerned with floodplain management.

COMMENTS FROM GOVERNMENT AGENCIES AND PROFESSIONAL
AND NONPROFIT ORGANIZATIONS

In 1989, the Task Force sent a questionnaire to a number of government agencies and professional
and nonprofit organizations.3 These questionnaires were designed to obtain observations on the
effectiveness of present floodplain management activities and possible actions to improve future
activities, as well as comments on the Status Report. Many reviewers responded with valuable,
detailed comments; some also provided useful supplemental materials. All of the comments and
materials received were carefully evaluated and incorporated into the Assessment to the extent
feasible.

3 Alist of the government agencies and professional and nonprofit organizations that were contacted, along
with a copy of the letter and questionnaire sent to each, is included in Appendix E.
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COMMENTS FROM THE NATIONAL REVIEW COMMITTEE

A National Review Committee consisting of prominent floodplain and natural resource management
professionals was formed by the Federal Interagency Floodplain Management Task Force in 1989.
Chaired by Gilbert F. White, the Committee consisted of: Raymond J. Burby, Gerald E. Galloway,
James E. Goddard, James G. Gosselink, H. James Owen, Rutherford H. Platt, William E. Riebsame
(Vice Chair), John R. Sheaffer, French Wetmore, and Stanley M. Williams. The Review Committee
reviewed the Status Report and provided detailed comments on the data and analysis contained in
that report. Members of the Committee also prepared preliminary papers addressing the
effectiveness of floodplain management and conducted two day-long meetings to review those papers.
James M. Wright and Frank Thomas from the Task Force and Larry Johnston of L.R. Johnston
Associates were observers at those meetings which led to formulation of the Committee’s “Action
Agenda for Managing the Nation’s Floodplains” (the Action Agenda).

The Action Agenda report, which is included in its entirety in Appendix F, contains the Review
Committee’s observations on the present floodplain management situation, the evolution of the
national floodplain management goals, and some key factors that affect the ability of government
agencies and the private sector to improve floodplain management capabilities. The report ends with
the Committee’s recommendations for further actions that should be carried out by federal agencies
to improve the current status of floodplain management.

The Action Agenda, along with the Committee’s comments on the Sfatus Report, has been
incorporated into the Assessment Report. In formulating its Action Agenda, the Review Committee
chose to make use of “professional judgments as to what has been happening and as to what accounts
for conspicuous successes and failures” with regard to floodplain management.

INPUT FROM WORKSHOPS AND THE QUESTIONNAIRE ON
FLOODPLAIN MANAGEMENT EFFECTIVENESS

Ten workshops designed to contribute to development of the Assessment Report were conducted at
the Association of State Floodplain Managers’ national conference in Nashville, Tennessee in May
1988. These workshops focused on different aspects of floodplain management. Questionnaires were
distributed to workshop participants and the proceedings recorded. In addition, a special workshop
was held during the Association of State Wetlands Managers’ Oakland, California conference in June
1988. A questionnaire on the effectiveness of the Nation’s floodplain management program was also
distributed to participants at this workshop. Finally, a questionnaire was distributed to participants
at the Natural Hazards Workshop held in Boulder, Colorado in July 1988.

INFORMATION FROM REVIEW OF AVAILABLE LITERATURE

Floodplain management literature of the past several years was reviewed. Most published reports
in the field of floodplain management provide “how-to” information on some aspect of floodplain
management, including documentation of successful programs and activities. There is a relatively
small body of literature that actually evaluates the effectiveness of some aspect of floodplain
management.
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COMMENTS FROM INDIVIDUALS

During the course of work on the Assessment, discussions were held with scores of individuals
regarding the status and effectiveness of floodplain management. Selected comments from these
individuals provide useful insights supplemental to those from other sources and are included in the
Assessment Report.

CONTENTS OF THE ASSESSMENT REPORT

As noted previously, the National Review Committee made use of professional judgments in its
assessment of the effectiveness of floodplain management. A similar approach with regard to the
use of professional judgment has been followed throughout the Assessment Report. Verifiable,
nationwide data on floodplains and floodplain management suitable for determining program
effectiveness is often lacking. As a result, the professional views, judgments and experience of many
knowledgeable individuals and groups are particularly important in evaluating the effectiveness of
the Nation’s floodplain management activity and form the basis of much of the evaluation presented
in the Assessment Report. It must be noted, however, that in many instances professional views and
judgments vary considerably with regard to the effectiveness (or lack of effectiveness) of a particular
aspect of floodplain management. There are also diverging opinions with regard to how effectiveness
can be improved.

The Assessment Report presents available data in order to allow evaluation of the professional views
and judgments offered. In some instances, anecdotal evidence based on professional experience is
also included. Many of the opinions and judgments offered by those who have contributed to the
Assessment Report, as well as opinions and judgments found in current literature, appear to be based
on such evidence. Anecdotal examples are identified in the text by indented text in italics.

The Assessment Report is comprised of 16 chapters organized into five parts, plus the Part VI
Epilogue, and several appendices.

e PART I: THE NATION’S FLOODPLAINS. Part I describes the different types of floods and
floodplains in the United States and the many natural and cultural resources associated with
floodplains. Flooding associated with natural phenomena such as ice jams, fluctuating lake levels,
unstable channels, alluvial fans, ground failure, and surface runoff are covered, in addition to more
well known riverine and coastal flooding.

® PARTII: THE NATION’S PROGRAM FOR FLOODPLAIN MANAGEMENT. The two chapters
that comprise Part II describe the gradual evolution of early initiatives for flood control into a
national program for reducing flood losses and managing the natural and cultural resources of
floodplains. These chapters provide a brief historical overview, describing how management
efforts have shifted from the early emphasis on controlling floods with structural measures during
most of this century, to the current approach involving a mix of both structural and nonstructural
measures and including the protection and restoration of floodplain natural and cultural resources.
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Part II also describes two important documents that have largely established the framework for
floodplain management over the last 25 years:

o House Document 465, A Unified National Program for Managing Flood Losses, was prepared
by the Task Force on Federal Flood Control Policy and submitted by President Johnson to
Congress in 1966. This document established the foundation of a coordinated national effort
to manage the Nation’s floodplains.

o A Unified National Program for Floodplain Management was initially prepared by the U.S.
Water Resources Council in 1976 in response to a directive in the 1968 National Flood
Insurance Act. The document was revised and updated by the Water Resources Council in
1979 and by the Federal Emergency Management Agency in 1986. This document provides
the conceptual framework for a Unified National Program for Floodplain Management.

e PART III: CHANGES IN FLOODPLAIN MANAGEMENT SINCE THE 1960s: Part III
describes many of the changes that have taken place with regard to floodplain management since
the mid-1960s when the concept of a Unified National Program was first established. These
changes include: technological developments; improved understanding of basic concepts and
development of new analytical procedures; changes in the institutional framework for floodplain
management, including an expanded legislative base and the creation of new agencies; court
decisions and interpretations; and increased institutional and individual perception and awareness
of flood hazards and floodplain resources. Particularly noteworthy are the greater and more
widespread recognition of the natural resources of floodplains that has developed over the last
25 years and the development of many new programs and initiatives at all levels of government
(even though many of these programs tend to be single purpose programs that are not always
well coordinated with one another). Also of significance is the shift away from federal dominance
toward a more equal partnership among federal, state and local governments.

e PART IV: APPLICATION OF THE STRATEGIES AND TOOLS FOR FLOODPLAIN
MANAGEMENT: Part IV examines how and to what extent each of the strategies and tools
identified in A Unified National Program for Floodplain Management are currently being applied.
The four basic strategies of floodplain management are:

Modifying Susceptibility to Flood Damages and Disruption
Modifying Flooding

Modifying the Impacts of Flooding

Managing Natural and Cultural Resources

e PART V: APPROACHING THE NEXT CENTURY: Part V of the Assessment Report addresses
the extent to which the conceptual framework, the strategies and tools, and the specific
recommendations set forth in A Unified National Program for Floodplain Management have been
accomplished. It reviews the principal impediments to more effective floodplain management,
current initiatives to address those impediments, and opportunities that have been suggested for
increasing the effectiveness of floodplain management.

e PART VI: EPILOGUE: The Epilogue presents a closing comment by Gilbert F. White, one of
the pioneers of floodplain management.
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The Assessment Report does not contain specific recommendations for changes in the Nation’s
floodplain management program. Instead, the report provides information on the effectiveness of
the current program for floodplain management, and presents various options that may be available
for improving program effectiveness. The findings contained in the Assessment Report will be used
by the Federal Interagency Floodplain Management Task Force as a basis for updating and revising
its 1986 report A Unified National Program for Floodplain Management, and by specific agencies
considering needed changes in their floodplain management programs.



PART I:
THE NATION’S FLOODPLAINS

The first part of the Assessment Report describes the different types of floods and floodplains
in the United States and the many natural and cultural resources associated with floodplains.
Flooding caused by natural phenomena such as ice jams, fluctuating lake levels, unstable
channels, alluvial fans, ground failure, and surface runoff are described, in addition to more
well known riverine and coastal flooding.

The three chapters in Part I provide an indication of what is known and not known about
floods, floodplains, and their natural and cultural resources. Some of the limitations of
present knowledge about floodplains include uncertainties over the total area of floodplain
land in the United States, how much of this land is developed, the annual loss of life and
property due to flooding, and the extent of historical or current losses of natural resources,
particularly those values associated with wetlands and riparian habitat.

Recognition and understanding of the different types of floods and floodplains and the
pressures for their development are essential to understanding the nature and evolution of
the Nation’s program for floodplain management. That program is described in subsequent
parts of the Assessment Report.



CHAPTER 1:

FLOODS AND FLOODPLAINS

Floods are as much a part of the phenomena of the landscape as are hills and valleys; they are
natural features to be lived with, features which require certain adjustments.on our part.

Floods, Hoyt and Langbein, 1955

Floods are natural events that have always been an integral part of the geologic history of the country,
helping to shape the landscape, providing habitat for wildlife, and creating rich agricultural lands.
The physical diversity of the United States, in terms of climatic zones and geomorphic, hydrometeoro-
logic and other factors, gives rise to a broad range of riverine, coastal and lacustrine (lake) flood
situations. Although flooding is common in all 50 states, the type and frequency of flooding vary
considerably from state to state and geographically within each state.!

Flooding occurs along major rivers and small streams, in coastal areas, and along the margins of some
lakes. Other floodprone areas include alluvial fans and other types of unstable and meandering
channels, ground failure areas, and areas influenced by structural measures. Riverine flood problems
can develop from dam and levee failure, ice jams and channel migration as well as from heavy rainfall
and rapid snowmelt. Coastal flooding can be caused by hurricanes, winter storms, tsunamis and rising
sea levels. Individual storms and long-term climate variations are among the causes of lacustrine
flooding. In addition, flooding due to surface runoff and locally inadequate drainage can be a major
problem, particularly in rapidly urbanizing areas.

Human settlements and activities tend to use floodplains, frequently interfering with the natural
floodplain processes and suffering inconvenience or catastrophe as a consequence. As human
activities encroach upon floodplains and affect the distribution and timing of drainage, flood problems
typically increase. The built environment also creates localized flooding problems outside of natural
floodplains. Development often requires that runoff be controlled and confined in open or enclosed
channels. Particularly in rapidly urbanizing areas, these drainage systems often have proven inade-
quate to control this runoff.

1 This Assessment Report primarily reflects conditions and data in the 50 states. In many instances, sources
of information used did not include data for Alaska or Hawaii. Where possible, data are also included for
the District of Columbia, Commonwealth of Puerto Rico, and the U.S. territories and possessions (U.S.
Virgin Islands, Guam and Northern Marianas). Information pertaining to conditions in Puerto Rico and
the Virgin Islands is commonly classified as Caribbean area data.
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Floodplains may be defined and identified in several ways. From a geological perspective, floodplains
may include large areas of the landscape identified by natural terraces and other geologic features
or by the presence of alluvial soils. A more restrictive definition of floodplains might include only
the area adjacent to a stream or river that is being actively shaped by the forces of water (i.e., being
eroded or built-up through sediment deposition). Another approach is to define the floodplain based
on areas that were flooded during recorded historical flood events. Finally, the floodplain may be
defined based on an estimate of the area required to carry the runoff resulting from precipitation
of a particular magnitude (in terms of intensity and duration) and frequency.

For most management purposes in the United States today, floodplains are defined as the low lands
adjoining the channel of a river, stream or watercourse, or adjoining the shore of an ocean, lake or
other body of standing water, which have been or may be inundated by flood water. Floodplains are
further categorized by the frequency of flooding, a general standard of which is the flood with a one
percent chance of being equaled or exceeded in any given year — commonly known as the “100-year”
flood or one percent flood. Floods, of course, are not confined to the area inundated by the one
percent flood. Larger floods may occur, but since the 1960s the one percent flood has been generally
accepted as a standard for most regulatory purposes.?

AREA SUBJECT TO FLOODING IN THE UNITED STATES

Because of the different ways in which floodplains may be defined and identified, there is no “official”
estimate of the total United States land area that is subject to flooding. Several estimates of the
amount of floodprone or floodplain land have been made, but none of these estimates have been
truly comprehensive and they cannot be readily compared. A review of several of the best known
and most comprehensive estimates of floodprone area reveals the great uncertainty that exists in
attempting to determine the total area of the United States that is subject to flooding.

In the early 1940s at least 35 million acres of land in the United States (less than 2 percent of the
total land area of the 48 states) were reported to be subject to flooding, although no attempt had
then been made to inventory all vulnerable land (White, 1945). In 1976, it was estimated that 16
percent of the land in urban areas was within the one percent floodplain (Goddard, 1976). More
comprehensive estimates of land subject to a one percent flood have been made by the U.S. Water
Resources Council (WRC) in 1977, the Soil Conservation Service (SCS) in 1977, 1982 and 1987, and
the Federal Emergency Management Agency (FEMA) in 1991.

e In 1977 the WRC estimated that about seven percent, or 178.8 million acres, of the area of the
United States (including Alaska, Hawaii and the Caribbean) was within the one percent
floodplain (U.S. Water Resources Council, 1977).

2 See Chapter 8 for a more detailed description of the one percent flood as a regulatory standard.



Floods and Floodplains

e As part of the 1977 National Resources Inventory (NRI), the SCS estimated that approximately

175 million acres of rural, nonfederal land (excluding Alaska) were floodprone, based on data
compiled in the early 1970s (Soil Conservation Service, 1982).

In 1982, the SCS updated the NRI® and estimated that approximately 195 million acres (14%)
of the nonfederal rural land of the country were floodprone. This represents 10% of the total
surface area of the U.S. excluding Alaska, but including the Caribbean. Figure 1-1 illustrates
how the nonfederal rural land relates to total surface area of the United States. Table 1-1 shows
the breakdown of floodprone lands by state according to the 1982 NRI. States having the largest
acreage of floodprone areas are Texas (20 million acres), Florida (14 million acres) and Louisi-
ana (11 million acres) (Soil Conservation Service, 1984). Since portions of the urban and built-up
land are known to be in the floodplain, but have not been quantified, the best that can be said
is that somewhat more than 14% of total nonfederal land (excluding Alaska) is within the one
percent floodplain.
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Source:  Soil Conservation Service, USDA. Basic Statistics, 1982 National Resource Inventory. Iowa State University Statistical
Laboratory, Statistical Bulletin No. 756. 1987. Modified by L.R. Johnston Associates, 1990.

Figure 1-1.

Surface Area of the United States and Floodprone Nonfederal Land, 1982.

e In the refinement of a 1987 study, FEMA estimated a total of 93.8 million acres of floodplain

land based on an examination of nearly 17,500 mapped floodprone communities in the 50 states
and the District of Columbia (Donnelley, 1987). As shown in Table 1-2, Texas, Louisiana and
Florida have the largest floodplain areas, although the numbers differ somewhat from the NRI,
estimates.

The SCS is conducting the NRI every five years. A new survey was initiated in 1987, but data from this
latest survey are not yet available.
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Table 1-1. Soil Conservation Service Estimate of Nonfederal, Rural Floodprone Areas (in Acres),
by State, 1982.

STATE* CROP- PASTURE- RANGE- FOREST- MINOR LAND TOTAL
LAND LAND LAND LAND COVER/USES

* Does not include Alaska. n ds of
thousands of acres

Alabama 7793 744.6 0.0 4,098.0 108.2 5,730.1
Arizona 88.7 26.0 2437.0 10.3 249.1 2,811.1
Arkansas 3,027.1 8181 4.9 2,948.8 89.2 6,888.1
California 3,386.6 599.6 1,872.2 2245 970.1 7,053.0
Colorado 864.7 383.7 2,209.2 1122 122.8 3,692.6
Connecticut 14.6 6.0 0.0 57.7 274 105.7
Delaware 0.0 1.2 0.0 319 96.2 129.3
Florida 1,286.7 1,797.2 24823 5,582.8 3,0345 14,1655
Georgia 298.2 378.0 0.0 6,558.9 445.7 7,680.8
Hawaii 50.3 23.7 0.0 60.5 302 164.7
Idaho 658.3 484.1 282.1 1252 1225 1,6722
Tllinois 3,129.0 591.2 0.0 8427 70.7 4,633.6
Indiana 1,591.4 264.3 0.0 497.4 103.9 2,457.0
Towa 3,4503 8958 0.0 394.2 145.6 48859
Kansas 3,570.5 2713 1,866.1 3333 157.4 6,204.6
Kentucky 1,684.1 659.4 0.0 5983 90.3 3,032.1
Louisiana 2,459.5 608.8 2215 5,2105 2,9839 11,4902
Maine 60.8 14.5 0.0 816.9 2753 1,167.5
Maryland 53.5 69.2 0.0 2844 2236 630.7
Massachusetts 210 15.6 0.0 108.5 1073 2524
Michigan 172.8 105.2 0.0 685.5 418.7 1,382.2
Minnesota 1,579.4 456.6 795 559.5 4784 3,1534
Mississippi 4,390.6 836.4 0.0 42322 106.1 9,565.3
Missouri 5,138.9 1,674.6 219 1,109.2 1285 8,073.1
Montana 945.3 575.3 1,988.2 211.1 2378 3,957.7
Nebraska 3,298.2 437.7 2,191.4 3102 180.5 6,418.0
Nevada 417.7 222.7 1,114.2 38 104.9 1,863.3
New Hampshire 247 124 0.0 68.7 499 155.7
New Jersey 403 364 0.0 3225 268.1 667.3
New Mexico 2172 48.0 3,530.3 65.6 1353 3,996.4
New York 381.8 363.2 0.0 941.0 276.7 1,962.7
North Carolina 1,043.9 2474 0.0 4,197.4 295.2 5,783.9
North Dakota 1,143.7 127.6 986.3 150.9 1126 2,521.1
Ohio 9071 2752 0.0 504.7 1585 1,8455
Oklahoma 2,086.7 1,485.2 1,579.0 833.0 56.1 6,040.0
Oregon 855.7 7705 596.9 1826 205.3 2,611.0
Pennsylvania 2955 2858 0.0 707.9 1332 1,422.4
Rhode Istand 1.0 15 0.0 346 154 525
South Carolina 98.2 76.1 0.0 22117 4955 2,881.5
South Dakota 2,439.1 4331 2,105.2 122.5 134.8 5,234.7
Tennessee 1,957.0 8435 0.0 1,1281 90.9 4,019.5
Texas 3,162.2 3,604.9 10,341.7 2,296.4 642.6 20,047.8
Utah 3272 217.8 963.0 64.5 822.1 2,394.6
Vermont 70.2 448 0.0 79.2 26.7 2209
Virginia 3421 3352 0.0 1,355.1 281.5 23139
Washington 578.2 369.8 107.6 361.6 171.9 1,589.1
West Virginia 317.3 162.1 0.0 198.0 249 702.3
Wisconsin 1,555.6 7413 0.0 2,144.7 1,502.9 5,944.5
Wyoming 405.2 185.8 2,1255 395 70.5 2,826.5
Caribbean 1154 1244 0.0 6.8 393 2859
TOTAL 60,764.8 23,758.8 39,1120 54,025.5 17,1187  194,779.8

Source:  Soil Conservation Service, USDA. Basic Statistics, 1982 National Resource Inventory. Iowa State University Statistical
Laboratory, Statistical Bulletin No. 756. Table 43a. 1987.
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Table 1-2. FEMA Estimate of Floodplain Area in Identified Floodprone Communities, by State,
1991.
TOTAL AREA FLOODPLAIN AREA

STATE (SQ. ML) (ACRES) (SQ ML) (ACRES) % OF

TOTAL
Alabama 50,767 32,490,880 5,237 3,351,539 103
Alaska 570,833 365,333,120 731 467,714 0.1
Arizona 113,508 72,645,120 2,618 1,675,759 23
Arkansas 52,078 33,329,920 9,206 5,891,724 17.7
California 156,299 100,031,360 6,831 4,372,107 44
Colorado 103,595 66,300,800 1,587 1,015,610 15
Connecticut 4,872 3,118,080 285 182,143 58
Delaware 1,932 1,236,480 199 127,494 103
Dist. Columbia 63 40,320 1 843 21
Florida 54,153 34,657,920 10,034 6,421,910 18.5
Georgia 58,056 37,155,840 3,548 2,270,736 6.1
Hawaii 6,425 4,112,000 59 37,683 0.9
Idaho 82,412 52,743,680 548 351,028 0.7
Iflinois 55,645 35,612,800 4,559 2,917,537 8.2
Indiana 35,932 22,996,480 2,627 1,681,457 73
Iowa 55,965 35,817,600 2,288 1,464,373 4.1
Kansas 81,778 52,337,920 3,790 2,425,872 4.6
Kentucky 39,669 25,388,160 2,120 1,356,658 53
Louisiana 44,521 28,493,440 12,180 7,795,336 27.4
Maine 30,995 19,836,800 906 579,620 29
Maryland 9,837 6,295,680 676 432,781 6.9
Massachusetts 7,824 5,007,360 547 350,203 70
Michigan 56,954 36,450,560 657 420,193 12
Minnesota 79,548 50,910,720 2,778 1,777,987 35
Mississippi 47,233 30,229,120 8,217 5,259,126 17.4
Missouri 68,945 44,124,800 5143 3,291,379 7.5
Montana 145,388 93,048,320 1,072 685,947 0.7
Nebraska 76,644 49,052,160 3,079 1,970,681 4.0
Nevada 109,894 70,332,160 1,880 1,203,215 1.7
New Hamp. 8,993 5,755,520 239 153,043 27
New Jersey 7,468 4,779,520 958 613,196 128
New Mexico 121,335 77,654,400 1,868 1,195,755 1.5
New York 47,377 30,321,280 1,557 996,494 33
N. Carolina 48,843 31,259,520 5,265 3,369,309 10.8
N. Dakota 69,300 44,352,000 1,432 916,527 21
Ohio 41,004 26,242,560 1,907 1,220,231 4.7
Oklahoma 68,655 43,939,200 3,085 1,974,355 4.5
Oregon 96,184 61,557,760 1,459 933,921 1.5
Pennsylvania 44,888 28,728,320 1,021 653,280 23
Rhode Island 1,055 675,200 73 46,720 6.9
SouthCarolina 30,203 19,329,920 3,935 2,518,550 13.0
South Dakota 75,952 48,609,280 2,057 1,316,412 27
Tennessee 41,155 26,339,200 2,336 1,494,888 5.7
Texas 262,017 167,690,830 16,837 10,775,553 6.4
Utah 82,073 52,526,720 518,003 10
Vermont 9,273 5,934,720 226 144,950 2.4
Virginia 39,704 25,410,560 1,979 1,266,436 5.0
Washington 66,511 42,567,040 1,668 1,067,478 25
West Virginia 24,119 15,436,160 420 268,971 1.7
Wisconsin 54,426 34,832,640 3,001 1,920,680 5.5
Wyoming 96,989 62,072,960 1,064 681,009 11
TOTAL 3,539,289 2,265,144,960 146,601 93,824,412 4.1

Source:  Donnelley Marketing Information Service. System Update Report. 1987. (Refinement of 1987 study based on

remeasurement of Special Flood Hazard Areas in the top 2,000 communities having property at risk and a statistical

adjustment to the other floodprone properties.) FEMA, 1951,
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It should be emphasized that these various estimates of floodplain land in the United States are not
entirely comparable. Even the 1977 and 1982 estimates made by the SCS are not directly comparable
due to procedural and technological changes in data collection and statistical estimation (Soil
Conservation Service, 1987). In addition, the WRC, SCS and FEMA estimates are calculated
differently. The WRC estimates are based on the total amount of land in the United States. The
SCS’s floodprone data for the NRI pertain only to the nonfederal rural lands of the Nation and
excludes most urban and built-up areas. FEMA data is based on floodplain area in communities iden-
tified by FEMA as floodprone, which in many cases excludes rural land, but in other cases includes
extensive rural areas.

RIVERINE FLOODING

Overbank flooding of rivers and streams — the increase in volume of water within a river channel
and the overflow of water from the channel onto the adjacent floodplain — represents the classic
flooding event that most people associate with the term “flood.” In fact, this is also the most common
type of flood event. Hundreds of riverine floods, great and small, occur annually in the United States.
However, there is no readily available estimate of the actual number of floods of a particular mag-
nitude or return frequency that occur in any given year. Such estimates could perhaps be developed
by an examination of the peak flow records on streams gaged by the U.S. Geological Survey (USGS),
but to date, no such analysis is known to have been carried out.

Riverine floodplains range from narrow, confined channels (as in steep river valleys in hilly and moun-
tainous areas) to wide, flat areas (as in much of the midwest and in many coastal areas). In the steep,
narrow valleys, flooding usually occurs quickly and is of short duration, but is likely to be rapid and
deep. In relatively flat floodplains, areas may remain inundated for days or even weeks, but
floodwaters are typically slow-moving and shallow.

Along major rivers with very large drainage basins, the timing and elevations of flood peaks can be
predicted far in advance and with considerable accuracy. In very small basins, flooding may be more
difficult to predict with useful warning lead time. Generally, the smaller the drainage basin, the more
difficult it is to forecast the flooding.

Flooding in large rivers usually results from large-scale weather systems generating prolonged rainfall
over wide areas. These same weather systems may cause flooding in hundreds of smaller basins that
drain into the major river system. The small rivers and streams are also susceptible to flooding from
more localized weather systems that cause intense rainfall over only a small area. In some parts of
the northern and western United States, annual spring floods result from spring snowmelt; and the
extent of the flooding is dependent upon the winter snowpack and spring weather patterns.

Several high-risk or unusual types of riverine flooding are described on the following pages. There
is often no sharp distinction between flash floods, flooding due to structural failure or overtopping,
flooding on alluvial fans, and the other types of high-risk flooding described. There is much overlap
among these types of flooding which tend to represent different characteristics of the entire range
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of riverine flooding. Nevertheless, the categories that follow are widely recognized and helpful in
considering not only the range of flood risk but also appropriate responses to the risk.

FLASH FLOOD AREAS

“Flash flood” is a term widely used by flood experts and the general population. There is, however,
no single definition of the term and no clear means to separate flash floods from the rest of the
spectrum of riverine floods. Flash floods are characterized by a rapid rise in water, high velocity,
and large amounts of debris. They are capable of tearing out trees, undermining buildings and bridges
and scouring out new channels. Major factors in flash flooding are the intensity and duration of
rainfall and the steepness of watershed and stream gradients. The amount of watershed vegetation,
the natural or artificial flood storage areas, and the configuration of the streambed and floodplains
are also important. In general, the more intense the rainfall and the longer it rains in a given area,
the greater the probability of flash flooding. While stationary or slow-moving thunderstorms produce
the most serious flash floods because of the intensity and duration of these storms, a series of fast
moving storms over a short time can also produce huge volumes of runoff.

Flash flooding occurs in ail 50 states and is a problem in several types of areas: on alluvial fans; in
narrow and steep valleys; on overgrazed, burnt over or otherwise denuded areas; along drainage
courses in urban settings; below unsafe dams; and behind unsafe or inadequate levees. Flash flooding
is also a problem upon release of ice jam flooding. Flash flooding occurs most commonly in steeply
sloping valleys in mountainous areas, but can also occur along small waterways in urban environments.
Flash flooding in urban areas is an increasingly serious problem due to removal of vegetation, place-
ment of debris in channels, and construction of culverts and bridges that obstruct flood flows. Also
adding to the problem are paving and other replacement of ground cover by impermeable surfaces
that increase runoff, and construction of drainage systems that increase the speed of runoff.

The damages caused by flash floods can be more severe than ordinary riverine floods because of the
speed with which flooding occurs (this speed may hinder evacuation or protection of property), the
high velocity of water, and the debris load. In addition, more than one flood crest may occur when
a flash flood results from a series of fast moving storms. Sudden destruction of structures and
washout of access routes may result in loss of life. A high percentage of flood-related deaths results
from motorists underestimating the depth and velocity of flood waters and attempting to cross swollen
streams (Federal Emergency Management Agency, 1987).

ALLUVIAL FANS

Alluvial fans, which occur mainly in dry mountainous regions, are deposits of rock and soil that have
eroded from mountainsides and accumulated on valley floors in a fan-shaped pattern. The deposits
are narrow and steep at the head of the fan, broadening as they spread out onto the valley floor.
As rain runs off steep valley walls, it gains velocity, carrying large boulders and other debris. When
the debris fills the runoff channels on the fan, flood waters spill out and cut new channels. The
process is then repeated, resulting in shifting channels and combined erosion and flooding problems
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over a large area. Figure 1-2 illustrates the major factors affecting flood hazards on alluvial fans and
Figure 1-3 identifies the several different hydraulic zones on a typical fan.

Alluvial fans are common in several states, including Arizona, California, Idaho, Montana, Nevada,
New Mexico, Utah, Washington and Wyoming. Some fans are also found in Alaska, Kentucky,
Tennessee and West Virginia. A study by the U.S. Army Natick Lab identified over 3,800 alluvial
fans within a 19,500 square mile area of the southwest United States and estimated that over 30
percent of American southwest deserts are occupied by alluvial fans (Roberts, 1984). These include
many urban areas such as Los Angeles and Clark County (Las Vegas). Often the entire area of the
fan is at high risk because of the high velocity of the water and because the erosion and drainage
channels meander over the fan (Bond, 1988).

Like flash floods, flooding on alluvial fans can cause greater damage than typical riverine flooding
due to the high velocity of water flow, the amount of debris carried, and the broad area affected by
floodwaters. Floodwaters move at high velocities (15 to 30 feet per second are common) due to steep
slopes and lack of vegetation. At these velocities, water has tremendous erosive force and damage
potential. In addition, floodwaters in alluvial fans contain large amounts of sediment and debris,
including boulders and trees. Since floodwaters are not confined to a single channel, but travel
through numerous meandering channels, development over a broad area can be threatened.

Human activities often exacerbate flood and erosion problems on alluvial fans. Roads act as drainage
channels, carrying high velocity flows to lower portions of the fan, while fill, leveling, grading and
structures built in the fan can divert waters and alter expected patterns of flooding and erosion
(Federal Emergency Management Agency, 1987).

UNSTABLE AND MEANDERING CHANNELS

The geomorphology of many stream channels has been changed in relatively recent times by a variety
of human activities. This is particularly true in the arid and semiarid regions of the western United
States. Prior to the arrival of the first Europeans, and in many areas perhaps up until the middle
of this century, runoff occurred mostly as sheetflow or within very minor braided sandy channels.
Floodplains were wide grassy swales with riparian and deep-rooted plants. Floodwaters moved slowly
in the floodplains with a great deal of infiltration and floodplain storage.

This pattern has been significantly modified. Overgrazing by cattle and other animals has altered
the vegetative cover on the slopes and in the floodplains, generally increasing runoff and erosion.
Mining, forestry practices and urbanization have altered the supply of sediment to the channels, as
have water supply and flood control dams. The extraction of materials from the streambeds
themselves has also disrupted sediment equilibrium. Surface water patterns and the movement of
sediment have been altered by the construction of railroads, highways and irrigation facilities.
Floodplain vegetation has been changed by diversions of surface water and the lowering of water
tables.
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Figure 1-2.

Factors Affecting Flood Hazards on Alluvial Fans.
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Figure 1-3.

Hydraulic Zones on a Typical Alluvial Fan.
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The cumulative result of these changes can cause rapid and often unpredictable responses in the
relatively unstable stream channels during floods, including more rapid aggradation and degradation
of stream channels. Degradation (deepening) of a channel may migrate upstream and into tributaries.
Degradation may also lead to channel meander when the stream attempts to reach a new equilibrium
between slope and sediment load.

In a channel estimated to have a capacity of about 40,000 cubic feet per second {cfs) at
Tucson, Arizona, scour during a flood of 52,700 cfs lowered the channel bottom enough
that overbank flooding did not occur. A 1980 flood in the Gila River downstream from
Phoenix, Arizona deposited over ten feet of sediment in the main channel, causing the
discharge from a one percent annual chance flood to inundate the 0.2 percent annual
chance (“500-year”) floodplain, as it was calculated using an assumption of a stable bed
(Bond, 1988).

ICE JAM FLOODING

Flooding caused by ice jams is similar to flash flooding — the formation of a jam results in a rapid
rise of water both at the point of the jam and upstream; failure of the jam results in sudden flooding
downstream. Ice jam flooding is a problem in 35 states. States particularly prone to such flooding
are Alaska, Idaho, Illinois, Iowa, Maine, Minnesota, New Hampshire, North Dakota, Oregon,
Vermont, Washington, and' Wisconsin.

The formation of ice jams depends on both the weather and the physical conditions in the river
channel. Flooding due to ice jams (or other ice conditions) can occur at different times and in
different ways. Figure 1-4 illustrates areas where ice jams are most likely to develop.

Flooding during fall freeze-up can result from the formation of frazil ice, which forms when tempera-
tures drop but a swift current prevents the formation of a solid ice cover. The frazil ice floats down-
stream until it reaches a slower moving, frozen area and attaches itself to the underside of the ice
cover (at times accumulating to form a hanging dam) or to the stream bed, forming anchor ice.

Ice-related flooding also occurs during mid-winter periods of very low temperature when water in
the stream channel freezes completely solid, forming anchor ice. Additional water coming down the
stream freezes on top of the solid ice until the channel is blocked and the stream flows overland,
flooding and freezing on adjacent lands. Solid ice formed in this way frequently blocks culverts.

The classic ice jam occurs at spring breakup due to a combination of ice conditions. Generally, rising
water levels in the river or stream resulting from snowmelt or rainfall break the existing ice cover
into large, floating ice masses that lodge at bridges or other constrictions and create ice dams. Rapid
flooding may occur, first upstream, then downstream as the mass of ice and water finally breaks free.
Huge ice masses moving downstream can shear off trees and destroy buildings above the level of the
flood waters. Floating ice masses and their associated damages also occur in lakes.
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Figure 1-4.  Areas of Likely Ice Jam Formation.

As with other types of unique flood situations, damages from ice jam flooding usually exceed those
of clear water flooding. Flood elevations are usually higher than predicted for free flow conditions,
and water levels upstream and downstream increase rapidly. Additional physical damage is caused
by the force of the ice floes (Federal Emergency Management Agency, 1987).

FLOODING FROM SURFACE RUNOFF, URBAN DRAINAGE
AND HIGH GROUND-WATER LEVELS

Locally heavy precipitation may produce flooding in areas other than delineated floodplains. If local
drainage conditions are inadequate to accommodate the precipitation through a combination of
infiltration and surface runoff, water may accumulate in areas that may cause flooding problems.
During winter and spring, frozen ground and accumulations of snow may contribute to inadequate
drainage and localized ponding of runoff generated by precipitation and snowmelt. Flooding problems
of this nature generally increase as areas become more urbanized.

Quantitative relationships have been established between land use and runoff. One study found that
as population density increased from 100 to 13,000 persons per square mile, the peak rate of surface
runoff became about 10 times greater (Delleur, 1982). While the specific correlations may vary from
area to area and are dependent on the measure of development used, population density generally
increases the amount of impervious area, resulting in an increase in the amount of surface runoff
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generated. Uncontrolled, this runoff may be channelled to areas that cause flooding of structures
and roadways. This may be especially true where the predevelopment land surface had a gently
sloping surface with no defined channels. Such areas are subject to shallow sheet flooding during
storms, but urbanization and other development speeds the accumulation of flood waters.

A second major change that occurs as a result of urbanization is the development of a drainage
network to control the increased runoff. The straightening and lining of channels, construction of
sewers, culverts and other means of controlling runoff result in improved hydraulic efficiency of the
local drainage network. In other words, the time required for surface runoff to reach a channel is
reduced. Unless the drainage network is specifically designed to counteract this increase in rate of
runoff from the watershed, the result is likely to be an increase in flood peaks (Delleur, 1982).

High ground-water levels may also be of concern and can cause flooding problems in areas and at
times where there is no surface flooding. Basements are most susceptible to flooding from high
ground-water levels. Seasonally high ground water is common in many areas, while in other areas
high ground-water is a problem only after long periods of above average precipitation.

COASTAL FLOODING AND EROSION

Coastal flooding and erosion are serious problems along much of the Nation’s coasts, although the
frequency and magnitude of the flooding and the severity of the erosion vary considerably. Great
Lakes flooding — often considered as coastal flooding — is discussed separately toward the end of
this chapter.

Coastal flooding and erosion result from storm surge and wave action. Storm surge is the increase
in water surface elevation above normal tide levels due primarily to low barometric pressure and the
piling up of waters in coastal areas as a result of wind action over a long stretch of open water.
Depending upon local topography, a storm surge may inundate only a small area (such as along
sections of the Northeast and Northwest coasts) or may inundate coastal lands for a mile or more
inland from the shoreline (as in many areas of the south Atlantic and Gulf coasts).

In addition to storm surge, wave action is an important aspect of coastal storms. Breaking waves
at the shoreline become very destructive, causing damages to natural and manmade structures by
hydrodynamic pressure, battering solid objects and scouring sand from around foundations. Compo-
nents of wave action include wave set-up and wave run-up. Wave set-up is the super-elevation of
the water surface over normal surge elevation and is caused by onshore mass transport of the water
by wave action alone. Wave run-up is the action of a wave after it breaks and the water “runs up”
the shoreline or other obstacle, flooding areas not reached by the storm surge itself. Where vertical
obstructions such as seawalls are present, wave run-up is translated into upward movement of the
water.

As waves move toward the shore, they encounter several obstacles. The first obstacle is the sloping
bottom near the shoreline. When waves reach a water depth equal to about 1.3 times the wave
height, the wave breaks. Breaking waves dissipate their energy by generating turbulence in the water
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and by transporting sediment lifted off the bottom and tossed around by the turbulent water. As the
turbulent water travels forward, it expends most of its remaining energy as it rushes up the beach
slope. The beach adjusts to changes in wave energy by changing its profile. Beach material is moved
either seaward, creating an offshore berm, or landward, building up the beach. The beach is
constantly adjusting to both wave energy and water level.

Offshore berms built up by the natural action of waves serve to protect the beach from most storm
waves. When major storms generate larger waves, the berm may be eroded and berm material
carried offshore. With the protective value of the berm removed, large waves can overtop the beach.
In severe storms such as hurricanes, 60- to 100-foot wide dunes may disappear in only a few hours.
Although the dunes and beach may eventually recover to their previous conditions, the process may
require many years (U.S. Army Corps of Engineers, 1984). Figure 1-5 provides a schematic diagram
of storm wave attack on a beach and dune system. »

TROPICAL STORMS AND HURRICANES

Tropical cyclones* of various intensities form over warm tropical and subtropical waters, sometimes
developing into mature hurricanes, and eventually dissipate over the colder waters of the North
Atlantic or when the storms move over land. Tropical cyclones generally range in size from 100 to
600 nautical miles in diameter at maturity, with sustained wind speeds often exceeding 100 knots near
the center. Occasionally, sustained winds exceeding 150 knots occur in well-developed systems.
Damages from tropical cyclones result from the high winds (including associated tornadoes), torrential
rains over large areas, and coastal storm surge of 10 to 25 feet above normal in extreme cases.
Historically, coastal storm surge has been the major cause of deaths and damages from these storms
in the United States.

A total of 785 tropical cyclones was recorded over the Atlantic tropical cyclone basin from 1899 to
1989. Of these, 159 hurricanes and 138 tropical storms (a total of 297 or about 39%) crossed or
passed adjacent to the United States mainland (Texas to Maine), for an annual average of 1.5 tropical
storms and 1.8 hurricanes (Neumann, 1987; Jarvinen, 1990). Figure 1-6 shows the annual distribution
of these tropical storms and hurricanes. Figure 1-7 shows the incidence of landfalling tropical storms
and hurricanes along the United States coastline from Texas to Maine for the period 1871-1984.

Meteorological and geographical factors influence hurricane or storm damage relative to any given
storm track. For example, the pattern of wind, rainfall, storm surge, and associated damage is rarely
symmetrical about the storm track. Also, wind gusts, which may be greater than sustained wind
speeds, must be considered in assessing damage potential.

4 Several categories of tropical cyclones are recognized according to their intensity and degree of organization:
(1) tropical disturbance (little or no rotary circulation at the surface and no strong winds);
(2) tropical depression (winds equal to or less than 38 mph);
(3) tropical storm (winds of 39 mph or more); and
(4) hurricane (winds of 74 mph or more).
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Figure 1-5.  Schematic Diagram of Storm Wave Attack on Beach and Dune.
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Annual distribution of the 138 Atlantic tropical storms (open bars) and the 159 hurricanes (solid bars) that have
crossed or passed immediately adjacent to the United States coastline (Texas to Maine), 1899 through 1989. The
average annual number of such storms is 1.5 and 1.8 respectively. Graph displays one crossing per storm even though
multiple crossings may have occurred.

Source: Neumann, Charles J., B. R. Jarvinen and A. C. Pike. Tropical Cyclones of the North Atlantic Ocean, 1871-1986.
Asheville, North Carolina: National Climatic Data Center, 1987. Updated through 1989 by B.R. Jarvinen, National
Hurricane Center, National Weather Service.

Figure 1-6.  Annual Distribution of Atlantic Tropical Storms that have Crossed or Passed Adjacent
to the United States, 1899-1989.

The National Hurricane Center (NHC) has adopted the Saffir/Simpson Hurricane Scale, which relates
hurricane intensity to damage potential. Figure 1-8 shows that this scale divides hurricanes into five
intensity categories, with category 5 being the most intense. Table 1-3 shows that the NHC has deter-
mined that a total of 148 category 1 through 5 hurricanes crossed the United States coastline at one
or more points (an average of 5 hurricanes every 3 years) between 1899 and 1986, including 59 major
hurricanes (category 3 or higher). Thus, major hurricanes capable of causing damage in the billions
of dollars and killing hundreds of people have crossed the United States coastline about twice every
3 years (Neumann, 1987).

Hurricanes are not exclusively a problem of the Gulf and Atlantic coasts. Pacific hurricanes (called
typhoons) develop in the regions off Mexico and Central America and move up the Pacific coast.
While much less frequent and generally less severe than Atlantic hurricanes, these typhoons can cause
much damage. Typhoons also affect Hawaii in the central Pacific and Guam and the Northern

Mariana Islands in the western Pacific.

OTHER COASTAL STORMS

While hurricanes are the most violent type of storm and receive the most attention, serious flooding
and erosion problems are also caused by other coastal storms. On the Pacific coast, storm patterns,
roll in from the Pacific ocean, sometimes in a series.

In the Atlantic, extratropical storms that develop in mid-latitudes in the fall, winter and spring (most
commonly November through April) occur much more frequently than tropical cyclones, and may
be more than 1,000 miles in diameter, much larger than a tropical cyclone. Although maximum winds
are of lower velocity than tropical cyclone winds, some wind gusts of hurricane velocity may occur
with extratropical storms.
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Note: Certain factors should be considered before making inferences from Figure 1-7. First, the chart includes

all storms, ranging from weak tropical storms to the most intense hurricanes. Second, the frequencies
represent long-term averages. For shorter (10- or 20-year) periods, considerable deviation has occurred
and will continue to occur in the future. For example, from 1951 through 1960, many more major
hurricanes struck the East Coast of the United States than affected the Gulf of Mexico Coast. Figure 1-7
does not address these short-period variations.

Another factor to be considered pertains to the proper interpretation of the term “per 10 nautical miles
of coastline.” In the Miami area, about 2 storms per 100 years per 10 nautical miles of coast are indicated.
This should not be interpreted to mean that Miami area expects 2 storms per century. Storms that strike
along the coast in other 10 nautical mile segments, both south and north of Miami, would also affect the
area. Indeed, the damage swath from a major hurricane can cover more than 100 miles of coastline.

Source:  Neumann, Charles J., B. R. Jarvinen and A. C. Pike. Tropical Cyclones of the North Atlantic Ocean, 1871-1986.
Asheville, North Carolina: National Climatic Data Center, 1987.

Figure 1-7.  Smoothed Frequency of Landfalling Tropical Storms and Hurricanes for the Gulf and
East Coasts of the United States, 1871-1984.
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THE SAFFIR/SIMPSON HURRICANE SCALE

Scale No. 1 - Winds of 74 to 95 miles per hour. Damage primarily to shrubbery, trees,
foliage, and unanchored mobile homes. No real damage to other structures. Some damage
to poorly constructed signs. And/or: storm surge 4 to 5 feet above normal. Low-lying
coastal roads inundated, minor pier damage, some small craft exposed, anchorage torn from
moorings.

Scale No. 2 - Winds of 96 to 110 miles per hour. Considerable damage to shrubbery and
tree foliage: some trees blown down. Major damage to exposed mobile homes. Extensive
damage to poorly constructed signs. Some damage to roofing materials of buildings.
And/or: storm surge 6 to 8 feet above normal. Coastal road and low-lying escape routes
inland cut by rising water 2 to 4 hours prior to arrival of hurricane center. Considerable
damage to piers. Marinas flooded. Evacuation of some shoreline and low-lying inland areas
required.

Scale No. 3 - Winds of 111 to 130 miles per hour. Foliage torn from trees: large trees
blown down. Practically all poorly constructed signs blown down. Some damage to roofing
materials of buildings: some window and door damage. Some structural damage to small
buildings. Mobile homes destroyed. And/or: storm surge 9 to 12 feet above normal.
Serious flooding at coast and many smaller structures near coast destroyed: larger
structures near coast damaged by battering waves and floating debris. Low-lying escape
routes inland cut by rising water 3 to 5 hours before hurricane center arrives. Major
erosion of beaches. Massive evacuation of all residences within 500 yards of shore possibly
required, and of single-story residences on low ground within 2 miles of shore.

Scale No. 4 - Winds of 131 to 155 miles per hour. Shrubs and trees blown down; all signs
down. Extensive damage to roofing materials, windows and doors. Complete failure of
roofs on many small residences. Complete destruction of mobile homes. And/or: storm
surge 13 to 18 feet above normal. Flat terrain 10 feet or less above sea level flooded inland
as far as 6 miles. Major damage to lower floors of structures near shore due to flooding
and battering by waves and floating debris. Low-lying escape routes inland cut by rising
water 3 to 5 hours before hurricane center arrives. Major erosion of beaches. Massive
evacuation of all residences within 500 yards of shore possibly required and of single-story
residences on low ground within 2 miles of shore.

Scale No. 5 - Winds greater than 155 miles per hour. Shrubs and trees blown down;
considerable damage to roofs of buildings; all signs down. Very severe and extensive
damage to windows and doors. Complete failure of roofs on many residences and industrial
buildings. Extensive shattering of glass in windows and doors. Some complete building
failures. Small buildings overturned or blown away. Complete destruction of mobile homes..
And/or: storm surge greater than 18 feet above normal. Major damage to lower floors of
all structures less than 15 feet above sea level within 500 yards of shore. Low-lying escape
routes inland cut by rising water 3 to 5 hours before hurricane center arrives. Massive
evacuation of residential areas on low ground within 5 to 10 miles of shore possibly
required.

Source:  Neumann, Charles I., B. R. Jarvinen and A. C. Pike. Tropical Cyclones of the North Atlantic Ocean, 1871-1986.
Asheville, North Carolina: National Climatic Data Center, 1987.

Figure 1-8.  The Saffir/Simpson Hurricane Scale.
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Table 1-3. Number of Hurricanes (Direct Hits) Affecting the United States and Individual States,
1899-1989, Categorized According to Saffir/Simpson Hurricane Scale.

MAJOR
CATEGORY HURRICANES
AREA 1 2 3 4 5 AlL (= CATEGORY 3)
U.S. (Texas to Maine) 55 34 4 13 2 148 59
Texas 0 9 9 6 0 34 15
(North) 7 3 3 4 0 17 7
(Central) 2 2 1 1 40 6 2
(South) 3 4 5 1 0 13 6
Louisiana 8 5 7 3 1 24 1
Mississippi 1 1 5 0 1 8 6
Alabama 4 1 5 0 0 10 5
Florida 6 15 16 5 1 53 22
(Northwest) 9 7 6 0 0 22 6
(Northeast) i 7 0 0 0 8 0
(Southwest) 5 3 5 2 1 16 8
(Southeast) 5 10 7 3 0 25 10
Georgia 1 4 0 0 O 5 0
South Carolina 7 4 2 *2 0 15 4
North Carolina 1 4 8 *1 0 24 9
Virginia 1 1 * 0 O 3 1
Maryland 6 1 0 o0 O 1 0
New Jersey 1 0 0 0 O 1 0
New York 3 0 *» 0 O 3 5
Connecticut *2 2 *3 0 O 7 3
Rhode Island 0 * *3 0 0 4 3
Massachusetts 2 1 *2 0 0 5 2
New Hampshire *1. 1 0 0 0 2 0
Maine * 0 0 0 O 5 0
Note: Asterisk (*) indicates that all hurricanes in this category were moving in excess of

25 miles per hour.

Source: Neumann, Charles J., B. R. Jarvinen and A. C. Pike. Tropical Cyclones of the North Atlantic Ocean, 1871-1986.
Asheville, North Carolina: National Climatic Data Center, 1987. Updated through 1989 by B.R. Jarvinen, National
Hurricane Center, National Weather Service.

Extratropical storms that occur along the northern part of the east coast of the United States, accom-
panied by strong winds blowing from the northeast quadrant, are called northeasters. Northeasters
may stall off the coast of the North Atlantic states and produce high tides that persist for several days.

A study of northeasters affecting the Atlantic coastal margin of the United States during the period
1921-1962 (Mather, 1965) found that during the 42-year period of record, 34 extratropical storm
events occurred that resulted in water-related damage (i.e., damage due to wave action and tidal
flooding). The recurrence interval of such storm events is 1.24 years. Stated in another way, a storm
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of this nature has an 81% chance of occurrence in a given year, based on the observed data (Long
Island Regional Planning Board, 1984).

TSUNAMIS

The term “tsunami” is used to describe sea waves of seismic origin. Tectonic earthquakes (earth-
quakes that cause a deformation of the seabed) appear to be the principal seismic mechanism
responsible for the generation of tsunamis, although coastal and submarine landslides and volcanic
eruptions have also triggered tsunamis.

Tsunamis, which are principally generated by undersea earthquakes of magnitudes greater than 6.5
on the Richter scale, are very long-period waves (5 minutes to several hours) of low height (a few
feet or less) when traversing water of oceanic depth. Consequently, they are not discernible in the
deep ocean and go unnoticed by ships. Tsunamis can travel at speeds in excess of 500 mph in the
deep ocean (see Figure 1-9).

Sea Level Speed (Km'h) B35 L] M _—Ji
Depth(m) G486 1828 900 P

e LA

Source:  Jervis, Michael. “Tsunami Warning!” Emergency PreparednessDigest, Emergency PreparednessCanada. (January-March
19%90): 17.

Figure 1-9.  Relative Speed of Seismic Sea Waves in Deep Water and Near Shore.

When tsunamis approach a coastal region where the water depth decreases rapidly, wave refraction,
shoaling, and bay or harbor resonance cause the amplitude of the tsunami to increase significantly.
The great periods and wavelengths of tsunamis preclude the dissipation of their energy as a breaking
surf; instead, they are apt to appear as rapidly rising water levels and only occasionally as bores
(Houston, 1980).

A tsunami may consist of only a single wave, but more often consists of a series of waves separated
by a few minutes up to about an hour. The largest and most destructive waves may occur near the
end of the series. The first water movement at the shore associated with a tsunami may be a rapid
draw down or retreat of coastal water, exposing wide expanses of beach, floundering fish and
shipwrecks. Unaware coastal residents may rush onto the exposed beach, only to be caught by the
following wave (Forrester, 1987).
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The rate of travel of a tsunami varies with the square root of water depth. Therefore, the arrival
time of a tsunami at any particular point on shore may be predicted with considerable accuracy
following detection of seismic activity. However, the size of tsunami waves cannot yet be accurately
predicted. About 5 percent of recorded tsunamis produce waves of 15 feet or higher at the coast
(Forrester, 1987).

Over 500 tsunamis have been reported within recorded history, virtually all of them in the Pacific
Basin. Most tsunamis are associated with earthquakes, and most seismic activity beneath the oceans
is concentrated in the narrow fault zones adjacent to the great oceanic trench systems that are found
predominantly in the Pacific Ocean. Consequently, the entire Pacific coast of the continental United
States and the Alaskan and Hawaiian coasts are subject to tsunamis (Houston, 1980).

AREAS INFLUENCED BY STRUCTURAL PROTECTIVE MEASURES

When the natural protective system (e.g., beaches and sand dunes) fails to provide adequate
protection during storms, some type of artificial protection is often sought. Artificial shoreline
protection may range from nonstructural measures such as beach nourishment and artificial sand dune
building, to structural measures. Structural measures designed to stabilize the shore generally fall
into two categories: 1) structures such as breakwaters, seawalls, bulkheads and revetments to prevent
waves from reaching a harbor area; and 2) groins, jetties and similar structures used to retard
longshore transport of littoral drift. Groins and jetties may be used in conjunction with seawalls and
beach fill.

Protection of short reaches of an eroding shoreline, including measures to protect individual homes,
may prove unsuccessful and create additional problems on adjacent properties. These small shore
protection structures often fail at their flanks and the adjacent unprotected shoreline continues to
erode. Erosion of adjacent shoreline may even be accelerated by partial or inadequate protective
measures. Even if constructed to cover the entire reach of eroding shoreline, onshore structures such
as bulkheads, seawalls, and revetments often provide only short-term erosion and flood protection
because of foreshore erosion and flanking. Offshore structures such as breakwaters may provide
longer term protection, but can have detrimental as well as beneficial effects on the shore. The
reduction of wave action by the structure also reduces the longshore transport of sediment, which
may lead to sand accretion and formation of a sandbar, as well as associated down-drift beach erosion
(U.S. Army Corps of Engineers, 1984).

RELATIVE SEA LEVEL RISE AND SHORELINE RETREAT

On the average, worldwide sea level has been rising relative to land masses over the past 15,000 years
as the earth’s climate has warmed and as the earth has undergone tectonic activity. The change in
sea level relative to land results from the combined effects of an actual rise in sea level and the
upward or downward movement of land at different locations. The greenhouse effect (caused by
excess production of carbon dioxide from burning fossil fuels, deforestation, and other human actions),
combined with natural phenomena, warms the atmosphere and ocean waters and is primarily
responsible for the rising ocean levels. Land masses are emerging in some regions due to ongoing
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geologic processes such as glacial rebound and movement of tectonic plates. In other areas, land
is subsiding due to the extraction of oil, gas or water, as well as longer term geologic adjustments.
Therefore, any discussion of sea level rise must be in the context of sea level relative to the adjacent |
land mass, i.e. the relative rise (or drop) of sea level.

Relative sea level rise along the northeast coast of the United States is due not only to global increas-
es in sea level believed to be associated with the greenhouse effect, but also to a large extent from
isostatic adjustment. As the North American glaciers melted over the past 10-15 thousand years, land
previously covered by glaciers has adjusted to removal of the weight of the glacial mass. Land which
was formerly depressed below the glaciers is now rebounding and, as a result, the relative sea level
has been falling. Along the edges of the glacial mass, land was elevated somewhat and has been
falling, so relative sea level has been rising (L.R. Johnston Associates, 1986).

Relative sea level rise is an underlying cause of shoreline retreat along the Gulf and Atlantic coasts
and to a lesser extent along the Pacific coast. Rising sea levels have caused increased coastal flooding
and erosion, and the projected accelerated rise in relative sea level over the next century is likely to
cause significant increases in these problems. An increase in relative sea level of only a few inches
may inundate land hundreds of feet inland from the shoreline, accelerate erosion, affect wetlands,
and cause other types of changes.

The present worldwide rate of relative sea level rise is approximately one foot per century. From
tide measurements, the National Ocean Service (NOS) has developed- trends in the relative rise of
yearly mean sea level along the United States coast for the period 1940 through 1986. The average
for the entire United States coast is about 0.0066 feet per year (2 mm/yr). As shown in Table 1-4,
for the Gulf coast the rate is considerably higher at 0.0095 feet per year, while for the northern west
coast it is only 0.0004 feet per year (Hicks and Hickman, 1988).

Table 1-4. Trends and Variability in Relative Sea Level Rise in the United States, 1940-1986.

TREND STANDARD ERROR VARIABILITY*
+ ftiyr + ft/yr * fi/yr
Northern East Coast 0088 .00091 .0842
Southern East Coast 0075 00114 .1040
Gulf Coast .0095 00117 .1086
Southern West Coast .0051 00115 1071
Northern West Coast .0004 .00117 1085

*  Standard Error of Estimate

Source: Hicks, Stacey D., and Leonard E. Hickman, Jr. “United States Sea Level Variations Through 1986.” Shore and Beach. July 1988.




1-22 The Nation’s Floodplains

Although hardly noticeable, this slow rise has still had an effect on coastal flooding and erosion. In
addition, the global warming that is largely responsible for projections of accelerated rates of sea level
rise may also cause major climate changes, such as shifts in rainfall patterns, an increase in the
number and intensity of tropical storms and hurricanes and other unknown effects (Barth, 1984).

Task forces assembled by the U.S. Environmental Protection Agency (EPA) and the National
Academy of Sciences (NAS) during the early 1980s estimated that the rate of relative sea level rise
will accelerate in the future. The EPA predicted that by the year 2100, sea level will probably rise
about four feet above present levels (Hoffman, 1983). Following release of the EPA and NAS
reports, the issues of global warming and relative sea level rise have received much attention and
have been the subject of much additional research. Although not all researchers agree, the predomi-
nant view is that global warming is occurring and the rate of relative sea level rise will increase
markedly. There appears to be, however, little agreement on predictions of the actual timing, rate
and amount of relative sea level rise.?

GROUND FAILURE AREAS

Flooding and flood-related erosion can result from several types of ground failure. Subsidence and
liquefaction of soil may cause flooding of areas in the immediate vicinity of the ground failure, while
mudflows and mudfloods may cause damages downstream or downslope of the location where the
initial ground failure occurred.

MUDFLOWS AND MUDFLOODS

Mudflow and mudfloods (also referred to as debris flow) are considered a subset of landslides and
affect many of the nation’s floodplains. Areas that have experienced the greatest landslide damage
are the Appalachian region, the Rocky Mountain region, and the Pacific coast region (National
Research Council, 1985). The distinction between mudflows, mudfloods and landslides is not clear
since all usually occur under wet conditions and consist of a mixture of water and solids.

Landslides, an extreme form of erosion, are a natural process of the earth’s surface, and occur when
external forces exceed internal forces within the soil and rock of a hillside. The word “landslide”
encompasses a range of processes: slumps to flows, slow to rapid movements, and small to large earth
displacement. The width of landslides can range from a few feet to greater than a mile. Although
earthquakes cause a great number of landslides, water from intense rainfall or human-introduced
sources is the most common triggering mechanism. And while large, rapid slides are spectacular
media attractions, persistently creeping slides and the cumulative effect of many small landslides cause
asignificant amount of damage in the United States (Federal Emergency Management Agency, 1987).

5 See Chapter 6 for additional description of relative sea level rise.
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The National Academy of Sciences (National Research Council, 1985) has defined mudflood and
mudflow as follows:

e Mudflood: Refers to a flood in which the water carries heavy loads of sediment (as much
as 50% by volume) including coarse debris. Mudfloods typically occur in drainage channels
and on alluvial fans adjacent to mountainous areas, although they may occur on floodplains
as well.

e Mudflow: Refers to a specific subset of landslides where the dominant transporting mecha-
nism is that of a flow having sufficient viscosity to support large boulders within a matrix of
smaller sized particles. Mudflows may be confined to drainage channels or may occur
unconfined on hill slopes.

Mudflows and mudfloods are often the result of rain falling on terrain that has been denuded by
forest fires and brush fires, and thus can not retain runoff. In areas where ground cover has been
removed, even small rains can cause mudflows and mudfloods (see Figure 1-10). Steep lands with
an identifiable subsoil layer of clay could break loose and start a mudflow when the clay layer
becomes saturated. A vigorous forest cover produces roots capable of holding the soil in place. Tree
cover also increases the evapotranspiration rate and assists in reducing the time that underlying clay
layers are saturated. The most common mudflow resulting from slope failure in forested lands occurs
about five to ten years after a major forest fire where established timber is killed. During the
following years new growth is established. However, roots from the previous growth have deteriorated
and the new roots are not strong enough to hold the soil from moving, thus starting a mudflow (von
Wolffradt, 1988).

Both mudflows and mudfloods start with moving water or a stationary mass of saturated soil. Mud-
floods usually originate as sheet flow or as water flowing in drainage channels, rivers or streams, and
pick up sediment and debris as they flow. Mudflows often originate as a mixture of stationary soil
and water. When the mixture gets wet enough, it begins to move as a mass, either as a result of
gravity or when triggered by an earthquake or a sudden flow of debris laden water. Mudflows may
also begin as clear-water flows but incorporate sediments and other debris from the stream channel
or banks and “bulk up” to flows much larger than the clear-water flow before eventually dropping
the debris and attenuating (Haupt, 1988). Mudflows may travel many miles from their source.

Mudflows and mudfloods may cause more severe damage than clear water flooding due to the force
of the debris-filled water and the combination of debris and sediment. The force of the water often
destroys pilings and other protective works, as well as structures in its path (or when structures remain
intact, sediment must often be physically removed with shovels or hoses). Mud and debris may also
fill drainage channels and sediment basins, causing floodwater to suddenly inundate areas outside
of the floodplain (Federal Emergency Management Agency, 1987).

Although understanding of the causes of landslides and the development of improved methods for
handling them has progressed, the problem continues to grow. In the last 20 years, the number of
damaging landslides has increased, due largely to continuing urban expansion in areas of steeply
sloping terrain and unstable slopes. This urban development alters hillslope configuration and upsets
established equilibrium conditions, affecting the natural instability of many slopes and, in some cases,
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reactivating older landslides. It is estimated that in Los Angles County, California alone, there are
3,000 sites susceptible to hazards posed by mud and debris flows (Department of the Interior, 1989).
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Debris may begin to flow as a mass when it becomes wet.
Gravity, earthquakes or a sudden flow of debris-laden water
could be the triggering mechanism.

Source:  Federal Emergency Management Agency. Reducing Losses in High Risk Flood Hazard Areas: A Guidebook for Local
Officials FEMA 116. Washington, D.C.: FEMA, 1987.

Figure 1-10. Mudflow Areas.

SUBSIDENCE

Subsidence is a type of ground failure that can lower the ground surface, causing or increasing flood
damage in areas of high ground water, tides, storm surges or overbank stream flow. Subsidence
occurs in nearly all of the states (Federal Emergency Management Agency, 1987). (As previously
described, mudflows and landslides are also types of ground failures.) Ground failure due to sub-
sidence can result in increased flood damages for two main reasons. If the land surface is lowered
it may be more frequently or more deeply flooded. In addition, subsidence can block or otherwise
alter drainage patterns leading to deeper or unexpected flooding.

Subsidence is the result of both natural processes and human activities. Natural causes include
solution (karst topography), consolidation of subsurface materials (such as wetlands soils), and
movements in the earth’s crust. Human activities, which frequently accelerate the natural processes
leading to subsidence, include mining, inadequate compaction of fill material during construction (see
Figure 1-11) and withdrawal of oil or water from subsurface deposits.
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Source:  Federal Emergency Management Agency. Reducing Losses in High Risk Flood Hazard Areas: A Guidebook for Local
Officials FEMA 116. Washington, D.C.: FEMA, 1987.

Figure 1-11. Damage Due to Differential Compaction of Soils.

A report by FEMA (Federal Emergency Management Agency, 1987) describes several causes of
subsidence:

The withdrawal of oil, gas and water from below the earth’s surface results in the collapse of
the grain structure and compaction of subsurface materials causing the land surface to sink. The
harbor at Long Beach, California, for example, has subsided as much as 27 feet due to oil and
gas withdrawals.

Subsidence occurs in organic wetlands as the soils are compacted by fills and development and
as ground water is withdrawn. The ground surface then settles, but not at an even rate.
Development on coastal wetlands or coastal areas is most likely to experience subsidence.

Underground mining, both past and present, is the cause of subsidence in an estimated 220
counties in 42 states.

In areas of karst terrain, as ground water percolates through limestone, it dissolves the rock,
forming cavities or caverns that cannot always be detected. Fluctuating ground-water levels can
cause these caverns and overlying surface materials to collapse suddenly, forming sinkholes. The
land surface can also sink slowly and irregularly, resulting in flooding.
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LIQUEFACTION

Although less common than subsidence, liquefaction is another type of ground failure that contributes
to flood problems. Liquefaction can result in setious flooding of structures built on fill or saturated
soils, as in portions of San Francisco or Anchorage.

Liquefaction is triggered by earthquakes and occurs when seismic shock waves pass through uncon-
solidated and saturated soil, allowing the soil grains to move freely and pack more closely together.
A soil structure with water in the pore spaces is transformed to groups of grains in a fluid matrix,
and the load of the overlying soil and buildings is transferred from the soil grains to the pore water.
If the pressure on the water causes it to drain away, the overlying soils and structures will sink or tilt.
If the water cannot drain away, the water pressure rises. When the water pressure equals the
downward pressure of the overlying strata and structures, the saturated soil layer will become liquid
and flow. On steep slopes (greater than 3%) where the saturated layer is at or near the surface, soil,
vegetation and debris can flow rapidly downslope with the liquified material. These flow failures can
result in the movement of material for miles. On gentle slopes (0.3 to 3%) where the saturated layer
is below the surface, failures termed lateral spread occur, with huge blocks of soil moving 10 to 100
feet or more (Federal Emergency Management Agency, 1987).

FLUCTUATING LAKE LEVELS

Water levels in U.S. lakes can fluctuate on a short-term (e.g., seasonal) or long-term (e.g., yearly)
basis. Periods of heavy rainfall, for example, can cause high water levels for short periods of time
and annual snowmelt can result in higher water levels in the spring. Long-term lake level fluctuations
are a less-recognized phenomenon that can cause high water and subsequent flooding problems lasting
for years or even decades.

While all types of lakes may exhibit fluctuating water levels, water levels usually do not change
dramatically in lakes where outlet streams provide a fairly regular balance of inflow and outflow.
Some lakes, however, are completely landlocked or have outlets that are “inadequate” for maintaining
a balance between inflow and outflow. These lakes, commonly referred to as “closed basin lakes,”
are particularly susceptible to dramatic fluctuations in water levels — five to fifteen feet in some
instances — over long periods of time. The Great Salt Lake in Utah and the Salton Sea in California
are examples of landlocked lakes, and the Great Lakes are examples of lakes with inadequate outlets
under extreme high water level conditions.

Long-term water level fluctuations are particularly pronounced on the Great Lakes and other lakes
that were formed by glacial action. The significance of this problem is underscored by the fact that
most of the lakes in the United States are glacial lakes. In the states of Alaska, Maine, Michigan,
Minnesota, New York, North Dakota and Wisconsin alone, there are more than 100,000 inland lakes
(Federal Emergency Management Agency, 1987).

The “playa” or drainage lakes in the West and Southwest have no outlets or only limited outlets and
are also subject to long-term fluctuations in water levels. Sinkhole lakes in Florida and throughout
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the Southeast also exhibit the characteristics of closed basin lakes. Flooding can be a problem on
the shorelines of oxbow lakes,’ which are common in the floodplains of the Mississippi River, its
tributaries and other southern rivers.

Flooding caused by fluctuating lake levels presents a different set of problems than riverine flooding.
Riverine flooding is typically of short duration, lasting for a period of hours or days. While relatively
short-duration flooding can also occur on lakes, flooding associated with closed-basin lakes or lakes
with inadequate outlet channels may persist for years.

TYPES AND CAUSES OF LAKE LEVEL FLUCTUATIONS

Lake level fluctuations can be caused by both natural and man-induced events. Natural factors
influencing lake levels include precipitation, evaporation, upland runoff, ground water conditions, ice,
aquatic growth, meteorological disturbances, and long term climatic trends. Man-induced factors
influencing lake levels include dredging activities, diversions, consumptive water use, and regulation
by structural works.

The most dramatic short-term changes in water levels are caused by strong winds and by sharp
differences in barometric pressure. These fluctuations usually last less than a day and do not cause
any changes in the total volume of lake water. The phenomena of surface tilt or wind set-up is
illustrated on Figure 1-12.

Wind
—— .
Storm Water Level ~gind Set-up
Undisturbed Water Level f

PROFILE OF A LAKE SHOWING WIND SET-UP Undisturbed Water Level
PROFILE OF LAKE SHOWING WAVE RUN-UP

Source:  U.S. Army Corps of Engineers, Detroit District. Great Lakes Water Levels Facts. Detroit, Michigan: U.S. Army Corps
of Engineers, 1987.

Figure 1-12. Storm Effects on Lake Levels.

¢ Oxbow lakes are closed-off channel segments left behind when the main channel of a meandering river cuts
through the land and creates a new channel.
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Seasonal lake level fluctuations are associated with the hydrologic cycle. In the early spring, snowmelt,
heavier rains and reduced evaporation over a drainage basin typically cause lake water levels to rise
from winter lows. This trend continues until peak levels are reached in the summer. As the summer
progresses, runoff and ground water flows reach their lowest values and steadier winds and drier air
increase evaporation. As a result, water supplied to the lake becomes less than the outflow, and the
water level begins a downward trend, reaching the lowest levels during winter.

Long-term fluctuations in lake levels result when water supply conditions in a drainage basin become
persistently low or high. These conditions can be caused by such factors as long-term climatic
changes. The intervals between periods of high and low water and the lengths of such periods vary
widely and erratically, and extreme lake levels are likely to persist even after the factors that caused

them have changed. Long-term fluctuations in lake levels are particularly significant in the Great
Lakes Basin.

WATER LEVEL FLUCTUATIONS IN THE GREAT LAKES SYSTEM

The five Great Lakes (Superior, Michigan, Huron, Erie and Ontario) and their connecting waterways
(see Figure 1-13), make up the largest fresh water lake system in the world, with a total water surface
area of 95,000 square miles (Great Lakes Commission, 1986). Despite the natural drainage through
the lake system, the Great Lakes are considered a closed-basin system because of the lakes’ limited
outflow capacities relative to the size of the basin (Federal Emergency Management Agency, 1986).

Fluctuations in Great Lakes water levels have occurred continually since the modern Great Lakes
were formed some five to six thousand years ago and after the last ice age ended some 10,000 years
ago (Hough, 1968). Yearly fluctuations on the average account for changes of about 12 to 18 inches,
with lows normally occurring in January or February and highs in June through September (Great
Lakes Commission, 1986). Longer-term fluctuations in water levels have been measured at over six
feet from record lows to record highs. Since modern lake level measurements began in 1860, the
Great Lakes have experienced distinct periods of high and low water levels. High water periods have
occurred in the late 1920s, mid-1940s, early 1950s, early 1970s and mid-1980s (Federal Emergency
Management Agency, 1987). Table 1-5 shows surface elevation data for the Great Lakes in this
century (U.S. Army Corps of Engineers, 1987).

The water level in each of the Great Lakes is dependent on the hydrologic water balance — the
balance between the amount of water entering the lake (from precipitation, runoff, snowmelt, inflow
from connecting channels, diversions of water into the lake basin and ground-water inflow) and the
amount of water lost (through evaporation, ground-water outflow, consumptive uses, diversions out
of the lakes and flow through surface outlets).

The large size of the Great Lakes and the limited discharge capacities of their outlets cause extremely
high or low lake levels to persist for a long period of time. Much of the shoreline of the lakes is
highly erodible, and shore erosion and flooding have caused significant damage, especially during high
water periods. Shoreline property damages have increased with each high water period because of
the increased development of unprotected shorelines, rising shorefront property values and record
high water levels.
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Figure 1-13.

The Great Lakes System Showing Lake Profiles and Average Monthly Water-Level

Elevations, 1900-1984.

It is extremely difficult to forecast future water levels in the Great Lakes Basin. Any attempt to do
SO requires accurate information on the various natural and human-induced factors affecting water
levels. Future long-term fluctuations will occur; likely generating both extreme high and low
conditions. It is also likely that serious flooding and erosion problems will occur again along the
shorelines of the Great Lakes in the future.

Recently, the National Oceanic and Atmospheric Administration (NOAA) has conducted research
into the impacts of the greenhouse effect on Great Lakes levels. NOAA predicted that higher air
temperatures from the greenhouse effect “would also lead to such events as a shortened snow season
in the Great Lakes basin with reduced snow melt runoff; increased evaporation of lake waters...” and
other impacts. The result is that water levels in the Great Lakes over the next 75 to 100 years may
drop an average of 2 to 4.5 feet (Anonymous, 1988).
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Table 1-5. Changes in Water Levels in the Great Lakes, 1900-1986.

LAKE SURFACE ELEVATION IN FEET*

LAKE MONTHLY MEAN RANGE
1900-1986 (winter low to summer high monthly means)
Average Maximum Minimum Average Maximum Minimum
Superior 600.61 60224 598.23 1.2 2.1 0.4
Michigan-Huron 57833  581.62 575.35 1.2 21 4
St. Clair 573.40  576.69 569.86 1.7 33 4
Erie 570.50  573.70 567.49 1.6 2.8 9
Ontario 24473  248.06 241.45 2.0 3.6 7

* Water levels are referenced to International Great Lakes Datum 1955.

Source:  Adapted from U.S. Army Corps of Engineers, Detroit District. Great Lakes Water Levels Facts, Detroit, Michigan: U.S.
Army Corps of Engineers, 1987 (Table 2, p. 14).

LAKE LEVEL FLUCTUATIONS IN OTHER AREAS

Other lakes that have exhibited dramatic fluctuations in water levels include the Great Salt Lake in
Utah, Lake Pulaski in Minnesota, Lake Elsinore, and the Salton Sea in California, Lake Malhuer in
Oregon, and Devils Lake in North Dakota. Flooding problems of the Great Salt Lake and Lake
Pulaski are illustrative of flooding problems on these other lakes.

Great Salt Lake, Utah

The Great Salt Lake can be described as a “terminal lake” because it receives inflow but has no
outlet. Historical accounts of lake levels have been well documented since the mid-1800s and
fluctuations between elevation 4,191.35 and elevation 4,211.85 feet above mean sea level (msl) have
been recorded. After 1963, when the lake fell to the record low, new development and infrastructure
facilities were established on the exposed lake bed. By 1975, however, the lake level had risen to
4,202 feet above msl, and in the fall of 1982 it began to rise even further in response to a series of
storms (Federal Emergency Management Agency, 1987).

Between September 1982 and June 1983, the lake rose 5.2 feet — the greatest seasonal rise ever
recorded — increasing the lake’s surface area by 171,000 acres (267 square miles). In April 1983
a Presidential disaster was declared following severe storms, landslides and lake flooding. Damage
estimates for total losses at the end of 1983 were approaching $500 million (Federal Emergency
Management Agency, 1986).
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Fed by unprecedented precipitation, the lake continued to rise steadily, reaching an all-time recorded
high of 4,211.85 feet above sea level in June, 1986. It had risen 11 feet in 4 years, and the State of
Utah was faced with the imminent loss of Interstate 80, railroads, wastewater treatment plants, and
possibly the Salt Lake International Airport if the lake level continued to rise a few more feet
(Federal Emergency Management Agency, 1986).

As a result, a number of flood control options were thoroughly studied and evaluated, including:
diversion of water from the Bear River into the Snake River Basin in Idaho; dredging, diking, and
pumping water from the Bear River; and pumping water into the west desert. The West Desert
Pumping Project evolved as the quickest action that could be taken to provide the greatest flood
control benefit at the most reasonable cost.

The pumping project was completed and the three giant pumps (3,300 cfs total capacity) began
discharging water into the west desert in March 1987. Pumping, combined with two successive dry
years, resulted in a lowering of the lake to an elevation of about 4,206.5 feet above msl by May of
1989. In July of 1989 the project was halted and the pumps “mothballed” (U.S. Water News, 1989).

Lake Pulaski, Minnesota

Lake Pulaski, located approximately 45 miles northwest of the Minneapolis-St. Paul metropolitan area,
is landlocked with no outlet stream. Ground-water inflow feeds the lake but direct rainfall and runoff
are the most significant contributors to elevated water levels and resulting flooding problems.

Following prolonged drought during the 1930s, the lake level remained low for an extended period
of time and extensive lakeshore development took place, including year-round homes and seasonal
cottages. Since the late 1960s, however, the water level has continued to rise steadily, inundating
many exposed structures. Today much of the existing development surrounding the lake is at risk
(Federal Emergency Management Agency, 1986).

SUMMARY AND CONCLUSIONS

Floodplains may be defined and identified in two basic ways — as natural geologic features or from
a regulatory perspective. The one percent annual chance (“100-year”) flood is the standard most
commonly used for management and regulatory purposes in the United States. In part because of
the different ways of defining and identifying floodplains, there is no definitive estimate of the total
area of floodplains in the United States, or even of the area subject to a one percent annual chance
flood. Existing estimates vary widely and cannot be readily compared because of differences in
estimation techniques and definitions used.

Flooding concerns are not limited to the traditional riverine and coastal flooding situations. Also of
concern are more unusual floods associated with alluvial fans, unstable channels, ice jams, mudflows
and other types of ground failure, as well as fluctuating lake levels and areas “protected” by structural
control works in both riverine and coastal areas. Flooding in areas outside delineated floodplains
caused by inadequate surface drainage and high ground water levels is also of concern.



CHAPTER 2:

FLOODPLAIN RESOURCES AND
VALUES

Floodplains are an integral part of river systems. Floodplains in their natural state provide
for cleansing of pollutants and floodwater storage, as well as recreation. Alteration or
development of the floodplain eliminates or degrades these values.

President’s Commission on Americans Cutdoors, 1987

Many of the Nation’s most prominent landscape characteristics, including many of our most valuable
natural and cultural resources, are associated with floodplains. These resources include wetlands,
fertile soils, rare and endangered plants and animals, and sites of archaeologic and historic sig-
nificance. Floodplains have been shaped, and continue to be shaped, by dynamic physical and
biological processes driven by climate, the hydrologic cycle, erosion and deposition, extreme natural
events, and other forces. The movement of water through ground and surface waters, floodplains,
wetlands and watersheds is perhaps the greatest indicator of the interaction of natural processes in
the environment.

These natural processes influence human activities and are, in turn, affected by our activities. They
represent important natural functions and values and provide both opportunities and limitations for
particular uses and activities. Traditionally, while much attention has been focused on the hazards
associated with flooding and floodplains, less attention has been directed toward the natural and
cultural values of floodplains or to evaluation of the full social and economic returns from floodplain
use. In recent years, the natural values associated with floodplains — particularly wetlands — have
been the subject of increased scientific study and management.

Surface water, ground water, floodplains, wetlands and other features do not function as separate
and isolated components of the watershed, but rather as a single, integrated natural system.
Disruption of any one part of this system can have long-term and far reaching consequences on the
functioning of the entire system. In the past, lack of understanding of the overall natural system and
its component processes contributed to significant alteration of the natural functions of floodplains,
and in many cases to the degradation and destruction of these resources.

Floodplain resources, including wetlands and agricultural lands, are experiencing increasing pressure
for use and development — for highways, for residential and commercial building sites, and for other
urban uses. In response to these development pressures, knowledge and information regarding the
natural resources, processes and values of floodplains can contribute to assessments of the ecological,
economic and social impacts of further floodplain development. This knowledge and information
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can help to protect and better utilize the benefits and values these resources provide. Improved
knowledge and information about the natural values of floodplains can be used to differentiate
between lands that should remain in their natural condition, lands that can accommodate certain uses
but not others, and lands that are most suitable for development.

The natural and cultural values associated with floodplain resources can be categorized in a variety
of ways. Floodplain values can be thought of in terms of environmental quality values such as fish
and wildlife habitat and water quality. They can also be thought of in terms of socioeconomic values,
which are more easily understood by some because these values provide either dollar savings (related
to flood and storm damage protection, for example) or financial profit (related to increased produc-
tion from floodplain use).

A Unified National Program for Floodplain Management divides riverine and coastal floodplain
resources into: 1) water resources; 2) living resources (habitat); and 3) cultural resources (Federal
Emergency Management Agency, 1986). Figure 2-1 provides a listing of specific resources associated
with each category. The division between these three categories of resources — particularly between
water resources and living resources — is somewhat arbitrary. These resources are closely related
and interwoven, and are often of a synergistic nature. They are described on the pages that follow.

Not all floodplains contain the same natural resources, and efforts to protect the natural values of
floodplains have not always given equal weight and attention to all of the values. While categories
of values, like categories of resources, are useful to keep in mind for discussion purposes, the values
of floodplain resources are closely interrelated. Information relating to the extent of these values
seldom fits neatly into specific categories.

Much work in recent years has been directed toward assessing wetland functions, resources and
values, and has resulted in tabulations of wetland acreage and other statistics pertaining to the extent
and quality of the Nation’s wetland resources. Because most wetlands are located within floodplains,
these wetland statistics can be usefully applied to floodplains. Although some attention has been
directed toward quantitative assessments of other resources and values associated with floodplains,
the floodplain component has seldom been separately quantified. As a result, statistical data
comparable to that available for wetlands has yet to be developed for other floodplain natural and
cultural resources.

Wetland research and other recognized sources of information have been used to compile data on
the Nation’s wetlands and riparian systems. Historical data on the extent of wetlands and riparian
systems located within floodplains, however, do not exist. Surveys underway by the U.S. Fish and
Wildlife Service (FWS), Soil Conservation Service (SCS), and others will provide a better definition
of wetland location, history, and resource functions, including the proportion of wetlands and related
habitat values located in floodplains. Data from these surveys were not available at the time of
completion of the Assessment Report. Numerous small wetlands located in upland areas such as
agricultural fields or forests are included in wetland resource totals but are distinctly outside of
floodplain borders.

The economic value of various floodplain natural resources has not been well established, although
considerable research regarding the economic value of wetlands has been conducted for many years.
Table 2-1 presents an estimated dollar value per acre for several wetland functions (Heimlich, 1986).
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Natural Flood and Erosion Control:
¢ Reduce flood velocities

s Reduce flood peaks

e Reduce wind and wave impacts
¢ Stabilize soils

Maintain Groundwater Supply and Balance:

» Promote infiltration and aquifer recharge

e Reduce frequency and duration of low flows;
i.e. increase/enhance base flow

Support Flora:

e Maintain high biological productivity of
floodplain and wetland vegetation

e  Maintain productivity of natural forests

NATURAL AND CULTURAL RESOURCES OF FLOODPLAINS

WATER RESOURCES

Water Quality Maintenance:

Reduce sediment loads

Filter nutrients and impurities
Process organic and chemical wastes
Moderate temperature of water
Reduce sediment loads

LIVING RESOURCES

Provide Fish and Wildlife Habitat:

Maintain breeding and feeding grounds
Create and enhance waterfowl habitat
Protect habitat for rare and endangered species

Source:

e  Maintain natural crops
¢ Maintain natural genetic diversity

CULTURAL RESOURCES

Maintain Harvest of Natural and Agricultural Provide Recreation Opportunities:

Products: o Provide areas for active and consumptive uses
e Create and enhance agricultural lands o Provide areas for passive activities

e Provide areas for cultivation of fish and shellfish e Provide open space values

¢ Protect silvaculture e Provide aesthetic values

L ]

Provide harvest of fur resources

Provide Scientific Study and Outdoor Education Areas:
¢ Provide opportunities for ecological studies
» Provide historical and archacological sites

Adapted from U.S. Water Resources Council. A Unified National Program for Floodplain Management. Washington,
D.C.: U.S. Water Resources Council, 1979.

Figure 2-1.

Summary of Floodplain Natural and Cultural Resources.

Table 2-1. Estimated Wetland Values per Acre, from Recent Studies.
FUNCTION SITE AND SOURCE VALUE PER ACRE
(1984 Dollars)
Aquaculture Virginia tidal marsh 872-2,241
Fish Production Virginia tidal marsh 269
Life-support Virginia tidal marsh 10,333
Waste assimilation Virginia tidal marsh 6,225

Sediment accretion

Alcovy River, GA 3

Timber production Alcovy River, GA 1,605
Water quality enhancement Alcovy River, GA 1,108
Ecological functions Michigan coastal marshes 4,472
Fish and wildlife Michigan coastal marshes 843
Flood control Charles River, MA 362
Fish, wildlife and recreation Charles River, MA 38

Source:

Heimlich, Ralph E. and Linda L. Langer. Wetland Conversion and Farm Products. Agricultural Economic Report No.
551. Natural Resource Economics Division, Economic Research Service, U.S. Department of Agriculture. 1986.
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WATER RESOURCES

Rivers are the “life blood” of our Nation and great biological systems supporting diverse forms of
life. Throughout our history, they have been highways for exploration, migration, and commerce and
have been used both as sources of water supply and as disposal systems for the byproducts of
industrial society. There is hardly a major city not located on a river or at the mouth of a river. The
contiguous 48 states contain 3.2 million miles of rivers, and another 365,000 miles are found in Alaska
(U.S. Geological Survey, 1986). Most communities have at least one stream that helps to define local
character and is an important source of community identity. As a number of cities and towns have
demonstrated, our Nation’s rivers and coastlines provide a common focus for urban growth and
development.

Uses of water are characterized as in-stream uses and off-stream or diversion uses. Principal off-
stream uses of surface water are for irrigation, industrial, municipal, and energy production purposes.
For all but irrigation diversions, most of the water, following its use, is discharged to surface or ground
waters and eventually returns to the stream system, usually with some aspect of its quality changed.
The part of the diverted water that does not return to streams is consumed, mostly by vegetation,
or enters the atmosphere through transpiration and evaporation. Diverted water is sometimes used
in a drainage basin other than the one in which it originates, as water is typically transferred from
regions with large supplies to others with smaller supplies or larger water demands. About forty
percent of irrigation water withdrawn is ultimately returned to a stream or ground water (U.S. Depart-
ment of Agriculture, 1989).

In-stream uses of water include navigation, fish and wildlife propagation, waste assimilation and
transport, hydropower generation, agricultural and industrial uses, and recreational activities. These
uses usually require some minimum flow rate and are largely competitive with diversion uses, which
reduce the flow. For example, streamflow must not fall below some minimum rate if navigation is
to continue, if fish habitat is to be preserved, or if waste loads are to be adequately assimilated.
Flows needed for hydropower generation may change hourly, daily and seasonally. Optimum flows
for recreational activities depend on the particular activity.

The surface water resources of the United States are extensively developed and managed for a
multitude of uses, and surface water represents 77% of the Nation’s total freshwater withdrawals
(President’s Commission of Americans Outdoors, 1987).

Total annual renewable water supply for the conterminous United States is about 1,380 billion gallons
per day. Of this total, only about 8% or 117 billion gallons per day is consumed or not available for
immediate reuse downstream. The spatial and temporal distribution of this water, however, is very
uneven. In the New England water resources region, for example, less than 1% of the annual
renewable water supply is consumed. In contrast, nearly the entire annual supply is consumed in the
Colorado River basin (U.S. Geological Survey, 1986).

Increasing water demands have led to competition and conflicts between users in some areas.
Throughout this century our national consumption of water has increased. The fastest growing uses
have been for public water supplies (covering most residential and commercial uses) and for
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generating electricity. The largest single use is for irrigation, which currently accounts for 81% of
all water consumption in the United States. Even though the total off-stream withdrawals of surface
water more than doubled from 1950 to 1980, withdrawals still remained less than 21% of the
renewable supply in 1980 (U.S. Geological Survey, 1986).

NATURAL FLOOD AND EROSION CONTROL

Natural floodplain systems can serve to reduce or avoid the environmental and economic costs
associated with structural flood control works. The principal natural flood control values provided
by floodplains and wetlands are:

¢ Reduction of flood velocities
¢ Reduction of flood peaks
e Reduction of wind and wave impacts

The physical characteristics of riverine and coastal floodplains affect flood flows and, except in steep
narrow valleys and in the presence of coastal bluffs and escarpments, typically provide space for the
dispersal and temporary storage of flood waters. This dispersal and storage function can serve to
reduce peak flood flows and velocities and the potential flood damage impacts to people, resources
and property. Flood storage is particularly important in urbanizing areas where even small floods
resulting from a 5- or 10-year storm can cause severe flood damage. The flood storage effectiveness
of a particular floodplain area depends on its size and hydrologic character, flooding characteristics,
the distribution of streams or rivers in the watershed, vegetation and ground cover, and the location
of development. One acre of a floodplain can hold 326,000 gallons of water if flooded to a depth
of one foot.

Wetlands provide particularly valuable flood control functions. In their natural condition, most
wetlands serve to temporarily store flood waters. This flood storage function helps to slow the velocity
of water and typically to lower wave heights, thereby reducing the water’s erosive potential. Wetlands
slow the flow of water, store it for some time and slowly release stored waters downstream. In this
manner flood peaks of tributary streams tend to be desynchronized and flood waters may not all reach
the mainstream water course at the same time.

In the early 1970s the Corps of Engineers (Corps), New England Division, considered

% various alternatives to providing flood protection in the lower Charles River watershed
4 near Boston, Massachusetts, including structural measures and perpetual wetlands
protection. The Corps considered that wetlands protection through a “natural valley

storage plan” was the least cost solution to the flooding problem. In 1983 wetland

acquisition for flood protection purposes was completed in the Charles River Basin

(Tiner, 1984).

Wetland vegetation can reduce shoreline erosion in several ways, including: 1) binding the soil with
its root systems; 2) dampening waves through friction; and 3) reducing current velocity through
friction. Trees help stabilize river banks as root systems bind the soil and trunks and branches slow
the flow of flooding waters. The banks of some rivers have not been eroded for 100 to 200 years
due to the presence of trees. While most wetland plants require calm or sheltered water for establish-
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ment, once established, this vegetation provides an important erosion control function. Wetland
vegetation has been successfully planted to reduce erosion along U.S. waters (Dunne, 1978). Isolated
wetlands such as the prairie potholes of the north-central United States also have important roles
in storing flood waters as well as providing essential habitat for wildlife.

sions within the basin stored about 72 percent of the total runoff volume from a 2-year
frequency storm and about 41 percent of the total runoff volume from a “100-year” (one
percent) frequency storm (Ludden, 1983).

f A study of the Devils Lake Basin in North Dakota revealed that natural, shallow depres-

Coastal floodplains, in addition to flood storage and conveyance functions, can also serve to reduce
wave impacts that may cause severe damage for distances as far as thousands of feet inland, depend-
ing on topography, vegetation and manmade or natural barriers. Beaches, sand bars, dunes, and
wetlands act as natural barriers to dissipate waves and protect backlying areas from flooding and
erosion.

Coastal barriers — elongated, offshore formations of sand and other unconsolidated sediments lying
generally parallel to mainland coastlines — protect large portions of our mainland coastal area against
severe storms and the surge and wave impacts that can accompany these storms. The term “barrier”
reflects the protective aspect of these formations that serve to protect landward features such as bays,
wetlands, estuaries and the mainland shoreline from the direct effects of high water, waves and cur-
rents caused by both “normal” conditions and by hurricanes, northeasters and other severe coastal
storms.

The basic types of coastal barriers are depicted on Figure 2-2 and include bay barriers (connected
to headlands on both ends), barrier spits (connected on one end), and barrier islands (bounded on
each side by inlets without attachment to the mainland). In the United States, coastal barriers are
found along the Atlantic and Pacific coasts as well as along the Gulf coast and Great Lakes shorelines.
These barriers are most extensive and well developed along the Atlantic and Gulf coasts, where they
make up one of the longest and most well defined coastal barrier systems in the world. Eighteen
states along the Atlantic and Gulf coasts are fronted by nearly 300 coastal barriers ranging from small
isolated shoals to long island chains (Leatherman, 1980). Figure 2-3 shows the distribution of these
barriers. :

These natural coastal barriers form several lines of defense against waves and erosion. Offshore and
nearshore bars are the first line of defense, absorbing much of a wave’s energy and causing it to break
and weaken even though it may travel some distance inland. Dunes lying behind the beach are the
second line of defense against storm waves, although a severe storm may destroy the dunes. In addi-
tion to acting as buffers to waves and erosion, dunes also partially protect against hurricane winds.

Vegetation on the barriers and coastal wetlands are a third line of defense, particularly in estuaries
and behind barrier islands. Mangrove swamps are especially effective in this regard. Vegetated
wetlands form in backlying areas that are subject only to infrequent storms such as the one percent
annual chance event. When such events occur, wetland vegetation causes waves to dampen and
break, dissipating much of their energy. Other coastal wetlands and forested wetlands along lakes
and large rivers may function similarly.
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Barrier Spits | Barrier Islands

Source:  Leatherman, Stephen. Barrier Island Handbook. College Park, Maryland: University of Maryland, 1980.

Figure 2-2.  Basic Types of Coastal Barriers.

WATER QUALITY MAINTENANCE

Natural floodplain systems can serve to reduce or avoid the environmental and economic costs
associated with waste water treatment and water quality maintenance. Floodplains also provide
important natural functions related to protecting the physical, biological and chemical integrity of
water. These functions include:

¢ Reducing sediment loads
o Processing chemical and organic wastes
¢ Reducing nutrients

Floodplains buffer rivers, streams, lakes and estuaries from upland sources of pollution. An undis-
turbed, vegetated floodplain can filter surface runoff and capture sediment loads. Wetlands provide
particularly important filtering functions because of their location betweenland and water. Floodplain
wetlands can thus intercept runoff from land before it reaches the water and help filter nutrients,
wastes and sediment from flooding water.

Floodplain vegetation reduces the velocity of sediment-laden flood water and results in deposition
on overbank areas rather than in lakes, reservoirs and streams. Without floodplain vegetation, runoff
flows quickly over the surface of a barren floodplain, and is capable of carrying large amounts of
sediment and debris as well as pathogens and toxic substances to the main water body.

Wetlands play a valuable role in reducing the turbidity of flooding waters, an important function with
regard to supporting aquatic life and reducing siltation of ports, harbors, rivers and Ireservoirs.
Removal of sediment load is also valuable because sediments often transport absorbed and adsorbed
nutrients, pesticides, heavy metals and other toxins that pollute water resources. Wetlands have been
proven to be good filters of nutrients as well as heavy metal loads found in dredged material disposal
effluent.
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STATE NUMBER OF TOTAL ACREAGE
BARRIER
ISLANDS
Alabama 5 28,200
Connecticut 14 2,362
Delaware 2 10,100
Florida 80 467,710
Georgia 15 165,600
Louisiana 18 41,120
Maine 9 2,640
Maryland 2 14,300
Massachusetts 27 37,600
Mississippi 5 9,500
New Hampshire 2 1,100
New Jersey 10 48,000
New York 15 30,310
North Carolina 23 146,400
Rhode Island 6 3,660
South Carolina 35 144,150
Texas 16 383,500
Virginia 11 68,900
18 STATES 295 1,605,152
Source:  Leatherman, Stephen. Barrier Island Handbook. College Park, Maryland: University of Maryland, 1980.

Figure 2-3.  Representative Coastal Barriers.

Wetlands have an excellent capacity for removing water pollutants, and certain types of wetlands are
specifically used to contribute to the processing of domestic waste waters. Wetlands remove nutrients
from flood waters, especially nitrogen and phosphorous needed for plant growth, thereby maintaining
wetland productivity and helping prevent eutrophication or over-enrichment of surface waters. Studies
of heavily polluted waters flowing through Tinicum Marsh in Pennsylvania have revealed significant
reductions in biological oxygen demand, phosphorous and nitrogen within three to five hours (Kusler,
1982).

A variety of studies have addressed the use of wetlands and floodplains for tertiary treatment of
domestic and industrial wastes and stormwater runoff. Bottomland forested wetlands along the Alcovy
River in Georgia have been shown to filter impurities from flooding waters and the value of the 2,300
acre Alcovy River Swamp for water pollution control was estimated at $1 million a year (Horwitz,
1978).

Despite these known abilities to remove pollutants, the long term effects of pollutant loading to
wetlands are not well understood. Dramatic changes in species composition, however, have been
observed in wetlands receiving increasing pollutant levels and current research is directed to examin-
ing the effects of pollutant loading on wetlands. It is thought that pollutant loadings stress and
degrade wetlands, ultimately reducing the ability of wetlands to retain pollutants (Meagher, 1988).
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Other water quality functions provided by floodplains include the trapping of nutrients, chemicals
and other materials migrating through floodplain soils and the degradation of these materials by bac-
teria (Federal Emergency Management Agency, 1986).

GROUND-WATER SUPPLY AND BALANCE

Subsurface conditions of undisturbed floodplains can facilitate the infiltration and storage of water.
The slowing and dispersal of runoff and floodwater allows additional time for this water to infiltrate
and recharge ground-water aquifers when there is available storage space. The slowing of runoff and
floodwater can also provide water purification benefits as the water infiltrates into the aquifer. Water
entering the ground-water system during periods of high flow can reduce, rather than contribute to,
flood peaks. In addition, water can also flow from higher ground-water systems into lower surface
waters during periods of low flow, so that the frequency and duration of extremely low flows may
be reduced.

Floodplains and wetlands can increase ground-water infiltration for human use. Municipal and private
water supply wells are often located in floodplain alluvial deposits, and floodplains and wetlands can
represent an important source of water supply for human consumption. Most wetlands are areas
of ground-water discharge, and some wetlands store water that is important for wildlife and may be
used for irrigation and livestock watering during periods of drought.

The role of wetlands in ground-water recharge has been the subject of some debate and scientific
study. The recharge potential of wetlands has been shown to vary according to numerous factors,
including wetland type, geographic location, season, soil type, water table location and precipitation.
Floodplain wetlands may contribute to ground-water recharge through overbank water storage.

LIVING RESOURCES AND HABITATS

Coastal and riverine floodplains provide habitat for many and diverse populations of plants and
animals, as well as sources of energy and nutrients for organisms in adjacent and downstream
ecosystems. The wetlands and riparian areas of our Nation’s floodplains are among the most
productive of ecosystems. Wetland plants are particularly efficient converters of solar energy.
Through photosynthesis, plants use sunlight to connect inorganic substances into plant material
(biomass) and produce oxygen as a by-product. This biomass serves as food for a multitude of fish
and wildlife species, both aquatic and terrestrial. The major food value of wetland plants is achieved
when the plants die and fragment to form detritus. About 50% of the endangered species in the
United States require wetland habitat at some point in their life cycle (Meagher, 1988).

WETLANDS

Wetlands and floodplains are not synonymous, but wetlands are perhaps the most prominent and
familiar of floodplain resources. Wetlands in the floodplain are readily identifiable by the presence
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of typical emergent vegetation — plants that are rooted in the soil but grow through the surface of
the water — or by varying amounts of submerged and floating plant life. The depth, duration of
flooding, chemistry and temperature of the water (and in coastal marshes, the reach of the tide)
determine the types of plant life found in a given wetland. These physical and chemical features
determine the types of vegetation and the wide array of other living resources such as fish, mollusks,
birds, crustaceans, insects, worms, and tiny organisms that find food and shelter in the substrate and
within the vegetation.

Due to the diversity of wetlands and the difficulty in delineating precise boundaries between dry and
wet environments, there is no single definition of wetlands. Wetland definitions have been formed
according to the specific needs of wetland regulators, waterfowl biologists, hydrologists, flood control
and water quality engineers, and others concerned with wetland management.

One definition of wetlands that has been widely accepted as a national and international standard
has been developed by the U.S. Fish and Wildlife Service (FWS):

Wetlands are lands transitional between terrestrial and aquatic systems where the water table is
usually at or near the surface or the land is covered by shallow water. For purposes of this
classification wetlands must have one or more of the following three attributes: 1) at least
periodically, the land supports predominantly hydrophytes (wetland vegetation); 2) the substrate
is predominantly un-drained hydric soil; and 3) the substrate is nonsoil and is saturated with water
or covered by shallow water at some time during the growing season of each year (Tiner, 1984).

Included within these broad limits is a wide variety of lands that are continuously submerged or
intermittently inundated by seasonal river flooding or normal tidal action. Figure 2-4 illustrates
different areas where inland wetlands typically form, and Figure 2-5 illustrates areas of coastal wetland
formation.

At Jeast two other definitions of wetlands have been applied nationally. The U.S. Army Corps of
Engineers (Corps) and the U.S. Environmental Protection Agency (EPA) use the following definition
of wetlands in administering the Section 404 permitting program:

The term “wetlands” means those areas that are inundated or saturated by surface or ground
water at a frequency and duration sufficient to support, and under normal circumstances do
support, a prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands
generally include swamps, marshes, bogs, and similar areas (33 CFR, 3283 (b)).

In 1985 Congress added a slightly different definition of wetlands as part of the “Swampbuster”
provision of the Food Security Act of 1985 (P.L. 99-198):

-.Land that has a predominance of hydric soil and that is inundated or saturated by surface or
ground water at a frequency and duration sufficient to support, and that under normal circum-
stances does support, a prevalence of hydrophytic vegetation typically adapted for life in saturated
soil conditions, except that this term does not include lands in Alaska identified as having a high
potential for agricultural development and a predominance of permafiost soils.
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Source:  Tiner, Jr., Ralph W. Wetlands of the United States: Current Status and Recent Trends. Newton Corner, Massachusetts:
U.S. Fish and Wildlife Service, Habitat Resources, 1984.

Figure 2-4.  Inland Wetlands.

In January 1989, the Corps, EPA, FWS, and the U.S. Soil Conservation Service (SCS) signed an
interagency agreement to adopt a single consistent approach to determining which areas are wetlands
under the jurisdiction of federal programs. A manual (The Federal Manual for Identifying and
Delineating Jurisdictional Wetlands) detailing the technical procedures for wetland identification went
into effect for Section 404 of the Clean Water Act on March 20, 1989. This new manual supersedes
earlier EPA and Corps wetland delineation manuals. It should help assure consistency and repeata-
bility in wetland jurisdiction decision-making, and, therefore, should result in less frequent interagency
disagreements over the extent of wetlands at a site (U.S. Environmental Protection Agency, 1989).

Because of the different definitions of wetlands that have been used, determining the total amount
of wetlands in the United States and their regional distribution is difficult. Several attempts have
been made over the years to inventory wetlands. Mitsch reviewed several studies of wetland trends
and concluded that “(1) Estimates of the area of wetlands in the United States vary widely, and (2)
Most studies have indicated a rapid rate of wetland loss in the United States, at least prior to the
mid-1970s” (Mitsch, 1986). A National Wetland Trends Study conducted for the FWS in the early
1980s estimated total wetlands in the contiguous 48 states at 108 million acres in the mid-1950s and
at 99 million acres in the mid-1970s. Of the 99 million acres in the mid-1970s, only 5.2 million were
estuarine wetlands and the remaining were inland wetlands. Another frequently cited estimate is that
wetlands now cover a little more than 90 million acres or about 5% of the continental United States
and 200 million acres or about 60% of Alaska (Office of Technology Assessment, 1984). A recent
FWS study of wetlands status and trends estimated a total of 103 million acres of wetlands in the
contiguous 48 states. Of this total, 52 million acres are considered commercial forested wetlands.
(U.S. Fish and Wildlife Service, 1991.)
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Figure 2-5.  Coastal Wetlands.

State by state estimates vary widely among surveys, with estimates differing by more than 100 percent
for many states. Despite the variation among surveys, Florida and Louisiana consistently show the
greatest wetland acreage in the lower 48 states. Wetland estimates for Alaska have ranged from 130
to 300 million acres, most of it wet tundra (Mitsch, 1986).

Although wetlands represent only a portion of overall floodplain acreage, essentially all coastal
wetlands and most inland wetlands occur within floodplains. As a result, the values ascribed to
wetlands can be considered, for most practical purposes, as floodplain values as well. (Wetlands along
lakes and isolated wetlands, such as those in the Prairie Pothole region, are subject to periodic
increases in ground or surface water levels that cause flooding, although these wetlands may not lie
within traditionally defined floodplains.)

Wetland Types

Wetlands can be grouped according to ecologically similar characteristics. The Cowardin, et al.,
system developed for the FWS categorizes wetlands and deepwater habitats according to five
ecological systems: 1) marine; 2) riverine; 3) lacustrine; 4) estuarine and 5) palustrine (Tiner, 1984).
Figure 2-6 illustrates the relative location of these different types of wetlands.

Deepwater habitats are defined as permanently flooded areas having a depth of greater than two
meters (6.6 feet). These areas are not classified as wetlands under the Cowardin, et al., system. The
deepwater habitat of the marine system generally consists of the open ocean, with marine wetlands
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limited to intertidal areas like beaches, rocky shores and aquatic beds. The riverine system includes
the main channels of rivers and their tributaries as well as nonpersistent emergent wetlands. The
lacustrine system includes standing waterbodies like lakes, reservoirs and deep ponds, as well as

aquatic beds and nonpersistent emergents.
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Figure 2-6.  Major Wetland and Deepwater Habitat System.
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Estuarine and palustrine wetlands are the best known wetland types. The estuarine system includes
coastal wetlands such as salt and brackish tidal marshes, mangrove swamps, and intertidal flats as
well as the deepwater habitats associated with bays, sounds and coastal rivers. Estuarine wetlands
are divided into three major types: 1) emergent wetland; 2) intertidal flat; and 3) scrub-shrub
wetland.

Palustrine wetlands, which account for roughly 90% of all wetlands in the United States, are inland
wetlands consisting primarily of freshwater wetlands such as marshes, bogs and swamps, although
inland salt and brackish marshes exist in arid and semiarid areas. (Salt marshes are found as far
inland as Utah and the Dakotas, where soils with a high salt content predominate and evaporation
rates are high.) Palustrine wetlands can also be classified according to three major types: 1)
emergent; 2) scrub-shrub; and 3) forested wetland (Tiner, 1984).

RIPARIAN ECOSYSTEMS

Riparian floodplain ecosystems are distinct associatjons of soil, flora and fauna occurring along a river,
stream or other body of water and dependent for survival upon high water tables and occasional
flooding. Although riparian ecosystems have many of the same values as wetlands, several charac-
teristics distinguish them from other ecosystems, including a high water table and linear form as a
consequence of their proximity to rivers and streams. Riparian ecosystems are also marked by a high
species density and diversity, and a high rate of interaction with upstream and downstream ecosystems
(Mitsch, 1986). Riparian ecosystems encompass a broader range of moisture and soil conditions and
a greater diversity of flora and fauna than wetlands (i.e., riparian systems typically include wetlands
along with other types of habitat).

Although the ecosystem functions of riparian areas are not fully understood, these areas are generally
more biologically diverse than surrounding uplands, with diversity most pronounced in arid regions
and along the banks of large, perennial warmwater streams. The variety of flora within riparian
systems is largely attributable to biotic and nutrient exchanges with aquatic and upland areas. The
presence of water and periodic flooding, as well as an edge effect maximized by the long narrow
shape of riparian communities, account for their floral and faunal diversity.

Estimates of total riparian habitat in the United States are as elusive as are estimates for floodplain
area and wetlands. The 1982 National Resources Inventory (NRI) conducted by the Soil Conservation
Service, estimated 16 million acres of riparian land along natural or manmade streams, canals, lakes,
reservoirs and tidal shorelines of rural, nonfederal portions of the United States. (Soil Conservation
Service, 1987). Other sources indicate that bottomland hardwood forests are the major types of
riparian ecosystem found in the United States, covering large areas in the southeastern United States.
It has been estimated that there are approximately 58 million acres of bottomland hardwood forest
in the United States, of which slightly more than half is located in 12 southern states (Mitsch, 1986).
Major areas of bottomland hardwood forests, however, have been altered as a result of draining and
clearing for agricultural use and other purposes.
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FISH AND WILDLIFE HABITAT

Due to the abundance of water and vegetation, floodplains provide wetland, riparian and other habitat
(including shelter and food sources) for large and diverse populations of fish and wildlife species.
Floodplain wetlands, for example, are major sources of food and breeding habitat for both saliwater
and freshwater fisheries and for many types of wildlife. Floodplains are especially important and
productive sources of energy and nutrients in large part because they contain the elements of both
terrestrial and aquatic ecosystems. The fish and wildlife resources supported directly and indirectly
by floodplains represent a renewable resource of great economic importance to the states and the
Nation.

The variety of floodplains and associated wetlands across the country create habitat for many forms
of fish and wildlife. Some animals spend their entire lives in floodplain wetlands while others use
the wetlands primarily for reproduction and nursery grounds. Numerous fish and wildlife species
depend on marshes and swamps for feeding or feed on organisms produced in wetlands, and many
animals visit wetlands for drinking water. Wetlands are also crucial for the survival of numerous
endangered species such as the American crocodile, the manatee, the whooping crane, and the
Mississippi sandhill crane, as well as numerous species of plants.

Coastal barriers and associated wetlands and nearshore waters are especially important in maintaining
the natural productivity of the coastal environment and provide invaluable habitat for fish and wildlife.
The estuaries and bays protected by coastal barriers are among the most valuable and productive
of all ecosystems.

Both inland and coastal wetlands are essential to maintaining important fish populations. Approxi-
mately two-thirds of the major commercial fish species in the United States depend on estuaries and
salt marshes for nursery or spawning grounds (Horwitz, 1978). Coastal marshes along the Atlantic
and Gulf coasts are most important in this regard. Coastal wetlands are also essential for the support
of shellfish.

Freshwater fishes also find wetlands important for survival. In fact, most freshwater fishes can be
considered wetland-dependent because: 1) many species feed in wetlands or upon wetland-produced
food; 2) many fishes use wetlands as nursery grounds; and 3) almost all important recreational fishes
spawn in the aquatic portions of wetlands. Wetland vegetation along rivers is important to fishes in
many ways, including providing cover, shade for water temperature regulation, and food for aquatic
insects which are eaten by fishes.

Floodplains and wetlands provide important habitat for waterfowl and other birds. Floodplain
wetlands are crucial for the existence of many birds, ranging from waterfowl and shorebirds to
songbirds. Some spend their entire lives in wetland environments, while others primarily use wetlands
for nesting, feeding or resting. In addition to providing year-round habitats for resident birds, coastal
and inland wetlands are especially important as breeding grounds, over-wintering areas and feeding
grounds for migratory waterfowl and numerous other birds.

Salt marshes along the Atlantic coast are important feeding and stopover areas. Northern salt
marshes are primary wintering grounds for black ducks in the Atlantic Flyway. Intertidal mudflats
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along all coasts are principal feeding grounds for migratory shorebirds, and freshwater coastal marshes
also provide habitat for a variety of species. Wetlands along the Gulf coast provide nesting and
feeding grounds for many species of waterfowl.

Inland wetlands are most noted for waterfowl production, although they also serve as important
nesting, feeding and resting areas for other migrating birds. The prairie pothole region of the Dakotas
is the principal breeding area for waterfowl in the United States. Mississippi River floodplains are
major duck and geese resting and feeding grounds during fall and spring migrations.

Alaskan and other tundra wetlands are prime breeding grounds for most shorebirds. During droughts
in the Prairie Pothole region, Alaska’s wetlands are heavily used by North American waterfowl for
nesting. Hawaii’s wetlands are especially important to endangered birds.

Both coastal and inland wetlands also provide valuable habitat for furbearers, other small and large
mammals and other forms of wildlife such as turtles, reptiles and amphibians. Wetland utilizing
furbearers include muskrats, beavers, otter, mink and raccoon. Larger mammals such as black bears,
white-tailed deer and caribou also find refuge and food in wetland areas (Greeson, 1979 and Mitsch,
1986).

Bottomland forests of the South are primary wintering grounds for North American waterfowl as well
as important breeding areas for many species. Forested wetlands in the eastern half of the United
States also provide important avian habitat. In the West, riparian forests along rivers are valuable
bird nesting and migration stopover areas. Riparian habitat may be more important to migrating
birds in arid regions than in more humid areas. The availability of food, water, cover and suitable
north-south routing strongly influence migrants (Greeson, 1979 and Mitsch, 1986).

Healthy riparian communities provide community structure for raptors, safe passage corridors to water
for mammals, habitat for amphibians, and cover and nutrients for fisheries. For example, riparian
habitat in the Southwest provides wildlife with food resources and community structure. At elevations
below 3,500 feet, this habitat provides lush strips of streamside vegetation interrupting desert
landscapes. These linear communities provide habitat for up to 80% of western wildlife species, and
riparian corridors are considered to be essential for maintaining healthy fish and wildlife populations
in this region (Hunt, 1985). Cottonwood groves provide a high canopy and open understory essential
to certain birds of prey for hunting, while mesquite bosques provide lower, denser vegetation ideal
for colonial nesting by white-wing doves.

The multitude of wildlife species largely dependent upon the region’s varied riparian habitats include
grey squirrels, river otters, muskrats, summer tanagers, canyon frogs, tree frogs and dove tailed hawks.
Arizona’s native cottonwood-willow associations support higher densities and a greater diversity of
breeding bird species than any other desert habitat type; two New Mexican river valleys alone support
16-17% of North America’s breeding avifauna (Hunt, 1985).

The floodplains of the West are of extreme importance to a wide variety of plants and animals.
Precisely because of the scarcity of water, the varied habitat in the narrow band between water and
desert supports some of the most diverse communities of birds and mammals in the world (Johnson,
1985).
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In southeastern Arizona, the San Pedro River and its adjoining riparian habitat have long
been identified as being a nationally significant ecosystem. This river is the best remaining
example of a major riparian ecosystem in the Southwest still largely unaffected by man.
This nationally significant river and its adjoining vegetation provides nesting, migratory
or wintering habitat for at least 20 raptor species and a total of approximately 210 species
of birds. Additionally, a study recorded 78 species of mammals in the grasslands corridor
between the riparian woodlands and the adjacent mountains. This represents the second-
highest mammalian diversity recorded in the world (Spear, 1985).

CULTURAL RESOURCES

Under today’s definition, “cultural resources” are limited to prehistoric and historic sites, archaeologi-
cal resources, buildings, districts, structures, landscapes, objects, and any other material remains of
past human life. The cultural resources of floodplains, however, as adapted from the 1979 version
of A Unified National Program for Floodplain Management, are many and include resources associated
with scientific and recreation/open space uses and the harvest of natural and cultivated products
(agricultural, aquacultural and forestry uses) as well as historical/archaeological sites.

Cultural resources of floodplains are often in competition with floodplain natural resources and are
frequently subject to flood hazards. Agricultural and recreational uses, for example, may result in
loss of wetlands or riparian habitat.

HARVEST OF NATURAL AND AGRICULTURAL PRODUCTS

Inland floodplains are great sources of commercial timber. In the 48 contiguous states, an estimated
52 million acres of commercial forested wetlands exist, and much of the acreage is within floodplains.
Most of these forests lie east of the Rockies. The standing value of southern wetland forests alone
is $8 billion (Tiner, 1984). These southern forests have been harvested for over 200 years, and for
the most part with relatively little degradation.

Floodplains also produce a variety of natural crops such as blueberries, cranberries and wild rice that
do not depend on fertilizer. Coastal wetlands have historically been harvested for salt marsh hay,
and wetland grasses are hayed in many places for winter livestock feed. Livestock may also graze
directly in wetlands across the country.

Wetlands produce fish and wildlife for human use. Commercial fishermen and trappers make a living
from these resources. From 1956 to 1975 about 60% of the United States commercial fisheries
landings consisted of fish and shellfish that depend on wetlands. Two-thirds of the commercially
important fish and shellfish harvested along the Atlantic coast and in the Gulf of Mexico depend on
coastal estuaries and their wetlands for food sources, for spawning grounds, for nurseries for the
young or for all these purposes. On the Pacific coast, almost half of the commercially important
species are estuarine and wetland dependent. Freshwater wetlands provide a greater value of harvest
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per acre than estuarine wetlands. Several billion dollars a year are generated from wetland-dependent
sport and commercial fisheries harvest (Tiner, 1984).

Floodplains along larger rivers are often prime agricultural lands because of their flat terrain,
abundant water supplies and rich alluvial soils that are periodically replenished by flooding. Prime
agricultural soils represent the highest level of agricultural productivity; they are uniquely suitable
for intensive cultivation. Until the last decade or two, conversion of wetlands to agricultural produc-
tion was considered a favorable practice, and cultivation of these areas was subject to few conserva-
tion-related constraints. Consequently, throughout most of United States history, floodplains have
been heavily used for agriculture and wetlands (in and out of floodplains) have been drained for
conversion to agricultural production. Agricultural lands, including those within floodplains and
created by draining wetlands, are subject to increasing pressures for nonagricultural uses, and the
short-term economic value of these lands for urban development is often higher than for agricultural
purposes. Market values of farmlands do not reflect the long-term value or the irreplaceable nature
of the floodplain soils.

RECREATIONAL AND OTHER RESOURCE FUNCTIONS

The recreational opportunities associated with floodplain resources range from water-oriented sports
to hiking and camping, hunting and fishing and passive enjoyment of scenic resources. For many types
of active recreational activities, such as fishing, hunting, boating and swimming, water is the focal
point. For other activities such as hiking, camping and bird-watching, water is an important backdrop.
Recreational use of rivers and streams is increasing rapidly as thousands of stretches of rivers, streams
and local creeks provide recreational benefits. Most communities have at least one stream that does,
or could, serve as a visual centerpiece for recreation opportunities (President’s Commission on
Americans Outdoors, 1987).

In many areas of the country, states and localities have acquired floodplains to serve as major
recreation areas for fishing, hunting, bird watching, picnicking, hiking, jogging, swimming and boating.
Floodplains can provide community open space resources and green belt areas for recreational use
in urban environments. A 1978 study of 17 major cities by the Heritage Conservation and Recreation
Service and the National Park Service revealed that floodplains are often the prime remaining park
and recreation sites in major urban areas (Kusler, 1982). In addition, many communities have focused
urban renewal and historical preservation and restoration projects on waterfront areas located in or
adjacent to floodplains.

Waterfowl hunting is a major wetland activity and in 1980 5.3 million people spent $638 million
hunting waterfowl and other migratory birds. Saltwater recreational fishing has increased dramatically
over the past 20 years, with half of this catch represented by wetland-associated species (Tiner, 1984).
Nearly all freshwater fishing is dependent on wetlands.

Nonconsumptive recreational activities include hiking, nature observation and photography, swimming,
boating and ice-skating. Increasing numbers of Americans are enjoying river recreation. Across the
Nation, free-flowing and scenic stretches of rivers are used for white water rafting. The coastal area
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provides aesthetic and cultural resources as well as numerous recreational opportunities that
contribute to making these environments desirable places to live and visit.

Other cultural resources provided by floodplains include opportunities for scientific study and
educational activities as well as less tangible aesthetic benefits. Many people simply enjoy the beauty
and sounds of nature and spend their leisure time walking or boating in or near wetlands observing
plant and animal life. Most of the Nation’s earliest archaeological and historical sites are found in
floodplain areas that can also provide unique opportunities for natural scientific study and research
(Federal Emergency Management Agency, 1986).

COMMON THREATS TO RESOURCES

Each of the three categories of floodplain resources (water resources, living resources, and cultural
resources) are threatened in various ways. The three basic types of floodplain water resources values
are typically threatened by: 1) INCREASED RUNOFF associated with such activities as widespread
clearing of vegetation, wetlands destruction, sand dune removal, paving, roofing, and other develop-
ment actions; 2) BLOCKING OF RUNOFF AND INTERRUPTION OF GROUND-WATER MOVEMENT by
various development actions; and 3) INCREASED POLLUTION. Increased runoff may cause increases
in flood peaks, stream erosion and the sediment loading of receiving waters. Blocked runoff or
interrupted ground-water flow can raise flood profiles, increase pollution and interfere with ground-
water balances and the distribution of sediment. Fertilizers, chemical and petroleum spills, leached
materials from waste disposal areas and other pollutants can degrade the surface and ground-water
resources found in some floodplains. Lowering the ground-water elevation can significantly change
other floodplain characteristics by causing changes in vegetation and vegetation patterns. These
changes can be particularly dramatic in arid regions (Federal Emergency Management Agency, 1986).

Development and modification’ of the floodplain can affect living resources and habitat in many
different ways. Increased sedimentation, for example, can bury food sources and spawning areas and
pollution can poison living resources. Development activities can remove shelter and food sources
and result in barriers to fish and wildlife movement. Erosion of coastal wetlands and wetland filling
for development purposes can eliminate large areas of productive habitat.

The cultural resources of floodplains, like the water and living resources, can be significantly affected
by floodplain modifications, use and development practices. As a result, accelerated and blocked
runoff, interrupted ground-water flow and increased pollution can result. Poor agricultural and
forestry practices can be just as destructive of natural floodplain resources as poorly planned urban
development (Federal Emergency Management Agency, 1986).
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SUMMARY AND CONCLUSIONS

Historically, floods and floodplains were thought of in terms of the accommodation of human
settlement and the consequences of such settlement. Only in recent years have the natural and
cultural resources of floodplains been recognized as valuable in their own right. During the last
twenty years or so, the combined effects of research and legislation have heightened awareness of
these natural and cultural resources, including: 1) water resource functions such as natural flood and
erosion control, water quality maintenance, and maintenance of ground-water supply and balance;
2) living resource functions such as support for a wide variety of flora, and provision of fish and
wildlife habitat; and 3) cultural resource functions such as maintaining a harvest of natural products,
providing recreation opportunities, and providing scientific study and outdoor education areas.

Most of these natural and cultural resources are not associated exclusively with floodplains — the
floodplain resources are a specialized and important component of a larger set of resources and
values. While the values of these resources are now well recognized and most processes reasonably
well understood, only limited information is available that quantifies the value of these natural and
cultural floodplain resources. Even wetlands, which in many areas are nearly conterminous with flood-
plains and which have been'studied extensively, aré not well quantified. Estimates of the total amount
of wetlands in the United States and state by state estimates vary widely depending upon when the
estimate was made, what definition of wetlands was used, and the survey techniques that were
employed.

All of the natural and cultural resources and functions of floodplains are subject to many threats,
among the most significant of which are threats related to human use and development. Only a
limited type and amount of human uses are compatible with most floodplain resources and natural
functions.



CHAPTER 3:

FLOODPLAIN DEVELOPMENT AND
LOSSES

..[A]s population has increased, men have not only failed to devise means for suppressing
or for escaping this evil [the flood], but have, with singular short-sightedness, rushed into
its chosen paths.

W J McGee, “The Flood Plains of Rivers,” Forum, X1, 1891

From the times of the earliest European settlement of this country, locations adjacent to water bodies
have been popular, and often essential, for development. Many of these locations, of course, lie
within the natural floodplain of rivers, streams, lakes and coastal areas. Archeological evidence
indicates that native Americans also used floodplain locations. Typically, these early floodplain
settlements were often temporary, could be quickly evacuated, and did not suffer great losses when
the sites were flooded. In contrast, the permanent location of homes, businesses, infrastructure and
agricultural activities within floodplains in contemporary times annually results in billions of dollars
of damages when floodwaters reclaim these lands.

Throughout this Nation’s history, the prevailing view has been that man could (and should) modify
the natural environment to meet human needs. Individuals and governments have enthusiastically
engaged in the construction of dams and reservoirs, levees, floodwalls and stream channelization
projects in efforts to prevent or limit damages to development that was either knowingly or inadver-
tently placed within the floodplain. Thousands of water supply projects — particularly in the arid
west, but occurring throughout the Nation — have dramatically changed natural functions of riparian
areas. Millions of acres of inland and tidal wetlands have been filled or drained, causing loss of
natural flood storage areas, lowered capacity for filtration of pollutants and ground-water recharge,
and reduction or elimination of some wildlife species.

This large-scale development and modification of floodplains has resulted in a major increase in the
land area of the United States that may be economically developed and used, but at a high price
extracted annually in loss of life, personal suffering and inconvenience, economic losses, and loss of
natural and cultural resources.

Even though floods annually cause greater economic losses than any other type of natural disaster
(with the exception of drought losses during certain years or long-term periods), accurate figures on
the actual extent of annual flood losses remain unavailable. In addition, as described in Chapter 1,
the actual amount of United States land in floodplains has not been clearly determined, nor has the
amount of property and other economic investments at risk to flooding been firmly established.
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FLOODPLAIN DEVELOPMENT

Several studies have attempted to assess the extent of floodplain development in the United States.
When viewed collectively, the resulting estimates aid in understanding the magnitude of a significant
problem. There are, however, no definitive statistics pertaining to the amount of development at
risk to flooding in the United States.

EXTENT OF FLOODPLAIN DEVELOPMENT IN THE UNITED STATES

The best available estimates of floodplain land in the United States have ranged from approximately
seven percent of the entire land area of the United States to 14 percent of the nonfederal, rural land
(excluding Alaska).! The largest floodplain areas are in the southern part of the country, but the
most populous are in the North Atlantic and Great Lakes regions and California. A 1977 U.S. Water
Resources Council (WRC) assessment estimated that 3.5 to 5.5 million acres of floodplain land are
in urban use. The urban and built-up areas were judged to include more than 6,000 communities
with populations of 2,500 or more (U.S. Water Resources Council, 1977).

The central portions of many cities — both large and small — consist of floodplain lands. In a 1974
review of 26 cities ranging in size from 50,000 to 7 million, the U.S. Geological Survey (USGS) found
that, on the average, 53% of the floodplains in those cities was developed (U.S. Geological Survey,
1974). Other surveys conducted during the 1970s suggested that urban growth within floodplain areas
was between 1.5% and 2.5% per year, roughly twice the rate of population growth for the country
as a whole at that time (White, 1975).

Other recent studies have attempted to more accurately assess the extent of floodplain development.
The Federal Emergency Management Agency (FEMA) has identified flood hazards in 20,493 com-
munities throughout the United States, including Puerto Rico, U.S. Virgin Islands, Guam and the
Northern Marianas (Federal Emergency Management Agency, 1989), but not all of these communities
have significant development within the floodplain or have strong potential for growth in the near
future. A 1978 report (Sheaffer, 1978) estimated that 7.9 percent (or 4.5 million housing units) of
the 57.3 million occupied housing units in the United States were in special flood hazard areas. In
addition, 325,000 nonresidential units were estimated to be in flood hazard areas.

A refinement of a 1987 study conducted for FEMA (Donnelley, 1987) examined 17,466 floodprone
communities to estimate the property at risk. This study found that the floodplain areas in these
communities occupied a total of about 146,600 square miles (93.8 million acres) and, as shown in
Table 3-1, included approximately 9.6 million households at risk and $390 billion in property at risk.
Based on a composite risk score developed for the study, Florida ranked as the state with highest
risk, followed by California, Texas, Louisiana and New Jersey.

1 See Chapter 1 for a more detailed description of floodplain area in the United States.
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Table 3-1. FEMA Estimate of Property at Risk from Flooding.
STATE FLOODPLAIN FLOODPLAIN VALUE OF
AREA IN HOUSEHOLDS FLOODPLAIN
SQUARE MILES 1987 HOUSEHOLDS
1987
Alabama 5,237 236,766 7,576,674,844
Alaska 731 4,750 291,785,955
Arizona 2,618 98,052 3,267,311,956
Arkansas 9,206 228,252 5,981,276,727
California 6,831 681,438 45,706,298,363
Colorado 1,587 77,442 3,738,076,339
Connecticut 285 94,470 5,601,143,436
Delaware 199 31,949 1,291,132,454
Dist. Columbia 1 16,657 902,183,269
Florida 10,034 971,323 46,189,074,261
Georgia 3,548 207,293 7,225,068,115
Hawaii 59 7,572 672,651,254
Idaho 548 15,060 602,411,309
Illinois 4,559 337,642 15,911,660,586
Indiana 2,627 238,576 8,785,544,502
TIowa 2,288 114,569 4,384,581,121
Kansas 3,790 115,197 3,942,079,035
Kentucky 2,120 112,743 3,528,138,998
Louisiana 12,180 661,839 26,876,649,178
Maine 906 33,459 1,071,604,991
Maryland 676 113,343 5,383,860,885
Massachusetts 547 163,182 7,440,748,038
Michigan 657 145,384 6,673,390,073
Minnesota 2,778 98,493 4,860,810,206
Mississippi 8217 207,413 5,176,305,887
Missouri 5,143 216,453 7,991,205,800
Montana 1,072 13,392 443,321,171
Nebraska 3,079 238,846 9,316,174,544
Nevada 1,880 27,452 1,579,815,755
New Hampshire 239 19,712 829,920,022
New Jersey 958 452,579 20,961,050,445
New Mexico 1,868 74,518 3,314,009,278
New York 1,557 466,947 11,317,224,372
North Carolina 5,265 278,863 8,694,853,746
North Dakota 1,432 84,780 3,515,958,504
Ohio 1,907 277,989 11,058,489,912
Oklahoma 3,085 210,713 7,725,925,945
Oregon 1,459 56,360 2,777,077,198
Pennsylvania 1,021 210,987 7,397,603,384
Rhode Island 73 26,602 1,145,969,064
South Carolina 3,935 155,543 5,237,343,635
South Dakota : 2,057 53,506 1,858,269,278
Tennessee 2,336 167,644 5,640,679,477
Texas 16,837 1,069,378 36,331,534,634
Utah 809 28,027 1,509,421,589
Vermont 226 13,588 490,304,437
Virginia 1,979 147,015 6,707,630,446
‘Washington 1,668 93,653 3,624,944,099
West Virginia 420 31,136 1,089,375,126
Wisconsin 3,001 139,467 5,992,923,093
Wyoming 1,064 8,773 421,021,028
TOTAL 146,601 9,576,877 390,052,507,764

Note: Floodplain area comprises the one percent annual chance (*100-year”) floodplain.

Source:  Donnelley Marketing Information Service. System Update Report. 1987. (Refinement of 1987 study based on
remeasurement of Special Flood Hazard Areas in the top 2,000 communities having property at risk and a statistical
adjustment to the other floodprone properties.) FEMA, 1991.
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FLOODPLAIN DEVELOPMENT AND AWARENESS OF THE FLOOD HAZARD

Development of floodplains in any part of the country usually results in damages. Urbanization can
cause dramatic increases in runoff, both from reduction of impervious area in a watershed and from
decreased travel times for the accumulation of flood peaks. Land uses other than urbanization can
also lead to increased flood damages, particularly if the uses cause changes in the sediment load or
changes in the channels themselves. Upstream development, outside the floodplain can also increase
flood peaks.

Extreme events such as storms and floods are basically random occurrences, even though their long-
term average recurrence interval can be predicted. Random occurrence can sometimes result in
several years of severe flooding followed by a period with little or no flooding. Too often, it is during
these times of little or no flooding that much development at risk to floods occurs. Residents,
developers and officials may forget or even be unaware of past floods. An example of this type of
inappropriate development is provided by Davis County, Utah.

Davis County, which lies between the Great Salt Lake and the Wasatch Mountains north
of Salt Lake City, Utah, has experienced rapid growth during the past 20 or 30 years.
Throughout the county, substantial encroachment on stream banks and foothill develop-
ment has occurred. Over much of this period of growth, the climate was relatively dry,
allowing officials to forget the tremendous precipitation events and accompanying flood
devastation of earlier imes. The early 1980s, however, were a series of wet years.

“In 1983, a cool spring kept a greater than average snow pack from melting until 90 degree + temperatures
brought the runoff down all at once. The peaceful little brooks turned into raging torrents, washing
everyone’s yard accessories into the fences built across the channels, and forcing flood waters into nearby
homes and streets. Millions of dollars worth of damage was done in a short time by these innocent looking
little brooks. Residents were angry and wanted to know why they weren’t protected or at least warned.
Weather patterns persisted, but by the next year some major channel improvements and flood control struc-
tures had been completed and residents were prepared with sand bags and changed perceptions of their
friendly little backyard stream. Major channel systems and debris basins have alleviated the widespread
flooding, but residents still put themselves and their neighbors in jeopardy by insisting on stream encroach-
ment as part of their landscaping scheme.”

Despite these improvements, the county again suffered extensive damage in the summer of 1986, when
an intense thunderstorm caused almost every type of urban flooding. “Extensive investigation found that
much of the damage could have been averted through better awareness of residents and officials as to the
flood dangers of hillside development, improper lot grading, and changes in natural drainage paths. Many
residents were surprised and angered to find themselves in unperceived jeopardy after living in their homes,
trouble free, for several years” (Williams, 1987).

DEVELOPMENT IN COASTAL REGIONS

The coastlines of the United States have been attracting people in ever increasing numbers for several
decades. The value of property at risk to coastal storms has also increased tremendously in recent
decades. Initially, much of the development along the Atlantic and Gulf coasts and parts of the
Pacific coast was primarily for second homes and seasonal tourism. While these uses still predominate
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in many areas, seasonal cottages have increasingly been converted to year-round use and the
traditional summer tourist season has gradually expanded to encompass the entire year in many
locations. Two examples help to illustrate the phenomenon of coastal growth.

In Rhode Island the number of houses in the salt pond region on the state’s south coast
tripled from 1950 to 1980. During this same period, but particularly in recent years,
hundreds of summer cottages have been converted to year round use. The increase in
population and development has caused major concerns about the potential for losses
during a major hurricane and degradation of the coastal environment, including ground
water supplies due to inadequate sewage disposal (Olsen, 1985).

growth since the last major flooding in 1962. By 1983 Ocean City had a permanent
population of under 6,000, but on peak summer weekends, the population was estimat-
ed to exceed 250,000. The City has been extensively developed with individual homes,
businesses, motels, mobile homes and high-rise motel and condominiums in order to
accommodate this large number of visitors (IEP, 1984).

a
Pm Ocean City, Maryland — located entirely on a coastal barrier — has shown dramatic

Population in Coastal Areas

The 1980 United States census identified 611 counties and independent cities that are “entirely or
substantially within 50 miles of U.S. coastal shorelines.” Census units within 50 miles of the Atlantic
and Gulf coastlines increased in population from 34.1 million in 1940 to 63.3 million in 1980 — an
increase of 85% as compared with 70% for the Nation as a whole. Gulf Coast counties increased
by 200% (West, 1987). Tables 3-2 and 3-3 show regional population changes in coastal areas from
1960 to 1980. It has been estimated that by the year 1990, 75 percent of the United States population
will live within 50 miles of tidal waters and the Great Lakes (Olsen, 1985).

Development of adequate evacuation routes has not kept pace with development of coastal barriers
and other high risk coastal areas. Nearly 80% of the people now living in barrier communities have
never experienced a hurricane. Even if the population at risk responds to an evacuation order, not
all would be able to evacuate in time (Monday, 1983).

Coastal Barriers

Coastal barriers serve as important buffers against mainland flooding and erosion. Without the
protection of coastal barriers, large population centers on the mainland coasts would be exposed to
direct attack by hurricanes and other coastal storms. The barriers themselves are also extremely
vulnerable to flooding and erosion due to their seaward exposure and the inherent instability and
relatively low-lying topography of these landforms. Over 90% of the barriers along the United States
coastline have been judged to be subject to flooding from severe storms.
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Table 3-2. Regional Population Densities in Coastal Counties With Coastal Barriers, 1960-1980.
(population per square mile)

PERCENT PERCENT
REGION CHANGE CHANGE
(No. of Counties) 1960 1970 1960-70 1980 1970-80
New England (11) 490 540 10.2 571 5.7
North Central 736 940 27.7 1223 31.2
Atlantic (9)
South Central 108 144 333 178 23.6
Atlantic (11)
South Atlantic (11) 175 263 50.3 381 44.9
Gulf (16) 146 190 23.3 255 34.2

Source:  West, Niels. “Population Changes in Coastal Jurisdictions with Barrier Beaches: 1960-1980.” In Cities on the Beach:

Management Issues of Developed Coastal Barriers. University of Chicago Research Paper No. 224. University of
Chicago, 1987.

Table 3-3. Regional Population Changes in 156 Local Jurisdictions Containing Coastal Barriers,

1960-1980.
PERCENT PERCENT
CHANGE CHANGE
REGION 1960 1970 1960-70 1980 1970-80
New England 251,915 362,133 437 464,823 28.0
North Central 1,993,414 2,243,803 12.6 2,218,247 -1.1
Atlantic
South Central 35,506 206,320 484.3 330,761 60.3
Atlantic
South Atlantic 359,872 653,294 81.5 831,587 271
Gulf 1,043,177 1,292,571 23.9 1,631,137 26.2

Source:  West, Niels. “Population Changes in Coastal Jurisdictions with Barrier Beaches: 1960-1980.” In Cities on the Beach:

Management Issues of Developed Coastal Barriers. University of Chicago Research Paper No. 224. University of
Chicago, 1987.
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The natural erosion and migration rates of most coastal barriers are high. Lands now being consid-
ered for building sites may be highly eroded or have simply disappeared within several years as storm
waves breach and overwash barriers, inundating or eroding entire sections. Rising sea level is also
a factor in the long-term instability of coastal barriers. Without human interference, coastal barriers
can respond to slowly rising sea levels by continuously moving landward (migrating) or by being
submerged (drowning) as shown on Figure 3-1 (Leatherman, 1982).

In spite of the risks and the difficulties associated with maintaining stable development in an
environment subject to constant change, increased residential and other types of development have
occurred on coastal barriers in recent decades, and pressures for continued development are intense.
Many of the major resorts on the Atlantic coast — including Atlantic City, Ocean City, Virginia Beach
and Miami — are located on coastal barriers. Current development pressures on coastal barriers
are consistent with the overall intense pressures for growth and development throughout the entire
coastal area of the United States. Populations in the coastal states are growing at a rate of three
to four times the national average, and coastal barriers are urbanizing at a rate twice that of the
nation as a whole. While only 3% of the mainland is now considered “urban land,” 14% of the area
of coastal barriers is urbanized (Conservation Foundation, 1982).

Increased development on coastal barriers has resulted in large numbers of people and personal
property being at risk to severe storms. This added development also interferes with the natural
ability of the barriers to absorb storm energies, thereby reducing protection for mainland populations
and development.

With sea level rise a barrier must retreat up the gradually sloping coastal plain over geologic
time. Without migration, the barrier can be drowned.
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Source:  Leatherman, Stephen. Barrier Island Handbook. College Park, Maryland: University of Maryland, 1980.

Figure 3-1.  Migration of a Barrier Island in Response to Sea Level Rise.
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Along with increased development of coastal barriers have come increased efforts to establish
structural works and other measures intended to protect this development and the investments
involved. Traditional protection and stabilization measures such as groins, jetties, bulkheads and
seawalls, however, interfere with the natural sand transport processes that contribute to the dynamic
equilibrium of coastal barriers. In the longer term, these structural measures, together with other
development impacts, such as alteration of primary dunes, maintenance of navigation channels and
ground water extraction and contamination, may seriously degrade or destroy the natural values of
coastal barriers and may even destroy the barrier itself.

DEVELOPMENT IN ARID REGIONS

The arid and semi-arid southwest is another geographic region that has undergone rapid growth in
recent years, and that growth is projected to continue well into the next century (see Chapter 15).
Sparse but intense rainfall, combined with the presence of unstable channels and alluvial fans, create
particularly severe flood problems when these arid regions undergo rapid development. Man’s
activities have already profoundly affected floodplains and the nature of flooding throughout the
southwest. Many changes that began 450 years ago with the introduction of cattle are still affecting
the basic hydrologic cycle and geomorphology. Plant and animal associations that evolved over a
10,000 year period have been irreversibly altered, and the effects are still only vaguely understood
and generally unmanaged (Dobyns, 1981).

IMPACTS OF DEVELOPMENT ON FLOODPLAIN NATURAL RESOURCES

Of particular concern with regard to the impacts of development on the natural resources of
floodplains are actual and potential impacts on floodplain wetlands and riparian habitat.

IMPACTS ON WETLANDS

Not until the environmental movement of the late 1960s and 1970s did the natural resources of flood-
plains become widely recognized and appreciated. Prior to that time (and continuing to a great extent
today) swamps and other wetlands were viewed primarily as areas to be filled or drained and
converted to “productive” uses. Although information on original wetland acreage in the United
States is incomplete, it is estimated that approximately 54% of the 215 million wetland acres estimated
in existence at the time of European settlement of the country has since been lost (Tiner, 1984).

Wetland loss in the last 30 years has been particularly dramatic, despite gains in certain types of
wetlands (inland flats and ponds). Figure 3-2 shows estimates of net losses and gains in wetlands.

In the mid-1950s, there were an estimated 108.1 million acres of wetlands in the lower 48 states
(Frayer, et al. 1983). Just 20 years later, these wetlands were reduced to 99 million acres, despite
some gains in wetlands due to reservoir and pond construction, beaver activity, and irrigation and
marsh creation projects. Although 11 million acres of wetlands were lost, this was offset by gains
of 2 million acres of new wetlands, yielding a net loss of 9 million acres. This loss of 9 million
acres equates to an area about three times the size of Connecticut or twice the size of New Jersey
(Tiner, 1984).
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Figure 3-2.  Net Losses and Gains in Wetlands of the Conterminous U.S., Mid-1950s to Mid-1970s.

Annual losses of wetlands have been estimated at close to one-half million acres. “The average rate
of wetland loss from the mid-50s to mid-70s was 458,000 acres per year: 440,000 acres of palustrine
losses and 18,000 acres of estuarine wetland losses.? This annual loss equals an area about half the
size of Rhode Island” (Tiner, 1984). It has been estimated that if losses continued at those current
rates, less than 40 percent of the original wetlands of the United States would remain by the year
2000 (Conservation Foundation, 1982). Current estimates of wetland loss vary from 300,000 to
450,000 acres annually (Melanson, 1989). In recent years, however, the advent of laws and regulatory
programs to protect wetlands (such as the Section 404 Program under the Clean Water Act) and the
termination of programs that provided technical and financial support for wetland drainage, have
helped to reduce wetland losses.

Historically, the greatest portion of wetland loss has resulted from draining wetlands for conversion
to agricultural purposes. Other major losses have resulted from filling and/or draining for residen-
tial/commercial development, drainage for mosquito control, drainage and digging of canals for oil
development, lowering of water tables, and erosion. Table 3-4 lists the major causes of wetland loss
and degradation, and Figure 3-3 depicts the major causes of recent wetland losses. In some areas
of the country, notably in Louisiana, in the bottomland hardwood regions of the Mississippi Valley,
in coastal areas of the Atlantic coast, and in the prairie pothole region, losses have been very
significant (Tiner, 1984). Table 3-5 shows some regional examples of wetland losses, and Table 3-6
provides examples of recent rates of wetland losses.

2 See Chapter 2 for a description of palustrine, estuarine and other categories of wetlands.
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Table 3-4. Major Causes of Wetland Loss and Degradation.
I.  HUMAN THREATS
A. Direct

1. Drainage for crop production, timber production and mosquito control.

2. Dredging and stream channelization for navigation channels, flood protection, coastal bousing developments,
and reservoir maintenance.

3. Filling for dredged spoil and other solid waste disposal, roads and highways, and commercial, residential and
industrial development.

4. Construction of dikes, dams, levees, and seawalls for flood control, water supply, irrigation and storm
protection.

5. Discharges of materials (e.g., pesticides, herbicides, other pollutants, nutrient loading from domestic sewage
and agricultural runoff, and sediments from dredging and filling, agricultural and other land development)
into waters and wetlands. :

6. Mining of wetland soils for peat, coal, sand, gravel, phosphate, and other materials.

B. Indirect

1. Sediment diversion by dams, deep channels and other structures.

2. Hydrologic alterations by canals, spoil banks, roads, and other structures.

3. Subsidence due to extraction of groundwater, oil, gas, sulphur, and other minerals.

II. NATURAL THREATS

1. Subsidence (including natural rise of sea level)
2. Droughts
3. Hurricanes and other storms
4. EFErosion
5. Biotic effects, e.g., muskrat, nutria and goose “eat-outs.”
Source: Tiner, Jr., Ralph W. Wetlands of the United States: Current Status and Recent Trends. Newton Corner, Massachusetts:
U.S. Fish and Wildlife Service, Habitat Resources, 1984.
8% Urban Development 7 -
\ 5% Other Development
g
/ 3 64
30 =
NS o
4 o 54
7 ALY < o
WO - 2 Z
3 ) =) 2
. |l 2 &
2 34 J = =
o - = o
[ w w =)
- = = T
e 2T o = &
c T} Z "I’
o = w
g B
g 'T=& w T
3 H E
PALUSTRINE WETLAND TYPES
Source: Tiner, Jr., Ralph W. Wetlands of the United States: Current Status and Recent Trends. Newton Corner, Massachusetts:
U.S. Fish and Wildlife Service, Habitat Resources, 1984.

Figure 3-3.

Causes of Recent Wetland Losses.
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Table 3-5. Wetland Losses in Various States.

ORIGINAL TODAY’S % OF
WETLANDS WETLANDS WETLANDS
STATE OR REGION (ACRES) (ACRES) LOST SOURCE
Iowa’s Natural Marshes 2,333,000 26,470 99 Bishop (1981, pers. comm.)
California 5,000,000 450,000 91 U.S. Fish and Wildlife
Service (1977)
Nebraska’s Rainwater Basin 94,000 8,460 91 Farrar (1982)
Mississippi Alluvial Plain 24,000,000 5,200,000 78 MacDonald, et al.(1979)
Michigan 11,200,00 3,200,000 71 Michigan DNR (1982)
North Dakota 5,000,000 2,000,000 60 Elliott, U.S. FWS (pers.
commnt.)
Minnesota 18,400,000 8,700,000 53 University of MN (1981)
Louisiana’s Forested Wetlands 11,300,000 5,635,000 50 Turner and Craig (1980)
Connecticut’s Coastal Marshes ' 30,000 15,000 50 Niering (1982)
North Carolina’s Pocosins 2,500,000 1,503,000* 40 Richardson, et. al. (1981)
South Dakota 2,000,000 1,300,000 35 Elliott, U.S. FWS, (per.
comm.)
Wisconsin 10,000,000 6,750,000 32 Wisconsin DNR (1976)

*  Only 695,000 acres of pocosins remain undisturbed; the rest are partially drained, developed
or planned for development.

Source:  Tiner, Jr., Ralph W. Wetlands of the United States: Current Status and Recent Trends. Newton Corner, Massachusetts:
U.S. Fish and Wildlife Service, Habitat Resources, 1984.
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Table 3-6. Examples of Wetland Loss Rates.

LOSS RATE
STATE OR REGION (acresfyear) RATE SOURCE
Lower Mississippi Alluvial Plain 165,000 MacDonald, et al. (1979)
Louisiana’s Forested Wetlands 87,200 Turner and Craig (1980)
North Carolina’s Pocosins 43,500 Richardson, et al. (1981)
Prairie Pothole Region 33,000 Haddock and DeBates (1969)
Louisiana’s Coastal Marshes 25,000 Fruge (1982)
Great Lakes Basin 20,000 Great Lakes River Basin Comm.
(1981)
Wisconsin 20,000 Wisconsin DNR (1976)
Michigan '6,500 Weller (1981)
Kentucky 3,600 Kentucky Fish & Wildlife
Resources (1983)
New Jersey's Coastal Marshes 3,084 Ferrigno, et al. (1973)
*50 JACA Corporation (1982)
Palm Beach County, Florida 3,055 U.S. FWS (1982)
Maryland’s Coastal Wetlands 1,000 Redelfs (1983)
*20
New York’s Estuarine Marshes 740 O’Conner and Terry (1972)
Delaware’s Coastal Marshes *20 Hardisky and Kiemas (1983)

*  Loss rate after passage of state coastal wetland protection law.

Source:  Tiner, Jr.,, Ralph W. Wetlands of the United States: Current Status and Recent Trends. Newton Corner, Massachusetts:
U.S. Fish and Wildlife Service, Habitat Resources, 1984.

Wetland losses due to agricultural drainage appear to be substantially less today than in the earlier
part of this century. Studies by the Soil Conservation Service (SCS) indicate that there was a large
amount of drainage activity between 1900 and 1920, a relatively flat period in terms of activity
between 1920 and 1945, and then an increasing trend (although at a decreasing rate) from 1945 to
1980 (Heimlich, 1986). During the last half of the 1980s wetland drainage for agricultural purposes
is believed to have decreased significantly due to several factors. A major factor is the Swampbuster
section of the Food Security Act of 1985. Under this section, farmers who would drain additional
wetlands to produce commodities would stand to lose agricultural price subsidies on their entire farm
operation. Other factors contributing to the decrease of wetland drainage for agricultural purposes
include a reduction in the export of food commodities from the peak of former years, and a lowering
of the commodity prices received by farmers from the prices received during the 1970s and early
1980s (von Wolffraat, 1988; Soil Conservation Service, 1989).

IMPACTS ON RIPARIAN HABITAT

Riparian ecosystems are also being degraded and destroyed throughout the United States. The lower
48 states originally contained between 75 and 100 million acres of indigenous, woody riparian habitat.
Today, only 35 million acres remain in near natural condition. The rest have been inundated,
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channelized, dammed, rip-rapped, converted to agricultural use, overgrazed, or altered by a combina-
tion of factors that impede their ability to stabilize and maintain the biological diversity of their
watersheds (Hunt, 1985).

Channelization and other flood control projects can greatly reduce flood losses, but these measures
can also destroy riparian habitat by clearing vegetation, preventing bank overflow with levees,
eliminating sandbar habitat, islands and productive backwater areas, and accelerating bank erosion.
As a result of these types of projects by federal, state and local governments, a large amount of
riparian habitat has been lost in years past. For example, between 1940 and 1971 the Corps assisted
in navigation improvement and flood control projects that altered 11,000 miles of streams. The SCS
has installed 10,700 miles of channel modifications and an additional 10,500 miles of modifications
have been authorized (von Wolffradt, 1988). Due to environmental considerations, only a fraction
of the authorized channel work will be built (U.S. Department of Agriculture, 1989).

Dam construction can alter riparian habitat in many ways. The habitat can be drowned by reservoirs,
desiccated by downstream de-watering, or rendered nonregenerative by natural flood cycle interrup-
tions. A 1982 Corps of Engineers survey (U.S. Army Corps of Engineers, 1982) found that the
Nation’s rivers support 68,153 nonfederal dams. These privately owned dams have altered or
destroyed tens or hundreds of thousands of miles of riparian habitat. Construction of impoundments
by the federal government has transformed major river systems — such as the Columbia, Colorado
and Missouri — into a series of artificial lakes and severely decreased the diversity of habitats
available to wildlife. More recently, Congress' has authorized 934 additional major federal water
projects and needs only to appropriate funds before actual construction can begin. Proposed riverine
alterations greatly outnumber the stream segments currently protected under federal or state statutes.

Today, however, channelization and other flood control projects are generally carried out with much
greater sensitivity to natural resources. For example, all channel work installed by the SCS must have
an environmental impact statement and be consistent with the Stream Channel Guidelines mutually
agreed upon by the SCS and the Fish and Wildlife Service (FWS). Channel location is selected to
avoid wetlands or channels are constructed to have minimal adverse impacts on both wetlands and
riparian habitat. Improved construction techniques include such practices as construction from one
side only, use of winding channel work to follow natural channel locations, avoiding clearing of mature
trees that are significant sources of cover and food for wildlife, and widespread use of wildlife-
supporting natural wildlife plantings to ensure that channel work will fit into natural stream systems
and be shaded (von Wolffradt, 1988).

Overgrazing has done great damage to watersheds and riparian zones, and inadequate livestock
management has been responsible for the lack of riparian habitat regeneration on federal range lands
in the west. The negative impacts of overgrazing include soil compaction, denudation of watershed
areas, removal of riparian vegetation, and the mechanical breakdown of streambanks as caused by
livestock. These impacts generally lead to increased soil erosion (and increased sediment loads and
turbidity in streams), increased nutrient load in streams, bank erosion and lowering of water tables.
Management practices suggested to alleviate these problems center on timing the grazing to avoid
times of the year when the most damage is done (Bryandt, 1985).
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Lowering of the water table in arid and semi-arid regions causes a drastic and often permanent
degradation of natural floodplain resources. In many areas, a high water table is the only source of
water for riparian vegetation. Permanent pools and springs may be the only local sources of water
for native animals. The pumping of ground water, construction of agricultural drains, and channeliza-
tion, both intentional and incidental to these activities, may lower the water table and change entire
ecosystems.

Introduction of nonnative plant species can also contribute to degradation of riparian habitat and
wetlands. Invasion of riparian areas by salt cedar, imported to North America during the 19th
century, for example, has reduced the value of riparian areas for many native bird species. Salt cedar
has become the predominant riparian tree species in the Lower Colorado, the Lower Rio Grande
and the Pecos Rivers, covering some 500 square miles in those basins alone (Hunter, 1985). Purple
loosestrife is another nonnative species that can dominate wetlands. This species is particularly
harmful to wetlands because it spreads rapidly and has low food value for wildlife. It is spreading
from the northeast westward. Many other invader species also pose problems (Meagher, 1988). On
the other hand, some nonnative species can have beneficial impacts. A 45,000 acre irrigated pecan
grove on the Santa Cruz River in southern Arizona, for example, has created a pseudo-riparian

environment that is used by many native species of birds, mammals and other animals (Kingsley,
1985).

Riparian habitat has been lost in every region of the country. Southwestern riparian woodlands have
declined drastically since the late 19th century, and losses have been extensive in the midwest.
Northeastern states originally lost riparian habitat to agriculture, livestock grazing, and urbanization.
Much riparian habitat in the northeast has returned due to abandonment of farmland and subsequent
reforestation, but increasing demands for housing, recreation and hydropower constitute continuing
threats to riparian habitat. Southeastern riparian communities are gradually losing ground to intensive
forest practices, housing developments and agricultural conversions. In the Northwest, hydropower
development and associated activities — such as road construction or relocation, wetlands drainage,
stream channelization, and shoreline riprapping — have also adversely impacted the region’s riparian
communities (Hunt, 1985).

In 1848, California’s Sacramento River supported about 775,000 acres of oak, sycamore,
ash, willow, walnut, alder, poplar, and wild grape on its banks. At the turn of the
century, vast tracts had been cleared for agricultural development and by 1977 the Sacra-
mento’s banks had a mere 12,000 acres of native riparian vedetation. On the Colorado
River’s lower reaches in California and Arizona, vast tracts of riparian woodlands were
cut in the late 1800s to fuel steamboats {Johnson, 1978).

Loss of riparian ecosystems has been documented throughout the Nation:

o A 1981 study by the New England River Basins Commission (NERBC) estimated that only 5%
of the region’s total river mileage remains free-flowing, with 30-40 new hydropower dams
proposed for those reaches (New England River Basins Commission, 1981).

e The Missouri River was extensively developed in response to the dust bowl in the mid-1930s and
a series of floods in the 1940s. River channelization to stabilize the river, increase its navi-
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gability, and produce hydropower has eliminated all the oxbow lakes that were valuable for
overflow storage and ground-water recharge, as well as backwater and sand bar wildlife habitat.
The result has been a loss of 309,000 acres of terrestrial habitat and 100,300 acres of aquatic
habitat. In 1980, approximately 640 acres of riparian habitat existed for each mile of river, but
by 1985, the ratio had dropped to 140 acres per mile, with most of the remaining acreage
converted to farmland (Hunt, 1985).

e The taming of the Columbia River began in the period just after the Civil War with nonfederal
dredging operations. The Corps of Engineers completed Cascades Lock in 1896. Activities
continued in 1933 with Congressional approval of the Bonneville and Grand Coulee Dams, and
by 1973, 28 dams had been built on the Columbia and its tributaries. The reservoirs behind the
dams inundated many additional miles of riparian habitat and water release fluctuations created
barren zones on the river’s banks (Bureau of Reclamation, 1991).

HISTORICAL LOSSES FROM FLOODS

Flooding and flood related events such as hurricanes annually cause greater damages and result in
more Presidentially declared disasters than all other forms of natural hazards combined. From 1965
through 1989, there were 657 Presidential disaster declarations, of which 508 (77 percent) were flood
related (Federal Emergency Management Agency, 1985, 1989).

Any discussion of flood losses is hindered by the lack of uniform and systematic application of
definitions of “flood” and “flood loss” applied to the collection of data from natural disasters. For
example, deaths due to a helicopter crash during an evacuation operation may or may not be
attributed as “flood-related.” There may be thousands of incidents each year where a few houses
are damaged by local flooding or storm drainage problems, but there is no uniform accounting for
these damages. Even the accounting for Presidential disaster declarations does not usually differenti-
ate between flood-caused damages and damages caused by wind, for example.

ESTIMATES OF PROPERTY DAMAGES AND DEATHS FROM FLOODING

Although reasonably good information is available for the great floods that have caused serious loss
of life or major damages to property, equivalent information is frequently not available for the
multitude of smaller flood events, and there is no complete record of past flood damages in the
United States. Due to differences in reporting flood losses (e.g., with reference to floods vs. storms,
with regard to major flood disasters vs. smaller flood events) and in adjusting dollar amounts to reflect
changes in monetary values, as well as other problems in coordinating data sources (e.g., federal vs.
nonfederal outlays), interpretation of flood loss data is difficult and estimates are not necessarily
comparable (Rubin, 1986). The two most comprehensive sources of annual flood loss data are those
prepared by the National Weather Service (NWS) and the American National Red Cross.
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Since 1902, the NWS has annually compiled estimates of damages caused by floods (excluding losses
to agriculture) and of the number of lives lost due to floods. Estimates are initially prepared by local
NWS offices using information obtained from a variety of sources, including government officials and
news media.® Data from local offices is compiled by NWS offices in Silver Spring, Maryland and
may be supplemented by additional information, such as that supplied by other federal agencies.
Until 1975, damage estimates were prepared for each state and national totals were also compiled.
Beginning in 1976, only the national totals were released by the NWS (Stallings, 1988).

In order to provide the data to Congress by January of each year, the NWS damage estimates are
produced immediately after the close of the federal fiscal year at the end of September and are never .
revised to reflect later damage figures that may be more accurate and/or complete. In the worst case,
damage estimates for a flood that occurs in August or September are very rough and probably still
incomplete by the October 1 deadline. Even though better figures may become available months
later, they are never reflected in the NWS reports or in any other published form. Despite many
deficiencies and other known problems with regard to the NWS data on flood-related deaths and
damages, these data provide the most complete and consistent information over the longest period
of record. Detailed analysis of these data could be misleading, but gross trends should be reasonably
evident.

Table 3-7 provides NWS estimates of loss of lives and loss of life per 200 million population in the
U.S. from 1916 to 1989. (The U.S. Census estimate of the Nation’s 1985 population was 238.7 million.
It should be pointed out that there are inconsistencies between the annual deaths reported in Table
3-7 and the deaths that have been attributed by other sources to specific flood events as reported
in Appendix A of the Assessment Report.) Table 3-8 provides NWS estimates for property damages
for the same period, both in current dollars and dollars adjusted to 1985 values.* The flood damage
data in Table 3-8 are also shown per 200 million population. Data for flood-related deaths and
damages are displayed graphically on Figures 3-4 and 3-5.

Examination of the data in Table 3-7 and Figure 3-4 does not indicate a trend in the annual number
of flood-related deaths once the number is adjusted in accordance with population changes. The
adjusted average annual deaths (per 200 million population) for the entire 74-year period shown in
Table 3-7 is 124.7. In the 25-year period from 1916 through 1940, there was an adjusted average of
153.7 deaths per year; in the period 1941 through 1965 the average was 86.1; and in the period 1966
through 1985 the average was 144.8. Given the impact of one or two catastrophic events such as a
dam failure or a major hurricane on flood-related deaths, there is no indication that flood-related
deaths are increasing or decreasing on a per capita basis.

Although a standardized form is used, no firm procedure or stringent requirements for completeness has
been established by the NWS. Hence, data submitted by local offices may vary widely in quality.

¢ In an effort to provide consistent figures, all dollar figures in this chapter have been converted to 1985
values wherever possible. The Consumer Price Index was used for this conversion. In many sources, the
basis of the dollar values was not given, and no effort was made to convert these figures. Readers are
advised to obtain data from the original sources for purposes of additional analysis.
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Table 3-7. National Weather Service Estimates of Flood-Related Deaths in the United States,
1916-1989.
FLOOD-RELATED DEATHS IN THE UNITED STATES
DEATHS PER DEATHS PER
YEAR DEATHS 200 MIL. POP YEAR DEATHS 200 MIL. POP
1916 118 235 1953 40 50
1917 80 159 1954 55 67
1918 0 ] 1955 302 366
1919 2 4
1920 42 79 1956 42 50
1957 82 96
1921 143 269 1958 47 54
1922 215 404 1959 25 28
1923 42 79 1960 32 36
1924 27 51
1925 36 62 1961 52 59
1962 19 20
1926 16 28 1963 39 4
1927 423 731 1964 100 105
1928 15 26 1965 119 122
1929 89 154
1930 14 23 1966 31 32
1967 34 34
1931 0 0 1968 31 31
1932 11 18 1969 297 295
1933 33 54 1970 135 132
1934 8 143
1935 236 n 1971 74 72
1972 554 529
1936 142 223 1973 148 140
1937 142 223 1974 121 113
1938 180 283 1975 107 99
1939 83 130
1940 60 91 1976 193 177
1977 210 191
1941 47 70 1978 143 129
1942 68 101 1979 121 108
1943 107 158 1980 82 72
1944 33 49
1945 91 136 1981 84 73
1982 155 133
1946 28 40 1983 204 174
1947 55 76 1984 126 107
1948 82 112 1985 304 255
1949 48 64
1950 93 122 1986 206 172
1987 130 109
1951 51 66 1988 37 31
1952 54 65 1989 32 27
NOTE: Annual population figures not available for 1915-1939. Population figure used to calculate “Deaths/200
Mil. Pop..” was the figure for the end of a five-year period. For example, the 1920 population figure was
used for the years 1916-1920. The 1985 population figure was used for the years 1986 to 1989. “Resident
Population” was used for all years.
Sources: Deaths — Schilling, Kyle, and others. The Nation’s Public Works: Report on Water Resources. National Council on

Public Works Improvement, Categories of Public Works Series, 1987. (Based on NWS data; updated to 1989.)

Population — Bureau of the Census.
of Commerce, 1989.

Statistical Abstract of the United States 1989. Washington, D.C.: U.S. Department
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Table 3-8. National Weather Service Estimates of Flood-Related Damages in the United
States, 1916-1989.

FLOOD-RELATED DAMAGES IN THE UNITED STATES
(in millions of dollars)

DAMAGES DAMAGES
PER 200 PER 200
DAMAGES  MIL. POP. DAMAGES  MIL. POP.
YEAR DAMAGES (1985 8) (1985 8) YEAR DAMAGES (1985 §) (1985 8)
1916 26 256 481 1953 122 49 618
1917 27 227 427 1954 107 428 529
1918 8 57 107 1955 995 3,997 4,842
1919 3 19 36
1920 25 134 252 1956 65 257 306
1957 360 1,376 1,607
1921 29 174 301 1958 218 811 931
1922 52 334 577 1959 141 520 587
1923 53 334 577 1960 93 338 376
1924 17 107 185
1925 10 61 105 1961 154 554 605
1962 75 267 287
1926 23 140 228 1963 118 414 439
1927 348 2,156 3,506 1964 652 2,261 2,366
1928 45 283 460 1965 788 2,687 2,777
1929 68 427 694
1930 16 103 167 1966 117 388 397
1967 375 1,209 1,224
1931 3 21 33 1968 339 1,049 1,052
1932 10 79 124 1969 901 2,645 2,627
1933 37 307 482 1970 157 435 426
1934 10 80 126
1935 127 996 1,565 1971 287 762 737
1972 4,465 11,484 10,974
1936 283 2,197 3.316 1973 1,894 4,586 4,339
1937 441 3,304 4,987 1974 566 1,235 1,158
1938 101 ! 1,164 1975 1,248 2,495 2,316
1939 14 108 163
1940 40 307 463 1976 1,240 2,344 2,154
1977 1,482 2,631 2,394
1941 40 292 437 1978 3,150 5195 4,678
1942 99 654 972 1979 5279 7,825 6,968
1943 200 1,244 1,842 1980 1,774 2,316 2,038
1944 101 617 922
1945 166 992 1,487 1981 906 1.072 934
1982 1,377 1,535 1323
1946 71 kY| 556 1983 2,388 2.580 2.202
1947 272 1,310 1818 1984 1.543 1.598 1,351
1948 230 1,028 1,401 1985 3,536 3,536 2,963
1949 94 424 568
1950 176 787 1.036 1986 6,007
1987 2,084
1951 1.029 4,261 5534 1988 500
1952 254 5534 1.316 1989 1,100

NOTE: Annual population figures not available for 1915-1939. Population figure used to calculate “Deaths/200
Mil. Pop.” was the figure for the end of a five-year period. For example, the 1920 population figure was
used for the years 1916-1920. The 1985 population figure was used for the years 1986 to 1989. “Resident
Population” was used for all years.

Sources:  Damages — National Weather Service, Silver Spring, Maryland, updated to 1989.

Population — Bureau of the Census. Statistical Abstract of the United States 1989. Washington, D.C.: U.S. Department
of Commerce, 1989.

CPI — Bureau of the Census. Historical Statistics of the United States: Colonial Times to 1970, Part 1 (1916-1966).
Washington, D.C.: U.S. Department of Commerce, 1976; Council of Economic Advisors, various aates; .S. General
Services Administration. Economic Indicators. Washington, D.C.: Superintendent of Documents, U.S. Government
Printing Office, (1967-1988).
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4500
] Damages
4000
I Damages (1985 §) Damages/200 mil pop (1985 §)
3500
[
Py
©
:(5 3000
(o]
6 2500 N
N
8 \
g 2000 N
@ N
0 3
3 1500 N
£
1000 S N
N N N N
N RN N N 3
N N N R N
§00 N N 3
S 3 N KN N
N N N R ' N
0 R R 1] § il R S 5
1920 1830 1840 1950 1960 1970 1980
1925 1935 1945 1958 1965 1975 1985
Last Year of 5-Year Period
NOTE: Date shown is the last year of the five-year period.
Sources: Damages — National Weather Service, Silver Spring, Maryland.
Population — Bureau of the Census. Statistical Abstract of the United States 1989, Washington, D.C.: U.S. Department
of Commerce, 1989.

Figure 3-5.

NWS Estimate of Annual Flood Damages in the United States, 1916-1985.
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On the other hand, there has definitely been an increase in flood damages over the 70 year period.
The average annual damages in the period from 1916 to 1960 are 268 percent greater in constant
1985 dollars than the period from 1951 to 1985 — an increase from $592 million to $2.18 billion.
With the adjustment for population, the average annual damages for the same periods are $902
million and $2.15 billion, an increase of 139 percent. In other words, per capita flood damages were
almost 2.5 times as great from 1951 through 1985 as they were from 1916 through 1950, after
adjusting for inflation. There were 22 years in the second half of the period with more than one
billion dollars damage, compared with ten during the first half.

Research based upon NWS survey reports (which cover events that claim 3 or more lives or cause
more than $100 million in property damages) gives an annual death rate of 91.5 for the thirteen years
from 1969 through 1981. During that period, the highest average number of deaths per event was
associated with dam failures. Ninety-three per cent of the deaths were due to drowning, and 42 per
cent of the drownings were car-related (French, 1983). It should be noted that neither of these
references include smaller flood events, which may account for many flash flood deaths.

The American National Red Cross also provides data on lives lost and dwellings damaged or
destroyed due to disasters. Tables 3-9 to 3-11 show estimates, based on data collected by the Red
Cross, from 1965 to 1985 for hurricanes, storms and floods (Rubin, 1986).5 A comparison of the lives
lost in the estimates developed by the NWS and the Red Cross show marked differences in many
instances. Differences are due in part to procedures for collecting data, including differences in the
fiood events for which data are collected. In either case, it is not clear which figures are solely flood-
related and which include wind and other hazards. There are also inconsistencies between the annual
deaths reported in the Red Cross data and the deaths that have been attributed by other sources
to specific flood events as reported in Appendix A of the Assessment Report.

Table 3-12 shows the number of deaths attributed to floods and storms® annually from 1965 through
1985 based on Red Cross data. According to Table 3-12, the average annual deaths due to floods
and storms from 1965-66 through 1984-85 (based on fiscal year of July 1 - June 30) is 119.4 (Rubin,
1986). The NWS data from Table 3-7 indicate an annual average of 157.7 flood-related deaths for
the period 1966-1985 (based on fiscal year of October 1 - September 30). This difference of 32
percent is an indication of the problems in flood loss data.

Another measure of flood losses is the number of major (Presidential) disaster declarations and the
amount of federal disaster assistance provided to individuals and communities for these disaster
events. Table 3-13 shows a total of $6.767 billion in disaster assistance from 1965 through 1989, with
$5.206 billion, or 77 percent, for flood related (including hurricane-related) damages (Federal
Emergency Management Agency, 1985, 1990). Table 3-13 lists only disaster assistance payments
authorized through the President’s Disaster Relief Fund. It is not an estimate of total dam ages, nor
does it include several other forms of financial protection and aid provided by other federal agencies,
state and local governments, and private organizations.

5 The differentiation between hurricanes, floods and storms is made by the American National Red Cross,
which is the source of the data used by Claire Rubin (George Washington University) to produce the tables.

¢ Notall deaths attributed to floods and storms are due to drowning. Floods may cause behavior that directly
results in death by heart attack, electrocution, and various sorts of traumatic injuries.
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Table 3-9. Hurricanes: Deaths, Injuries, and Damage to Dwellings, 1965-1985. (Based on Ameri-
can National Red Cross Data.)

FISCAL NO. OF PERSONS PERSONS DWELLINGS DWELLINGS DWELLINGS DESTROYED
YEAR EVENTS KILLED INJURED DESTROYED DAMAGED & DAMAGED
1965-66 5 72 25,202 2,059 148,607 150,66
1966-67 NA 0 13 6 316 322
1967-68 NA 19 11,396 388 29,405 29,793
1968-69 NA 2 45 1 705 706
1969-70 NA 272 9,062 6,046 48,734 54,780
1970-71 5 9 4,498 1,887 34,442 36,329
1971-72 4 2 235 36 24,258 24,294
1972-73 0 0 0 0 0 0
1973-74 0 0 0 0 0 0
1974-75 2 3 8 45 2,514 2,559
1975-76 3 32 4,409 4,642 31,670 36,312
1976-77 1 2 23 15 498 513
1977-78 3 0 8 6 142 148
1978-79 1 0 0 1 3 4
1979-80 6 20 6,765 6,897 65,033 71,930
1980-81 2 NA NA NA NA 14,865
1981-82 1 0 0 NA NA 3
1982-83 2 2 961 NA NA 7,454
1983-84 4 16 3,094 NA NA 18,663
1984-85 0 0 0 0 0 0
TOTAL 39 451 65,711 22,029 386,327 449,341

Note that these data are presented by fiscal year (July 1 - June 30).

Source: Rubin, Claire B., and others. Summary of Major Natural Disaster Incidents in the U1.S. - 1965-85. Natural
Hazards Research and Applications Information Center Special Publication 17. Boulder, Colorado: The
University of Colorado at Boulder, 1986.

Table 3-10.  Storms: Deaths, Injuries, and Damage to Dwellings, 1965-1985. (Based on American
National Red Cross Data.)

FISCAL NO. OF PERSONS PERSONS DWELLINGS DWELLINGS DWELLINGS DESTROYED
YEAR EVENTS  KILLED INJURED DESTROYED DAMAGED & DAMAGED
1965-66 20 42 54 8 1,226 1,234
1966-67 NA 8 43 23 1,723 1,746
1967-68 NA 12 78 298 1,214 1,512
1968-69 NA 51 242 276 11,331 11,607
1969-70 NA 3 22 21 3,950 397N
1970-71 27 2 71 117 1,207 1,324
1971-72 31 14 1,165 424 9,287 9,711
1972-73 19 1 72 104 4,687 4,79
1973-74 26 8 106 113 1,589 1,702
1974-75 37 7 336 238 7,600 7,838
1975-76 39 44 387 610 28,080 28,690
1976-77 24 54 187 106 2,662 2,768
1977-78 78 164 5,096 476 17,105 17,581
1978-79 80 6 127 144 1,892 2,036
1979-80 56 22 2,995 668 16,285 16,953
1980-81 60 NA NA NA NA 21,885
1981-82 97 24 2,805 NA NA 10,746
1982-83 55 19 421 NA NA 6,725
1983-84 71 19 188 NA NA 5,774
1984-85 11 2 25 NA NA 438
TOTAL 731 502 14,420 3,626 109,838 159,032

Note that these data are presented by fiscal year (July 1 - June 30).

Source: Rubin, Claire B., and others. Summary of Major Natural Disaster Incidents in the U.S. - 1965-85. Natural
Hazards Research and Applications Information Center Special Publication 17. Boulder, Colorado: The
University of Colorado at Boulder, 1986.
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Table 3-11.  Floods: Deaths, Injuries, and Damage to Dwellings, 1965-1985. (Based on American
National Red Cross Data.)

FISCAL NO.OF  PERSONS PERSONS DWELLINGS DWELLINGS DWELLINGS DESTROYED
YEAR EVENTS  KILLED  INJURED DESTROYED DAMAGED & DAMAGED
1965-66 67 22 102 91 9,131 9,222
1966-67 NA 16 161 108 22,353 22,461
1967-68 NA 38 824 84 14,224 14,308
1968-69 NA 24 284 71 17,674 17,745
1969-70 NA 5t 783 83 33,769 33,852
1970-71 49 22 58 105 6,993 7,098
1971-72 77 519 16,587 7,346 133,805 141,151
1972-73 78 105 1,559 3,229 81,467 84,696
1973-74 83 7 366 1417 31,309 32726
1974-75 90 48 500 803 25,008 25811
1975-76 70 55 2,071 1,377 26,179 27,556
1976-77 58 165 1,469 3,581 35,942 39,523
1977-78 106 196 3,712 1,489 48,508 49,997
1978-79 148 143 3,842 2,659 56,646 59,305
1979-80 122 79 1,121 887 37,439 38,326
1980-81 115 NA NA NA NA 19,578
1981-82 133 70 2,561 NA NA 46,256
1982-83 149 69 1,988 NA NA 48,874
1983-84 121 65 1,478 NA NA 41,578
1984-85 48 9 29 NA NA 2,308
TOTAL 1,514 1,767 39,495 23,330 580,447 762,371

Note that these data are presented by fiscal year (July 1 - June 30).

Source: Rubin, Claire B., and others. Summary of Major Natura] Disaster Incidents in the U.S. - 1965-85. Natural

Hazards Research and Applications Information Center Special Publication 17. Boulder, Colorado: The
University of Colorado at Boulder, 1986.

Table 3-12.  Deaths Due to Floods and Storms, 1965-1985. (Based on American National Red
Cross Data.)

NO. OF NO. OF NO. OF 5-YEAR
FISCAL DEATHS DEATHS DEATHS MOVING
YEAR (FLOOD)  (STORM) (TOTAL)  AVERAGE
1965-66 22 42 64 *64
1966-67 16 8 24 *44
1967-68 38 12 50 *46
1968-69 24 51 75 *53
1969-70 51 3 54 53
1970-71 22 2 24 45
1971-72 519 14 533 147
1972-73 105 1 106 158
1973-74 7 8 79 159
1974-75 48 7 55 159 Note that these data are for Presidentiaily
1975-76 55 44 99 174 declared disasters only.
1976-77 165 54 219 92
1977-78 196 164 360 162 * Average of four or fewer years
1978-79 143 6 149 176 through current year.
1979-80 79 22 101 186 b Totals for 19 years.
1980-81 NA NA NA *07 ***  Averages for 19 years.
1981-82 70 24 94 *176
1982-83 69 19 88 *108
1983-84 65 19 83 92
1984-85 9 2 11 *39
TOTAL 1,767 **502 **2,269

AVERAGE ***93.0 **%26.4 ***119.4

Source:  Rubin, Claire B., and others. Summary of Major Natural Disaster Incidents in the U.S. - 1965-85. Natural
Hazards Research and Applications Information Center Special Publication 17. Boulder, Colorado: The
University of Colorado at Boulder, 1986.
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Table 3-13.  Disaster Assistance Payments for Presidential Disaster Declarations, 1965-1989.

ALL DISASTERS
PRESIDENTIALLY DECLARED DISASTERS DUE TO FLOODS AND HURRICANES

DATE NUMBER COST NUMBER COST

1965 25 88,378,200 17 83,162,400
1966 11 10,765,300 9 6,204,449
1967 11 29,826,100 8 26,558,600
1968 19 14,158,000 13 4,618,891
1969 29 211,839,000 28 211,746,000
1970 17 87,342,400 15 71,561,200
1971 17 236,130,000 11 33,379,300
1972 48 579,304,000 37 81,997,600
1973 46 149,042,000 41 143,547,000
1974 46 135,658,000 33 80,655,700
1975 38 176,912,000 28 161,773,000
1976 29 185,148,000 23 128,675,000
1977 22 - 397,429,000 16 267,826,000
1978 25 249,048,000 21 244,516,000
1979 42 1,062,430,000 34 490,468,000
1980 23 258,028,000 14 206,235,000
1981 15 40,668,500 11 240,047,000
1982 24 129,986,000 20 117,287,000
1983 21 273,054,000 19 267,759,000
1984 34 164,679,457 26 127,924,700
1985 27 435,336,089 21 406,419,123
1986 28 176,637,486 24 172,803,240
1987 23 154,035,433 17 140,265,115
1988 11 27,712,811 5 24,458,312
1989 26 1,493,890,000 17 1,465,650,000
TOTAL 657 6,767,440,000 508 5,205,540,000

Sources:  Federal Emergency Management Agency. “DMIS Reports for Major Disasters and Emergencies, 1953-1984.” FEMA,
1985; Federal Emergency Management Agency. “DMIS Report 24: President’s Fund: Actual and Projected Obligations;
Major Disasters; Period of Declarations: 83/10/01 - 90/07/31.” July 1990.

Among the other forms of financial protection and aid administered by federal agencies are: flood
insurance administered by the Federal Insurance Administration to partly indemnify public and private
flood losses; aid provided by the Federal Highway Administration (FHWA) to state and local govern-
ments (and other federal agencies) to repair or replace roads and bridges that are part of the
Federal-Aid Highway Program; loans to individuals and businesses from the Small Business Adminis-
tration (SBA); and aid to farmers from the U.S. Department of Agriculture (USDA). During the
10-year period from 1978-1987, a total of $2.658 billion in flood insurance claims were paid out by
the NFIP (Flood Insurance Producers National Committee, 1988). Information on financial aid
provided by other agencies is not readily available in a form that separates flood-related damages
from other types of natural and technological disasters. In most years, however, flood damages
constitute the bulk of other federal financial aid for disasters. The FHWA provided a total of $442.3
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million in emergency relief during the four fiscal years 1986-1989 (Federal Highway Administration,
1990). In fiscal year 1989, the SBA issued $78.76 million in Economic Injury Disaster Loans and
$67.96 million in Physical Disaster Loans (U.S. General Services Administration, 1990).7

LOSSES IN COASTAL AREAS

Flood-caused losses in coastal areas can be attributed to hurricanes and coastal storms, shoreline
erosion, and tsunamis.

Hurricanes and Coastal Storms

Although wind is the element most commonly associated with hurricanes by the public, damages from
hurricanes are caused by inundation, storm surge, waves and erosion, as well as high winds. Despite
the public perception of winds as the major danger from hurricanes, most hurricane-related deaths
have been caused by storm surge.?

Average annual property losses due to hurricanes rose from $250 million during the decade between
1951 and 1960 to over $400 million in the decade between 1961 and 1970. There has been at least
one landfalling hurricane in the United States each year since 1982. Hurricane Alicia in 1983 caused
over $750 million in damages to commerecial, residential and public facilities in the Galveston, Texas
area. In 1985, six hurricanes tore through 10 states along the Gulf and Atlantic coasts, leaving 30
dead and more than $4 billion in damages to homes, businesses and public facilities. Hurricanes
Danny, Elena, Gloria, Juan, and Kate resulted in an estimated $1 billion in federal assistance on the
Atlantic and Gulf coasts in 1985. Only two hurricanes, Bonnie and Charley, made landfall in 1986,
causing eight deaths and an estimated $16.4 million in damage. Only one hurricane affected the U.S.
in each of the years 1987 and 1988. In 1989, hurricanes Chantal, Hugo and Jerry made landfall
(Jarvinen, 1990). Hurricane Hugo, which crossed inland over Charleston, South Carolina, earned
the distinction of being the most costly hurricane in the Nation’s history, with total damage estimates
as high as $10 billion (Duryee, 1990).

From 1981 to 1985, about 23% (16 of 67) of all Presidentially declared disasters involved coastal
flooding and about 49% ($265 of $539 million) of federal disaster aid obligations were attributable
to coastal damage. Of the total 2 million eligible properties and $150 billion of coverage provided
during that time through the National Flood Insurance Program, about 70% of the properties were
in coastal communities (cities, towns and counties having a portion of their areas on the coast). As
noted earlier, there is no means of separating flood damages from other hurricane damages. There
is also no direct means of separating coastal damages from inland (riverine) damages that result from
hurricanes.

7 Refer to Chapter 13 for further information on flood insurance claims and payments and the various types
of disaster assistance.

See Figure 1-8 for a description of the types of damages associated with winds of increasing intensity during
a hurricane.
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Shoreline Erosion

A national assessment of shore erosion was conducted by the Corps of Engineers in 1971, resulting
in an 11-volume report, The National Shoreline Study (U.S. Army Corps of Engineers, 1971). The
Corps found that of the total 84,240 miles of the Nation’s shoreline, 20,500 miles or about 24 percent
were significantly eroding. Table 3-14 details erosion estimates for the Great Lakes, Alaska and other
ocean shoreline. The 2,700 miles of critically eroding shoreline were prioritized according to the need
for addressing erosion problems:

o FIRST PRIORITY: 200 miles where, if erosion continued, public safety would be endangered within
5 years.

e SECOND PRIORITY: 1,000 miles where property or scarce wildlife habitat or important natural
landmarks would be endangered within 5 years.

e THIRD PRIORITY: the remaining 1,500 miles.

Table 3-14.  Status of Coastal Erosion in the United States, 1971.

TOTAL
TOTAL CRITICAL NON MILES PERCENT
SHORE EROSION CRITICAL SIGNIF. ERODING
MILES MILES MILES EROSION SIGNIFICANTLY
Great Lakes 3,680 220 1,040 1,260 34%
Oceanic, Except Alaska 33,260 2,380 11,760 14,140 3%
Alaska Only 47,300 100 5,000 5,100 11%
TOTAL 84,240 2,700 17,800 20,500 24%

Source:  U.S. Army Corps of Engineers. Report on the National Shoreline Study. 1971 (p.18).

Estimates on ownership of the critically eroding shoreline indicated that 1,810 miles (67 percent) were
in private ownership, 340 miles (13 percent) were in federal ownership, and 480 miles (20 percent)
were nonfederal, publicly owned shoreline.

No more recent comprehensive study of shoreline erosion has been performed. The Corps considers
the results of the 1971 study to still be a good estimate of the extent of the shoreline erosion problem
(Schilling, 1987).

Erosion along the shores of the Great Lakes increases during periods of abnormally high lake levels,
such as most recently occurred during the mid-1980s. During high water periods, erosion accelerates
and may continue for several years after lake levels recede as the bluff slopes reach equilibrium with
the new conditions (Horvath, 1989).
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Tsunamis

In recent times, three tsunamis have caused major destruction in areas of the United States. The
Great Aleutian tsunami of April 1, 1946 killed 173 persons in Hawaii,? where heights as great as 55
feet were recorded. The first waves arrived about five hours after the quake occurred in the Aleutian
Trench, about 2,240 miles north of Hawaii, indicating a speed of about 490 miles per hour for the
waves. Most affected areas in Hawaii experienced a series of waves ranging from 20 to 50 feet in
height, although in some areas damage resulted primarily from the initial violent draw-down of water
to the sea. This tsunami was particularly important because it spurred development of a tsunami
warning service.

A May 22, 1960 earthquake off the coast of Chile generated a tsunami which killed 61 people in
Hawaii,' mostly in Hilo (in addition to 330 in Chile and 199 in Japan). A tsunami warning was
issued at Honolulu 12 hours before the first waves arrived, but many people ignored the warning,
grew tired of waiting on high ground, or stayed behind to see the predicted wave.

The most recent major tsunami to affect the United States — generated by the “Good Friday”
earthquake of March 27, 1964 — killed 107 people in Alaska, 4 in Oregon, and 11 in Crescent City,
California, and caused over 100 million dollars in damage on the west coast of North America.l!
Adequate warnings were not provided for this tsunami because the earthquake was centered in Prince
William Sound, only a short distance from where the tsunami hit in Alaska, and communications
systems were disrupted. This tsunami resulted in the establishment of regional tsunami warning
systems for Alaska and for the Hawaiian Islands (Houston, 1980; Forrester, 1987).

LOSSES DUE TO FAILURES OF FLOOD CONTROL STRUCTURES

Some of the most significant losses due to the failure of flood control structures can be attributed
to the failures of levees and dams.

Losses Due to Levee Failure

Levees are the most common type of flood control works, with an estimated 25,000 miles of levees
constructed nationwide. Many private or locally built levees provide only limited flood protection
or are poorly designed and maintained (including some private levees with no design standards at
all). Although many of the Nation’s levees protect agricultural rather than urban development, levee
overtopping or failure reportedly is involved in approximately one-third of all flood disasters (Federal
Emergency Management Agency, 1987).

?  These deaths are not reflected in Table 3-7 because Hawaii was not a state at that time.
1 These deaths are not reflected in the data presented in Table 3-7 for unknown reasons.

1 These figures cannot be reconciled with the data presented in Table 3-7.
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Losses Due to Dam Failures

Although significant advances in design and construction techniques have been made, larger dams
are being built and the impoundment of water is never without risk. The possibility of dam failure
due to structural failure, earthquakes or sabotage, for example, remains, despite increased attention
to safer design, construction and maintenance.

Damage from dam failure is severe because of the unexpectedness and high velocity of flood water.
Breaching often occurs within hours after the first visible signs of dam failure, leaving little time for

warning and evacuation.

Failure of a dam may subject more people and property to flooding than would occur due to flooding
without the dam failure. For example, the flood at Rapid City, South Dakota in 1972 that killed 242
people also caused a dam failure that added to the loss of life. The sudden surge of water resulting
from a dam failure is likely to inundate a larger area than delineated by the one percent annual
chance (“100-year”) floodplain. This sudden surge of water may also be powerful enough to destroy
other downstream dams, as occurred during floods on the Falls River in Essex, Connecticut in June
1982 (L.R. Johnston Associates, 1983). Table 3-15 lists loss of life and property damage from several
notable dam failures from 1963 to 1990 (Colorado Division of Disaster Emergency Services, 1987,
updated by Wayne Graham, Bureau of Reclamation, 1991).

Dam failure may occur for many reasons, both structural and nonstructural. Many sources of dam
failure can be traced to decisions made during design and construction and to inadequate maintenance
or operational mismanagement. Failures may also result from other natural hazards such as
earthquakes and flow volumes exceeding design capacity (Colorado Division of Disaster Emergency
Services, 1987). Figures 3-6 and 3-7 show causes of failure (based on studies by the International
Commission on Large Dams (ICOLD)) of dams more than 15 feet high when failure resulted in
downstream water releases.

LOSSES DUE TO FLASH FLOODS

A report prepared for FEMA in 1985 (Federal Emergency Management Agency, 1987) estimated
that damages caused by flash floods had doubled in the previous ten years. It found that over three-
quarters of all Presidentially declared disasters involve flash flooding and that flash floods were the
greatest cause of weather-related deaths in the United States until the 1980s. Examples of recent
flash floods, accounting for 645 deaths from 1972 to 1977, are shown in Table 3-16.
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Table 3-15.  Loss of Life and Property Damage From Notable U.S. Dam Failures, 1963-1990.

NAME & LOCATION DATE OF NUMBER OF

OF DAM FAILURE LIVES LOST DIRECT DAMAGES

Mohegan Park, CT March 1963 6 $3 million

Little Deer Creek, UT June 1963 1 Summer cabins damaged

Baldwin Hills, CA December 1963 5 41 houses destroyed, 986 houses damaged,
100 apartment buildings damaged

Swift, MT June 1964 19 Unknown

Lower Two Medicine, MT June 1964 9 Unknown

Lee Lake, MA March 1968 2 6 houses destroyed, 20 houses damaged, 1
manufacturing plant damaged or
destroyed

Buffalo Creek, WV February 1972 125 546 houses destroyed, 538 houses damaged

Lake “O” Hills, AK April 1972 1 Unknown

Canyon Lakes, SD June 1972 33 Unable to assess damage because dam
failure accompanied damage caused by
natural flooding

Bear Wallow, NC February 1976 4 1 house destroyed

Teton, ID June 1976 1 771 houses destroyed, 3,002 houses dam-
aged, 246 businesses damaged or
destroyed

Laurel Run, PA July 1977 40 6 houses destroyed, 19 houses damaged

Sandy Run and 5 others, PA  July 1977 5 Unknown

Kelly Barnes, GA November 1977 39 9 houses, 18 house trailers and 2 college
buildings destroyed; 6 houses, 5 college
buildings damaged.

Swimming Pool, NY 1979 4 Unknown.

About 20 dams in CT June 1982 0 Unknown.

Lawn Lake, CO July 1982 3 18 bridges destroyed, 117 businesses and
108 houses damaged, campgrounds,
fisheries, power plant damaged.

DMAD, UT June 1983 1 Unknown.

Source:  Colorado Division of Disaster Emergency Services. Dam Safety: An Owner’s Guidance Manual FEMA 145, Washington,
D.C.: Federal Emergency Management Agency, 1987. Updated by Wayne Graham, Bureau of Reclamation, 1991.
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Figure 3-6.

Age of Dams at Time of Failure.
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Causes of Dam Failure.
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Table 3-16.  Examples of Flash Floods Causing Serious Loss of Life.

FEBRUARY 1972, BUFFALO CREEK, WEST VIRGINIA: 125 killed and hundreds of homes washed away
as a dam made of coal mine waste material gave way after heavy rains.

JUNE 1972, RAPID CITY, SOUTH DAKOTA AND ADJACENT AREAS: 236 dead and $100 million in
property damage after a large, slow-moving thunderstorm unleashed torrents of rain on the slopes of
the Black Hills. Flood resulted in the failure of Canyon Lake Dam.

Jury, 1976, BIG THOMPSON CANYON, COLORADO: 139 killed and millions in property damage after
a thunderstorm deluged the western third of the canyon with 12 inches of rain in less than 6 hours.

JULY, 1977, JOHNSTOWN, PENNSYLVANIA: 77 dead and more than $200 million in property damage
when violent thunderstorms caused up to 11 inches of rain to fall in a 7-county area over 9 hours. This
contributed to the failure of several dams which compounded the stream flooding and accounted for
45 of the deaths. :

SEPTEMBER, 1977, KaNsAS CITY, MISSOURI AND ADJACENT AREAS: 25 killed and $90 million in
property damage when thunderstorms turned several streams into raging torrents, such as the “gentle”
Brush Creek, which flows through the heart of Kansas City.

Source:  Federal Emergency Management Agency. Reducing Losses in High Risk Flood Hazard Areas: A Guidebook for Local
Ofiicials FEMA 116. Washington, D.C.: FEMA, 1987.

LOSSES DUE TO STREAMBANK EROSION

A nationwide study of streambank erosion (U.S. Army Corps of Engineers, 1981)*2 estimated $295
million (1985 dollars) in average annual damages due to streambank erosion. This study included
direct and indirect loss of income, increased costs and reduction of environmental quality as damages.
The Corps estimated that there are 7 million miles of streambank (3.5 million stream miles). Of this
7 million miles of streambank, 574,500 miles have erosion problems, but only 142,100 miles have
serious erosion problems. About 78 percent of all streambank erosion takes place west of the main
stem of the Mississippi River. Table 3-17 displays erosion estimates by regions.

LOSSES DUE TO GROUND FAILURE

Losses from landslides in the United States are estimated at $1 to $2 billion and 25 to 50 deaths each
year (National Research Council, 1985). Application of a U.S. Geological Survey method for
estimating the cost of landslide damage indicates that not only are reported costs much lower than
those actually incurred, but that losses are on the increase in most regions. In the 1964 Alaska
earthquake in Prince William Sound, 60% of the $500 million in damages was due to ground failure
(Federal Emergency Management Agency, 1987).

2 The Corps’ study found that average annual damages totalled about $295 million (1985 dollars) for the
142,000 miles of river banks with the most severe erosion problems, while the costs to prevent that erosion
was about $1.3 billion (1985 dollars). It concludes that stream reaches for which erosion control measures
are likely to be economically justified “...will be widely scattered and located in substantially populated and
developed areas... or near bridges or other structures” (U.S. Army Corps of Engineers, 1981).
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Table 3-17. National Assessment of Streambank Erosion.

SEVERE AVERAGE ANNUAL DAMAGES

EROSION EROSION (1,000)
REGION STREAM-MILES BANK-MILES BANK-MILES (1981 3) (1985 5)
Alaska 568,000 58,000 <50 1,000 1,200
Arkansas-White-Red 218,000 56,500 22,800 79,000 93,500
California 133,000 50,600 8,100 47,500 56,200
Pacific-Northwest 345,400 33,600 21,200 19,900 23,600
Colorado 295,900 24,600 3,900 4,100 4,800
Great Basin 152,700 5,000 300 400 500
Great Lakes 66,100 9,100 4,500 2,300 2,700
Hawaii 2,600 0 0 0 0
Lower Mississippi 88,400 15,500 12,700 32,900 38,900
Middle Atlantic 95,700 28,500 8,000 9,200 10,900
Missouri Basin 538,200 52,800 11,800 14,200 16,800
New England 48,200 1,900 400 1,500 1,800
Ohio 147,200 27,300 6,800 4,800 5,700
Rio Grande 101,800 54,800 7,100 8,900 10,500
Souris-Red-Rainy 67,200 1,200 100 1,000 1,200
South Atlantic Gulf 213,300 37,900 22,300 10,000 11,800
Tennessee 32,800 4,100 1,700 800 900
Texas Guif 149,500 98,300 4,300 6,600 7,800
Upper Mississippi 198,200 14,800 6,100 4,900 5,800
U.S. TOTAL 3,462,500 574,500 142,100 $248,800 $294,600

Note: The conversion from 1981 $ to 1985 § was based on the Consumer Price Index.

Source:  U.S. Army Corps of Engineers. Final Report to Congress - The Streambank Control Evaluation and Demonstration Act
of 1974 - Section 32, Public Law 93-251, Main Report. Washington, D.C.: U.S. Army Corps of Engineers, 1981.

LOSSES FROM FLUCTUATING LAKE LEVELS

Recent damage estimates indicate that flooding from rising lake levels causes significant economic
impacts in the United States. Between 1983 and January 1985, for example, damages resulting from
flooding around Lake Malheur, Oregon, had reached $13.5 million. Around the Great Salt Lake in
Utah, damages have exceeded $200 million since 1983. Total national losses resulting from fluctua-
tions in lake levels exceeded $250 million between 1981 and 1986 (Federal Emergency Management
Agency, 1986).

The extent of these losses is due in large part to the attractiveness of lake shore environments for
residential, recreational and other uses. In recent years increased development has occurred on lake
shorelines near population centers and major transportation routes because of the aesthetic and
recreational values of lakeshores. In Minnesota, for example, between 1967 and 1982 lakeshore
homes increased 75%, year round lakeshore use increased 100%, and seasonal lakeshore use
increased 63%. In most states lake shore development, principally for year-round or seasonal
residential use, has occurred without adequate recognition of the flood hazard and without awareness
that water levels can and do vary greatly over time.
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LOSSES IN URBANIZING AREAS

Rapidly urbanizing areas are frequently affected by flooding. Much of the flooding problem in these
areas is due to inadequate stormwater drainage rather than classical overbank flooding of streams,
although that also can be a problem. As a result, much of this development is not subject to
floodplain management regulations. In the Chicago metropolitan area, for example, development
of 375 square miles of relatively flat land with a high water table has led to estimated average annual
damages of $200 million from sewer backup alone (Dalton, 1987).

FEMA has estimated that from 1978 to 1987, over 31 percent of the total of paid flood insurance
claims (106,136 paid losses) was for flooding in areas outside the delineated one percent annual
chance floodplain.’® In addition, 18 percent of the repetitive claims during this period occurred in
those areas (Federal Emergency Management Agency, 1988).

LOSSES DUE TO VOLCANIC-INDUCED FLOODING

On May 18, 1980, the catastrophic eruption of Mount St. Helens in Cowlitz County, Washington
added a new cause of flood losses in the U.S. Floods and mudflows generated by the eruption caused
damages in areas not directly affected by the initial explosion. Three billion cubic yards of debris
moved 17 miles down the North Fork Toutle River. The river was swollen by billions of gallons of
melting snow and glacial ice and carried the debris as mudflows down the Toutle River into the
Cowlitz River and the Columbia River.

Along the way, it destroyed homes, washed out roads and bridges, severely damaged public water
Jfacilities, buried agricultural lands and clogged the navigation channel. Sediment filled the
Cowlitz River, reducing the channel’s bankfull capacity by 85%. Mudflow deposits filled low-lying
areas that previously functioned as overbank flow and floodwater storage sites. Along the
mudflow’s 70-mile path, an estimated 150 to 200 million cubic yards of volcanic and landslide
material were deposited in the river channels (Deatherage, 1987).

Costs specifically related to flooding are difficult to determine. Initial damages and cleanup costs
(through mid-1987) totalled $1.2 billion. In excess of $875 million is needed to “restore the land,
clean up the rivers and provide flood protection to Cowlitz Valley communities” (Cowlitz County
Department of Community Development, 1987).

LOSSES TO INFRASTRUCTURE

A recent review (Burby, Undated) of data and previous research relating to losses of infrastructure
from natural hazards indicates that damage to infrastructure accounts for about one-sixth to one-
quarter of total annual public and private losses. The following studies are cited in this review.

B These losses are for areas designated on flood hazard maps as zones B, C, D and X. See Chapter 13 for
further description of flood insurance policy and claims data.
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A review (Dacy and Kunreuther) of eight disasters occurring in the 1950s and 1960s found damage
to public facilities at about 25 percent (median) of total damages, with a range from 7 percent to
70 percent. In the Minnesota River Basin between 1965 and 1970, losses to public facilities ranged
from 10 to 15 percent of total damages. A report for the Federal Insurance Administration (FIA)
(Sheaffer, 1976) calculated annual flood damages to infrastructure (highways, bridges, culverts, water
supply and sewerage systems) at 19 percent of total flood damages. In urban areas up to 25 percent
of total damages were to infrastructure. A later study of 23 communities by the same group estimated
average annual losses to infrastructure from flooding at $520 per acre. Another more recent study
estimated that natural hazards cause over $1 billion (1970 dollars; $2.8 billion 1985 dollars)) in losses
to public facilities each year. Infrastructure losses were distributed among: public utilities ($403.5
million ($1.12 billion 1985 dollars)); highways, streets and bridges ($351.3 million ($973.4 million 1985
dollars)); and water supply and sewerage systems (136.2 million ($377.4 million 1985 dollars)).

These reports and estimates of losses to infrastructure seem reasonable considering that site
development costs (roads, utilities, landscaping, etc.) typically average about 15 percent of total
development costs, and that approximately 25 percent of the structural wealth of the Nation consists
of public utilities, highways and streets, and water supply and sewerage systems (Burby, Undated).

LOSSES TO AGRICULTURE

According to the 1982 National Resources Inventory (NRI) conducted by the SCS, cropland, pasture,
range land, and forest land comprise over 90 percent of the total rural, nonfederal floodplain land
in the United States. The 1975 Second National Water Assessment (U.S. Water Resources Council,
1977) estimated that 50 percent of annual flood damages affect the agricultural sector.

On irrigated cropland, flooding can damage expensive irrigation facilities such as ditches, pipelines
and sprinklers. Sediment deposited by flood waters can cause two types of damage on cropland.
One is the long-term loss in yield associated with the deposition of relatively infertile material on good
agricultural land. The value of this loss has not been estimated. The other type of loss is damage
to the current crop that occurs when sediment buries growing crops or covers plants with a thin film
of sediment that interferes with growth of the crops. The amount of this damage ranges from $5
to $40 per acre of flooded cropland, averaging about $20 per acre. Data from SCS watershed
protection projects and river basin studies indicates that about 9.1 million acres of floodprone
cropland are damaged by sediment each year. Nationwide, the loss of production caused by sediment
deposition ranges from $150 to $500 million annually (U.S. Department of Agriculture, 1989).
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RELATIVE FLOOD LOSSES OVER TIME

It is useful to examine flood losses in the context of changes over time, to look at how flood losses
compare to losses from other types of natural disasters, and to look at what these losses mean in
terms of the overall growth and development of the Nation.

LOSS OF LIFE FROM FLOODS

As noted earlier in this chapter, data from the NWS (Table 3-7 and Figure 3-4) indicate no clear
trend in the average annual number of deaths due to flooding. Others have noted that there appears
to be no clear relationship between property damage and the number of deaths. Flood-related deaths
appeared to be at a slow increase or stationary, between 2.5 and 5.8 per 10 million population, with
the exception of three five-year periods (White, 1976). Cassidy (1962) noted that the number of flood
events causing a large loss of life has decreased: “Between 1900 and 1940, when the Federal flood
control program first began to be effective, floods causing the loss of 100 lives or more occurred on
the average of about once every three years, but since 1940 the frequency of such floods has averaged
only about once in ten years.”

The Council on Environmental Quality (CEQ) (1981) reviewed loss of life and property damage from
four types of natural disasters — floods, hurricanes, tornadoes, and earthquakes — from 1900 through
1977 (Council on Environmental Quality, 1981). The CEQ noted that deaths from natural disasters
declined over the last 50 years of this period (see Figure 3-8). Major trends observed by CEQ were:
1) the wide fluctuations in the number of hurricane-caused deaths that characterized the first half
of the century had been narrowed; 2) large losses of life from tornadoes — consistently the major
cause of death from natural disasters through much of the century — had dropped from 30 per 10
million population in the 1920s to fewer than 10 per 10 million in the 1960s and 1970s; and 3) loss
of life from floods had not declined.

PROPERTY DAMAGES FROM FLOODS
Cassidy (1962) also analyzed property damage caused by very large floods.

... whereas [great] floods causing property damage of $50,000,000 or more (1959 dollars) occurred
with a frequency of about once every six years during the period between 1900 and 1940, floods
causing this amount of damage have occurred on an average of once in less than two years since
1940. As this increasing frequency of floods causing major property damage is not caused by an
increase in the magnitude of flood flows, it must be explained on the basis of the other component
of the flood problem — that is, an increasing encroachment on the flood plains.

The CEQ (1981) found that property damage from the four types of natural disasters which it
examined had increased over the 50 year period from 1927 to 1977. Floods were noted as the major
cause of property and crop losses. The NWS data presented in Table 3-8 and Figure 3-5 indicate
an increase in flood damages (in constant 1985 dollars) over a 70 year period.
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Figure 3-8. Loss of Life from Selected Natural Disasters, 1900-1977.

FLOODS LOSSES AND THE NATIONAL ECONOMY

Much of the data on flood losses has been reported as if development and economic factors were
static. Consequently, much of the literature contains statements on ever-increasing flood losses
despite the vast sums of money that have been invested in structural flood control measures and, more
recently, in nonstructural measures as well. Reports of flood losses should be examined within the
context of the Nation’s economic conditions, with attention given to population, the amount of housing
stock and other development, and inflation conditions. Population, for example, has nearly doubled
since 1930, resulting in increased use of previously undeveloped land. Also, as the economy has
grown over the years, the value of land, including land subject to flooding, has grown. In addition,
“the general increase in prices has, by itself, caused damages measured in current dollar terms to
rise significantly. There has been a six-fold increase in prices since 1930, and between 1967 and 1986
prices tripled” (Woolley, 1986).

While there appears to have been little compilation of information pertaining to flood losses and the
national economy, that which is available indicates that property losses from floods have remained
relatively constant when viewed in the context of the overall national economy. The CEQ (1981)
noted that for the late 1970s, the average annual loss from the four types of natural disasters it
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examined (Figure 3-9) was estimated at $3.2 billion, about 0.2 percent of the Gross National Product
(GNP) at that time. (The GNP may be the best measure of the Nation’s total wealth.) Losses had
not grown in terms of the overall productive capacity of society, measured by the average annual
dollar loss as a percentage of GNP.

Average annual property loss as a percent of GNP
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Source:  Council on Environmental Quality. Environmental Trends. Washington, D.C.: U.S. Government Printing Office, 1981.

Figure 3-9.  Property Damages from Selected Natural Disasters, 1900-1977.

A more recent study (Woolley, 1986) also examined flood losses as a percentage of the GNP. By
comparing annual flood losses as a percentage of annual GNP from 1929 to 1983, large fluctuations
from year to year are clearly evident, but there appears to be no significant trend of a decrease or
increase in relative flood losses. To illustrate how deceptive simple dollar figures can be, Woolley
noted that approximately $440 million of damages due to flooding in the Ohio and Lower Mississippi
River basins in 1937 amounted to .0049% of GNP for 1937. In contrast, damages in 1983 amounted
to over $4 billion, but represented only .0012% of GNP. Overall, relative flood damage appears to
have remained, on the average, basically constant during this period.
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ESTIMATES OF FUTURE FLOOD LOSSES

Projections of future flood losses have been made from time to time by various individuals and groups.
Most of these projections appear to be simply linear extrapolations based on recent loss estimates.
By far the most systematic and ambitious effort at projecting flood losses was made in 1976 under
the auspices of the U.S. Water Resources Council. As part of the 1975 National Water Assessment,
a Flooding Technical Committee prepared a report of Estimated Flood Damages (U.S. Water
Resources Council, 1977). This report developed estimates of average annual flood damages for the

years 1985 and 2000.

Damage estimates were made for both upstream and downstream areas for each of the standard
water resource regions recognized by the WRC. Upstream refers to drainage areas of less than 400
square miles, while downstream refers to drainage areas generally exceeding 400 square miles.
Damage estimates were developed for three categories within both upstream and downstream areas:
1) urban and built-up; 2) agricultural; and 3) other (including rural utilities, roads and railways,
homesteads, forest and grasslands, refuges, and parks). The Flooding Technical Committee projected
damages based on four alternative levels of floodplain management: 1) floodplain management to
remain constant (as it was in 1975); 2) floodplain regulation adoption rate to continue; 3) regulate
floodplain to the maximum practical extent; and 4) present trend in regulatory measures will
accelerate and structural measures will be installed at a slower rate. The fourth alternative was
selected as the one most likely to occur, and was referred to as the “Modified Central Case.” Table
3-18 shows the projections for each alternative, and Figure 3-10 displays projected upstream and
downstream damages for the selected alternative by water resource regions.

Table 3-18.  WRC Projections of Future Flood Losses.

PROJECTED LOSSES (Million 1985 8)

FUTURE ALTERNATIVES URBAN & AGRICUL- DOWN-
(POLICY AND/OR CASES) BUILT-UP TURE OTHER TOTAL VUPSTREAM STREAM
1985
Floodplain management to

remain constant 3,161 3,526 1,792 8,479 3,970 4,509
Current trends in increased

regulations to continue 2,804 3,526 1,676 8,095 3,822 4,273
Maximum practical regulation 2,743 3,526 1,676 7,944 3,732 4,212
Maodified Central Case 2,772 3,384 1,608 7,763 3,671 4,093
2000
Floodplain management to

remain constant 4,544 4,080 2,649 11,273 5,562 5,711
Current trends in increased

regulation to continue 3,880 4,086 2,375 10,342 5,063 5279
Maximum practical regulation 3,010 4,086 2,330 9,426 4,405 5,021
Modified Central Case 3,352 3,677 2,111 9,140 4,557 4,583

Source: U.S. Water Resource Council Estimated Flood Damages. Appendix B: Nationwide Analysis Report. U.S. Water

Resources Council, 1977.
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PROJECTED 2000 AVERAGE ANNUAL FLOOD DAMAGES BY WRC REGIONS
(MILLION 1967 §)

149/121

89/108

121/77

Source: U.S. Water Resource Council Estimated Flood Damages. Appendix B: Nationwide Analysis Report. U.S. Water
Resources Council, 1977.

Figure 3-10.  Projections of Future Flood Losses.

SUMMARY AND CONCLUSIONS

Floodplain losses are of two types: 1) loss of natural and cultural resources, and 2) loss of life and
loss of property. Both types of losses continue to occur even with increased awareness of floodplain
values and of the risks of floodplain occupancy. Actual and relative amounts of these losses, however,
are not well quantified. Loss of wetlands and riparian habitat are difficult to measure for many
reasons, including differing definitions and survey techniques. Available data seems to indicate that
increased awareness and regulatory programs have slowed the rate of loss from the very high levels
that prevailed during much of the Nation’s history. Nevertheless, current loss rates appear to remain
at unacceptable levels that, if continued, would greatly reduce the limited remaining areas of these
valuable resources.

Loss of life and property continue at high levels, with floods accounting for the greatest losses of any
type of natural disaster in the United States. Two trends appear clear: 1) on a per capita basis, loss
of life appears to have been relatively constant throughout this century; and 2) the dollar value of
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property losses (and other economic losses) continues to escalate. Much less clear is the significance
of the dollar loss relative to other factors. Although the per capita costs of flood damages have
increased significantly, relative to the Gross National Product of the country, economic losses from
floods appear to have held quite constant over the past 50 years. Consistent, reliable data on
historical flood deaths and damages have not been collected and are still not being collected.
Detailed analyses of trends will continue to be hampered until such data are collected.



PART II:

THE NATION’S PROGRAM FOR
FLOODPLAIN MANAGEMENT

The two chapters that comprise Part II of the Assessment Report describe the gradual
evolution of early initiatives for flood control into a national program for reducing flood
losses and managing the natural and cultural resources of floodplains. Chapter 4 provides
an historical overview, describing how management efforts have shifted from the early
emphasis on controlling floods with structural measures during most of this century, to the
current approach that involves a mix of both structural and nonstructural measures as well
as efforts to protect and restore floodplain natural functions. Chapter 5 provides a detailed
description of House Document 465, A Unified National Program for Managing Flood Losses,
which in 1966 set out the initial concept of a unified national program for reducing flood
losses. This concept was refined and expanded over the next 20 years and described in three
different versions of A Unified National Program for Floodplain Management. This Unified
National Program established a basic goal of wise use of the floodplain, set forth several
concepts of floodplain management, and identified implementing strategies and tools.

Floodplain management today is the result of a coalescence of policies for flood control,
disaster assistance, and protection of the natural environment, and these policies have helped
create a strong floodplain management constituency. The current Unified National Program
for Floodplain Management provides a conceptual framework for a multi-objective approach
to use of the Nation’s floodplains and recognition of the respective roles of each level of
government and the private sector in the decision-making process.



CHAPTER 4:

HISTORY OF FLOODPLAIN
MANAGEMENT

... [I]t is the sense of Congress that flood control on navigable waters or their tributaries is a
proper activity of the Federal Government in cooperation with States, their political subdivisions,
and localities thereof ...

Flood Control Act of 1936

The history of floodplain management reflects an evolution in federal government policy regarding
flood control in general as well as an evolution in the roles of federal, state and local governments
in controlling flood losses. The history also reflects a response to much broader trends and attitudes
in the United States — with regard to urban growth and development and its consequences, for
example, fluctuating levels of government spending, expanding technology, and recognition of the
complexity and interrelationship of issues related to land and water uses.

Prior to 1965, governmental actions related to flooding were primarily in response to significant or
catastrophic events and sought to control flooding through structural measures. During the mid-1960s,
a broadening of federal policy — towards the use of nonstructural means to address flood losses —
began to be articulated and formalized. The last 25 years have witnessed a major expansion in the
field of floodplain management, including the methods and technologies available for analyzing
flooding, attention to floodplain natural resources, as well as shifts in the roles played by federal, state
and local governments.

This chapter presents a brief history of floodplain management in the United States since 1900.

1900-1960: THE STRUCTURAL ERA

The “structural era” of floodplain management began with little direct federal involvement in flood
control. Direct federal involvement was soon established and by the 1950s there was increasing
recognition of the need for a broader management approach that would go beyond the structural
measures to “control” floods.
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EARLY INVOLVEMENT THROUGH NAVIGATION AND CONSERVATION PROGRAMS

During the 1800s and early 1900s, flood control efforts were undertaken by levee districts, conservancy
districts, other local and quasi-public groups and individual landowners. Federal involvement in flood
control was sporadic and concerned mainly with the impacts of flooding on navigation, or indirectly
concerned with forestry or agricultural programs.! For example, beginning in 1824 the Corps of
Engineers (Corps) was involved with selected river and harbor improvements. Also, the Act of 1897
relating to forest reserves and the Weeks Act of 1911, which authorized the purchase of new national
forest land, were concerned with the amelioration of water flows from timbershed catchment areas,
and thus the flooding and flows of navigable rivers and streams (Hoyt, 1955). The Corps had been
continuously involved with river and harbor improvements since 1824, but the focus was on navigation,
not flood control. After the Civil War, Congress assumed greater responsibility for flood forecasting
and warning by authorizing federal agencies such as the Corps and the U.S. Geological Survey
(USGS) to initiate stream gaging activities (Corps of Engineers, 1988). Due to public concern about
logging practices at the turn of the century, two short-term paired watershed studies were conducted
by the U.S. Forest Service (FS) in Colorado (Bates, 1928), and by the U.S. Geological Survey (USGS)
in New Hampshire (Leighton, 1913) to study the relationship between timber harvest and water flow.
The New Hampshire study responded to the 1911 Weeks Act. Direct federal involvement in flood
control, however, remained limited.

DIRECT FEDERAL INVOLVEMENT IN FLOOD CONTROL

The Flood Control Act of 1917 (P.L. 64-367) was enacted following major flooding on the Mississippi
River and marks the beginning of direct federal commitment to flood control. Ten years later in 1927,
another major Mississippi River flood resulted in the Flood Control Act of 1928 and Corps responsi-
bility for flood control and navigation on the river. Later, after major flood disasters in New England,
the Ohio River, and the Potomac and Susquehanna river basins, the Flood Control Act of 1936 (P.L.
74-738) expanded federal responsibility to all navigable rivers of the Nation and authorized over 200
flood control projects in 31 states. The Flood Control Act of 1938 further extended the scope of
federal involvement, assigning the full cost of building and maintaining reservoirs and channel
improvements and rectification projects to the federal government. (The 1941 Flood Control Act
restored local cooperation requirements for channel projects.) The Corps was assigned the major
role in these structural flood control efforts (Hoyt, 1955).

Although often overlooked, the early flood control acts did address both structural and nonstructural
measures. For example, the 1936 Act recognized that improvement of watersheds for flood control
was a proper federal function. It sought to reconcile conflicting views of the role of upstream and
watershed measures by simply providing for them without any systematic integration with structural
measures (White, 1989). The 1938 Act authorized evacuation of floodable areas in lieu of structural
measures, if economically feasible. Clearly though, the federal emphasis was on structural solutions,
beginning a long tradition of construction of dams, levees and channel modifications.

1 Floods, by Hoyt and Langbein, 1955, includes an extensive description of early flood control efforts in the
1700s to 1900s.
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The magnitude of the effort and the pressing need in the late 1930s and the early 1940s to protect
as many rural and urban communities as practical and feasible and as soon as possible, left little
time for other considerations. Thus, it was during this early era that the concept of controlling
floods with structural measures became widespread, prevalent, and almost ‘institutionalized’
(Donovan, 1983).

By 1961 — twenty-five years after the first legislation providing for federal participation in flood
control on a nationwide basis — the authorized flood control program of the Corps consisted of over
900 projects with an estimated federal cost of about $9 billion. Projects completed or under
construction in 1961 included about 220 reservoirs with nearly 90,000,000 acre-feet of flood control
capacity, over 9,000 miles of levees and floodwalls, and some 7,400 miles of channel modifications.
Authorized projects not yet started at that time would have added 40,000,000 acre-feet of flood
storage capacity in 120 additional reservoirs, almost 3,100 miles of levees and floodwalls, and 3,300
miles of channel modifications (Cassidy, 1962).

Other federal agencies became involved in flood control through a variety of resource conservation
and economic development programs. The TVA Act of 1933 established the Tennessee Valley
Authority (TVA) and its regional program of resource development, including construction of dams
and reservoirs for flood control. From the 1930s to 1950s, the Bureau of Reclamation (BOR) and
the U.S. Department of Agriculture (USDA) began including flood control along with other project
considerations, and a national program for upstream watersheds was authorized. Also in the period
of 1930 to 1950, the Forest Service embarked on major flood control research in the Intermountain
Region and the technology developed has been extensively applied in Utah. By 1955, the Soil
Conservation Service (SCS) of the USDA was providing assistance for the application of conservation
measures (including flood prevention measures) to individual landowners and operators in 2,600 soil
conservation districts.

Other early involvement by the federal government in flood control took place along the international
boundary with Mexico. In 1933, a U.S.-Mexico Convention was established providing for boundary
stabilization and flood control along a section of the Rio Grande River. The U.S.-Mexico Water
Treaty of February 3, 1944 provides the basis for international flood control projects along the
boundary sections of the Rio Grande and the Colorado River. The federal agency charged with
implementing these and other treaty-derived responsibilities for flood control and floodplain manage-
ment along the international rivers is the U.S. Section, International Boundary and Water Commis-
sion, United States and Mexico. Subsequent U.S.-Mexico agreements affecting flood control include
the Convention of August 29, 1963 and the Boundary Treaty of November 23, 1970. The latter
agreement provides for boundary river stabilization and international management of the boundary
river floodplains (International Boundary and Water Commission, 1989).

Along with acceptance of federal involvement in flood control came increasing federal involvement
in disaster relief. The Federal Disaster Act of 1950 (P.L. 81-875) was the Nation’s first comprehensive
disaster relief act, and Small Business Administration (SBA) disaster relief programs were initiated
in the 1950s.
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FLOOD “CONTROL” VS. FLOOD “MANAGEMENT”

Although the emphasis during the first half of this century was on structural means to “control floods”
and on federal financing (with limited state or community cost sharing), the need for a broader
approach to flood control and the concept of flood “management” (rather than “control”) was being
studied and applied. In his 1942 dissertation “Human Adjustments to Floods,” Dr. Gilbert White
presented a comprehensive theory of a broad, geographic approach to the flood problem involving
“...an integration of engineering, geographic, economic, and related techniques.” He also noted that
“The solutions will not involve a single line of public or private action but will call for a combination
of all eight types of adjustments, judiciously selected with a view to the most effective use of
floodplains” (White, 1945). The eight types of adjustments that White discussed were: land elevation,
flood abatement, flood protection, emergency measures, structural adjustments, land-use readjust-
ments, public relief, and insurance.

In 1950, a Water Resources Policy Commission appointed by President Truman included among its
recommendations that federal authorities consider floodplain zoning and flood forecasting as integral
parts of flood management. A 1951 report of the Engineers Joint Council (“Principles of a Sound
National Water Policy”) also addressed land management through emphasis on “sustained land utility”
rather than flow retardation. There was also an attempt to establish a federal flood insurance
program after the 1951 floods on the Kansas and lower Missouri rivers, but both Congressional
reaction and a report sponsored by the Insurance Executives Association were unfavorable. In their
1955 book Floods, Hoyt and Langbein discussed current flood control policy: “Even now there are
ideas and influences at work within government seeking to foster consideration of flood-plain
development and re-development, relocation, zoning of flood plains, flood-forecasting, and storage
of water on cultivated fields or underground as supplementary means for effective control of flood
damage” (Hoyt, 1955).

The TVA initiated its regional floodplain management assistance program in 1953, providing technical
assistance to communities as the basis to encourage floodplain regulations. From 1953 to 1960 the
TVA floodplain management program emphasized land-use regulation in floodprone areas, but was
later broadened to include consideration of all nonstructural measures, as well as flood control
structures. One of the first TVA floodplain management studies was in the twin cities of Bristol,
Tennessee-Virginia. A 1956 flood hazard information report recommended the adoption of local
floodplain regulations. A local flood study committee, with technical assistance from the state, then
developed a comprehensive plan for flood damage prevention. The Bristol approach was applied
in several other communities within the TVA region.

The TVA’s floodplain management program was described and recommended for national application
in the report “A Program for Reducing the National Flood Damage Potential,” prepared for the
Senate in March 1959 (Tennessee Valley Authority, 1983).



History of Floodplain Management 4-5

THE 1960s: A TIME OF CHANGE

During the 1960s, there was recognition of increasing flood losses and accelerating disaster relief costs
despite the billions of dollars in federal investments in structural projects. As a result, major steps
were taken to redefine federal policy and approaches to flood control. A major change in the
composition of Congressional representation, initiated following the 1960 census, also had a significant
input on federal water policy. Redistricting started the process of replacing rural (largely southern
and western) project-oriented Congressmen with urban, grant-oriented members and the realignment
of traditional Congressional coalitions (Thomas, 1983).

This realignment of Congressional coalitions affected all water policy. It also had a major impact
on the recognition of natural and beneficial resources as reflected in the National Environmental
Policy Act of 1969 (P.L. 91-190) and its related preceding and following legislation. At the same time,
emphasis began to shift from a river basin to a site development focus (Thomas, 1983b, 1988).

Following the Senate’s review of the 1959 TVA report, Section 206 of the Flood Control Act of 1960
(P.L. 86-645) authorized the Corps of Engineers to provide technical services and planning assistance
to communities for wise use of the floodplain and for ameliorating the flood hazard. Under this
authority, the Corps established a National Floodplain Management Services Program and began
producing maps and floodplain information reports (patterned after reports already being prepared
by the TVA) describing flood hazard in terms of the area prone to floods, the history of flooding,
depths of flooding experienced or expected, velocities of flood flows, and the time characteristics of
floods. The studies and assistance were provided largely at federal expense. Local interests were
encouraged to provide mapping and other survey information and to use the results in their planning
toward wise use of the floodplain (U.S. Army Corps of Engineers, 1968). By the end of fiscal year
1969, over 300 flood plain information reports had been issued (U.S. Army Corps of Engineers, 1970).

The President’s water policy statement of 19622 established policies and procedures related to
comprehensive river basin plans and individual projects. The Water Resources Planning Act of 1965
(P.L. 89-80) created the U.S. Water Resources Council (WRC) and authorized the creation of federal-
state river basin commissions. Several river basin commissions were formed and began producing
comprehensive basin plans. The first plans produced by the river basin commissions made only
general recommendations regarding floodplain management — principally that states and communities
use the Corps’ floodplain information studies to supplement specific flood control measures and land
treatment programs included in the plan. Later studies included more detailed recommendations,
including floodplain zoning, preparation of floodplain information studies and programs, and other
land-use regulations such as state coastal zone legislation and creation of basin-wide wild and scenic
rivers programs (Holmes, 1979).

The growing recognition of the need for alternative approaches to flood loss reduction was also
reflected in state government actions. In 1966, for example, Wisconsin’s Water Resources Act

2 Prepared by the Secretaries of the Interior, Agriculture, Army, and Health, Education and Welfare; and
published as Senate Document 97, Policies, Standards, and Procedures in the Formulation, Evaluation, and
Review of Plans for Use and Development of Water and Related Land Resources (Buie, 1979).
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mandated local regulation of flood hazard and shoreline areas consistent with state standards and
in 1969 Minnesota adopted a state floodplain management program in conjunction with a shoreland
zoning program (Kusler, 1982). In 1958, seven states had adopted and were enforcing floodplain
management regulations, primarily for narrow channel encroachments. By 1969, 15 states had
floodplain management statutes, some of which included regulation of the entire floodplain (Bloom-
gren, 1982).

Local governments also initiated attempts to deal with flood hazards in a more comprehensive
manner. For example, with assistance and support from the TVA, the towns of Maryville and Alcoa
in the State of Tennessee undertook joint flood damage reduction planning combined with community
redevelopment (U.S. Water Resources Council, 1971).

HOUSE DOCUMENT 465 AND EXECUTIVE ORDER 11296

The most significant step toward a more unified federal policy came in 1966, with the establishment
of a Bureau of the Budget Task Force on Federal Flood Control Policy. The Task Force’s report —
House Document 465, “A Unified National Program for Managing Flood Losses,” August 1966 —
has been called the “Magna Carta of contemporary floodplain management planning” (Donovan,
1983). Citing numerous problems — mounting flood losses, inadvertent encouragement of floodplain
encroachment, increasing damage potential under existing policies, and the inability of current
programs to prevent catastrophes, among other problems — the report advocated a broader perspec-
tive on flood control within the context of floodplain development and use. H.D. 465 included five
major goals:

1) To IMPROVE BASIC KNOWLEDGE ABOUT FLOOD HAZARD.

2) TO COORDINATE AND PLAN NEW DEVELOPMENTS ON THE FLOODPLAIN.

3) ToO PROVIDE TECHNICAL SERVICES TO MANAGERS OF FLOODPLAIN PROPERTY.

4) TO MOVE TOWARD A PRACTICAL NATIONAL PROGRAM FOR FLOOD INSURANCE.

5) TO ADJUST FEDERAL FLOOD CONTROL POLICY TO SOUND CRITERIA AND CHANGING NEEDS.

The report also included recommendations on ways to achieve these ambitious goals. (Subsequent
revisions to the Unified National Program are discussed in later sections of the Assessment Report.)

Executive Order 11296, Flood Hazard Evaluation, was issued at the same time as the Task Force
report and directed federal agencies to evaluate the flood hazard before undertaking federally
financed or supported actions and to play a lead role in preventing uneconomic use and development
of floodplains. The task of developing the framework, including specific legislative and other
programmatic needs to implement the Unified National Program, was assigned to the U.S. Water
Resources Council (The President, 1966).
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THE NATIONAL FLOOD INSURANCE PROGRAM AND THE NATIONAL
ENVIRONMENTAL POLICY ACT

While H.D. 465 and E.O. 11296 provided the groundwork for redirecting the federal involvement
from structural control to a more comprehensive approach to management of the floodplain, two
major legislative actions were also significant — establishment of the National Flood Insurance
Program (NFIP) and passage of the National Environmental Policy Act (NEPA).

At the same time the 1966 Task Force was evaluating flood control policy, the Department of
Housing and Urban Development (HUD) was studying the feasibility of a national flood insurance
program. The Southeast Hurricane Disaster Relief Act of 1965 (P.L. 89-339), enacted after Hurricane
Betsy caused extensive damage, particularly in the Gulf states, had authorized such a feasibility study.
HUD’s 1966 report provided the basis for the National Flood Insurance Act (NFIA) of 1968 (P.L.
90-448)* (Holmes, 1979).

Through the NFIP, relief from the impacts of flood damages in the form of federally subsidized flood
insurance became available to participating communities, contingent upon nonstructural flood loss
reduction measures embodied in local floodplain management regulations. Community participation
in the NFIP was relatively limited until the Flood Disaster Protection Act of 1973 (P.L. 93-234)
amended the NFIA to strengthen incentives for local participation. Often overlooked is the impor-
tance of the NFIP’s 1968 decision establishing the one percent chance flood as a national standard;
a decision that Congress concurred with in 1973.

Passage of NEPA in 1969 provided for the consideration of environmental values in federal and
federally supported actions. NEPA proved to be a major tool allowing for recognition of the multiple
functions of the floodplain and for guiding use and development of floodplain lands. In addition,
passage of NEPA signaled the initiation of the “environmental decade” to follow.

THE 1970s: THE ENVIRONMENTAL DECADE

During the 1970s, both the policy framework and management tools for floodplain management
changed significantly, as did the national context within which floodplain use and development
occurred. At the same time that national policy shifted toward decentralization of water management
programs and toward nonstructural solutions to floodplain management, congressional support for
major water resource development projects decreased. As a result of Congressional redistricting
the number of Congressmen from urban districts steadily increased, while the strength of the rural
groups that traditionally supported large water development projects continued to decline (Thomas,
1983). Numerous “environmental” laws and programs at the federal and state levels, as well as
specific water policy initiatives, opened the way for a much broader perspective on floodplains and
a more comprehensive approach to their management.

3 The first national flood insurance program was enacted by Congress in 1956, but was never funded.
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LAND AND WATER USE PLANNING TOOLS

With the passage of NEPA, the establishment of environmental quality as a national goal, and the
requirement for environmental impact statements for proposed federal projects and actions, major
activities affecting floodplains and specific flood control projects became subject to greater public
scrutiny, and more importantly, consideration of alternatives. Complimentary environmental
legislation was adopted by many states, establishing environmental quality review and environmental
impact assessment requirements at the state and local levels.

Other land and water use planning tools also affected the decision-making process for floodplain use
and facilitated the consideration of alternative strategies for dealing with potential flooding impacts:

The Coastal Zone Management Act of 1972 (P.L. 92-583) provided for more direct state attention
to coastal resources, including coastal flood hazard areas. Through the coastal management
programs, states initiated or refined land and water use control procedures and programs in their
coastal flood hazard areas.

»  The Water Pollution Control Act Amendments of 1972 (P.L. 92-500) assigned to the U.S. Environ-
mental Protection Agency (EPA) the responsibility to issue permits to regulate or prohibit
pollutant discharges into the Nation’s rivers. The Corps was given the responsibility (Section
404) to issue permits for dredge and fill activities in the Nation’s waters. The Act also called
for intensified planning and intergovernmental coordination in waste treatment facilities (Section
208) and in river basin planning (Section 209).

*  The Disaster Relief Act of 1974 (P.L. 93-288) required the development of state disaster prepared-
ness plans for floods and other natural hazards as a condition of receiving federal disaster
assistance.

EXPANDING FRAMEWORK FOR FLOODPLAIN MANAGEMENT

Integration of strategies for floodplain management was further enhanced through several more
directly related policy and legislative initiatives, including changes to the NFIP and publication of the
“Principles and Standards for Planning of Water and Related Land Resources.”

* The Flood Disaster Protection Act of 1973 (P.L. 93-234) amended the National Flood Insurance
Act (NFIA), providing stronger incentives for communities to participate in the flood insurance
program by tying future federal financial assistance to states or communities and participation
in the NFIP. After Tropical Storm Agnes caused over $2 billion in losses in 1972, Congress
strengthened the requirements of the NFIP — requiring that communities in designated flood
hazard areas adopt appropriate land-use controls as a condition to receiving federal assistance
for insurable structures. Between enactment of the NFIA in 1968 and 1973, approximately 3,000
communities joined the program; after the 1973 amendments, community participation increased
to approximately 16,000 by mid-1979.

*  The “Principles and Standards for Planning of Water and Related Land Resources” (Principles and
Standards), a presidential policy statement issued in September 1973, established a framework
for improved planning in the use of water and related land resources, based on the objectives
of National Economic Development (NED) and Environmental Quality (EQ).
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The Water Resources Development Act of 1974 (P.L. 93-251) addressed the cost-sharing issues
raised in H.D. 465 and required the consideration of nonstructural measures in federal flood
control projects.

The Disaster Relief Act of 1974 (P L. 93-288) included requirements for applicants to take actions
to mitigate hazards as a condition of receiving disaster assistance and that rebuilding be done
in conformance with applicable codes, specifications and standards.

In addition, the “Unified National Program” set forth in H.D. 465 was revised in response t0 new
legislative and executive actions — first in 1976, to integrate flood insurance and floodplain manage-
ment objectives; and again in 1979 to incorporate executive orders on floodplain management and
protection of wetlands. (The latest revision, in 1986, is described later in this chapter.)

A Unified National Program for Flood Plain Management was published by the Water Resources
Council in July of 1976. This updated and revised version of H.D. 465 was developed in response
to Sec. 1302(c) of the National Flood Insurance Act and to problems cited in a 1975 Government
Accounting Office (GAO) report “National Attempts to Reduce Losses from Floods by Planning
for and Controlling the Uses of Flood-Prone Lands.” The 1976 program noted the existence
of new tools for managing natural resources, including floodplain lands, with an emphasis on
the need for greater intergovernmental coordination for effective management.

Executive Order 11988, Floodplain Management, and Executive Order 11990, Protection of Wetlands,
were issued in May, 1977. E.O. 11988, which relies on authority provided in both the NFIA and
NEPA, specified the responsibilities of federal agencies in floodplain management. Superseding
the 1966 executive order on flood hazard evaluation and reflecting the new context for manage-
ment of floodplains, it directed federal agencies to evaluate the potential effects of their actions
on floodplains (including the consideration of “natural and beneficial values” of floodplains) and
to include the evaluation and consideration of flood hazards in agency permitting and licensing
procedures. Since federal actions covered by the E.O. include federal financing programs, the
requirements apply to a broad range of construction and development activities at state and local
levels. The E.O. also established the one percent chance flood as the standard to be used by
all federal agencies.

Executive Order 12127, issued on March 31, 1979, created the Federal Emergency Management
Agency (FEMA) to coordinate federal hazard mitigation efforts and to consolidate the programs
of five related agencies (the Federal Insurance Administration, the Federal Disaster Assistance
Administration, the Defense Civil Preparedness Agency, the Federal Preparedness Agency, and
the U.S. Fire Administration).

A Unified National Program for Floodplain Management was updated again by Water Resources
Council in September, 1979 to incorporate the new federal policy on flood management as set
forth in E.O. 11988.

The Principles and Standards were also updated and revised in late 1979. The revisions required
that a primarily nonstructural alternative plan be prepared and considered as an alternative
whenever structural water resources projects are proposed. The “Principles and Standards” also
encouraged specific consideration of the ecological values associated with floodplains as part of
the environmental quality evaluation process, further defining the “natural and beneficial values”
cited in E.O. 11988.
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e In addition, a series of studies to identify and implement opportunities for floodplain manage-
ment were initiated by the WRC in the 1970s. This effort led directly to the creation of the
interagency agreement establishing Interagency Hazard Mitigation Teams and the funding of
Section 1362 of the NFIA for purchase of flood-damaged properties (U.S. Water Resources
Council, 1979).

INCREASING STATE AND LOCAL INVOLVEMENT IN FLOODPLAIN MANAGEMENT

During the 1970s, more state and local governments became involved in floodplain management
through passage of state legislation addressing specific activities, participation in the NFIP, initiation
of multi-purpose planning programs, or development of specific “innovative” projects. Regulatory
accomplishments at the state and local levels during the decade included (Kusler, 1982):

1) AT THE STATE LEVEL:

¢ appointment of state flood insurance program coordinators in all 50 states;

o adoption of new floodplain regulatory programs by seven more states and strengthening of
programs by others;

e increases in staff and budgets of state programs for mapping, technical assistance, and permit
evaluation;

» growth of state expertise, aided by access to WRC Water Resource Planning Grant funds
and subsequent NFIP State Assistance Funds;

 adoption of resource conservation legislation that incorporated hazard reduction consider-
ations (e.g., wetlands protection, coastal management); and

¢ incorporation of floodplain management measures in multi-purpose programs such as urban
renewal and open space acquisition programs.

2) AT THE LOCAL LEVEL:

» adoption of floodplain regulations by close to 17,000 communities as a condition of enroll-
ment in the NFIP; and

» adoption of local resource management regulations (e.g., wetlands protection, shoreland
zoning, etc.).

There were also many instances of states and localities taking the initiative in multipurpose programs
or comprehensive floodplain management programs: e.g., county-funded comprehensive floodplain
management program in Baltimore County, Maryland; flood reduction and community revitalization
in Soldier’s Grove, Wisconsin; floodplain evacuation/relocation in Clinchport, Virginia.

The Association of State Floodplain Managers (ASFPM) was founded in 1977, providing a significant
forum for the sharing of expertise and experience in state and local floodplain management programs
and assistance in improving the effectiveness of those programs.



History of Floodplain Management 4-11

THE 1980s: CONTINUING EVOLUTION OF FLOODPLAIN MANAGEMENT

Actions in the 1970s resulted in a broad planning framework for floodplain management — through
both land-use related legislation and specific water policy initiatives. During the 1980s, the significant
“new” legislative or institutional changes were few. Rather, more attention was given to implementing
policies and programs. The federal government took on more of a coordinative role, providing
direction and technical assistance. State and local governments gradually increased their role in
fashioning floodplain management strategies appropriate to their jurisdictions.

Two interagency agreements were developed in 1980 in attempts to improve federal governmental
coordination in the provision of programs and services related to flood damage reduction. One
interagency agreement — “Use of Nonstructural Measures in Flood Damage Reduction and Flood-
plain Management” — was intended to establish common policy among the water resource construc-
tion agencies on nonstructural flood loss reduction (Thomas, 1983).

A second interagency agreement was developed after a 1980 Office of Management and Budget
(OMB) directive that “all Federal programs that provide construction funds and long-term recovery
assistance must use common flood disaster planning and postflood disaster recovery procedures”
(Office of Management and Budget, 1980). The purpose of the directive was to utilize the leverage
of the immediate postflood situation to encourage nonstructural flood loss reduction and to link the
efforts of disaster recovery agencies and agencies involved in planning and construction.

As a result, 12 federal departments and agencies signed an interagency agreement committing them
to a common policy and procedures, implemented through the action of interagency hazard mitigation
teams (IHMT). These teams, activated after Presidentially declared disasters and under FEMA’s
leadership, provided another vehicle for evaluating a range of floodplain management opportunities,
particularly those that might arise out of the postdisaster context (e.g., relocation of damaged
structures). The teams make recommendations to all levels of government concerning a mix of
strategies and tools that might be used to mitigate against future flood losses. The teams do not have
authority to obligate federal agencies to commit funds or pursue a particular course of action.

The 1980 OMB directive was at least partially in response to activities following a 1978 flood of the
Kickapoo River in Wisconsin that devastated portions of the Village of Soldiers Grove. After the
flood, the Village assembled funds from several federal, state and local sources and relocated its main
business district to a new location out of the floodplain. As a result of this relocation, a partially
constructed flood control dam on the Kickapoo River above the Village was never completed. This
event generated great interest in the possibilities of postdisaster nonstructural measures. In addition,
the confusion created in the federal government by a flooded community shopping for discretionary
funds among various agencies stimulated discussions to find a mechanism to coordinate such activities.
It was recognized that: a) nonstructural measures, when implemented following floods to take
advantage of opportunities presented in the postflood period, could be much more cost-effective and
timely than structural measures, and b) the nonstructural approach would require a federal interagen-
cy mechanism to coordinate available resources to maximize their effectiveness. This OMB memo
and subsequent interagency agreement provided further impetus to the transition from an emphasis
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on flood control through structural measures to an emphasis on nonstructural floodplain management
measures (Zensinger, 1988).

State hazard mitigation planning pursuant to Section 406* of the Disaster Relief Act of 1974 was
initiated in 1980, following publication of regulations to implement this section of the 1974 law in late
1979. While many state and local communities had been involved in hazard mitigation previously,
Section 406 planning requirements made evaluation of mitigation opportunities mandatory after a
presidential declaration of disaster. The 406 requirements tied the receipt of federal grants or loans
for disaster assistance to a state’s evaluation of natural hazards and identification of appropriate
actions, including safe land-use and construction practices, to mitigate such hazards.

Both the IHMT process (limited to flood disasters and intended primarily to coordinate federal
response and recovery) and the 406 planning process (for all types of presidentially declared disasters)
provided impetus to greater involvement by state and local officials in hazard mitigation activities
as a result of their participation on the teams.

The Coastal Barrier Resources Act of 1982 (P.L. 97-348) prohibits new federal expenditures
(including the denial of federal flood insurance and disaster assistance) on undeveloped coastal
barriers on the Atlantic and Gulf coasts. The Act incorporates and, in fact, mandates the approach
of avoiding high hazard areas, further defining the message that was spelled out in E.O. 11988. The
Act defined and identified undeveloped coastal barriers, and placed a general prohibition on all
federal activities that might assist development of those barriers. Federal expenditures not prohibited
by the Act include Internal Revenue Service (IRS) deductions for casualty losses and federally insured
conventional loans.

In 1983, FEMA began to implement the concept of integrated emergency management to encourage
state and local progress in responding to all hazards through the Integrated Emergency Management
System (IEMS). The IEMS systematic approach to emergency management planning incorporates
hazard identification, assessment of state and local capability to deal with hazards, and multi-year
planning to improve capability in preparedness, response, recovery and mitigation.

In 1986, A Unified National Program for Floodplain Management was updated® to reflect changes in
federal programs and the strengthening of floodplain management capability at the state and local
levels. The 1986 document notes “that the relative role of the Federal government in national
floodplain management is declining as local, but especially State, governments have begun to develop
experience and effective programs.” The report focuses on “ineffective coordination as a major
weakness in the use of the limited resources presently devoted to floodplain management”, but also
recognizes the increasing fiscal burden placed on the states. “Realistically, State legislatures will find
it necessary to accept more responsibility to provide levels of funding needed to carry out a compre-

*  Section 406 was renumbered as Section 409 by the Disaster Relief and Emergency Assistance Amendments
of 1988 (P.L. 100-707).

*  Responsibility for leadership of the UNP had been transferred to FEMA in 1982 following zero-level funding
of the WRC and transfer of WRC staff to other federal agencies.
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hensive State floodplain management program, especially as Federal financial assistance is limited
in accord with current Federal deficit reduction policies” (Federal Interagency Floodplain Manage-
ment Task Force, 1986).

As an indication of the growing state and local role in floodplain management, 27 states had
floodplain management statutes in place by 1982 (Bloomgren, 1982). In 1988, 36 states had statutes
that either mandated or allowed regulation of riverine and/or coastal floodplains (Association of State
Floodplain Managers, 1989). At the end of 1988, about 17,800 communities were participating in
the NFIP. On their own initiative or due to state requirements, many of these communities had
enacted regulations that exceeded in some instances the minimum floodplain management require-
ments of the NFIP. States and communities have also actively pursued reduction of flood losses
through means other than regulation, including flood preparedness and warning, acquisition of
floodprone areas and floodproofing. State and local governments have also been involved in
protecting floodplain natural resources, though efforts vary widely across the country and are not
always coordinated with loss reduction measures.

Throughout the 1980s, organizations such as the Association of State Floodplain Managers, the
Association of State Dam Safety Officials, the Association of State Wetland Managers and the
National Association of Urban Flood Management Agencies (now the National Association of Flood
and Stormwater Management Agencies) played an increasingly important role in shaping national
floodplain management policy and influenced both legislation and budgets. '

SUMMARY AND CONCLUSIONS

The history of floodplain management in the United States has been influenced by broad national
trends and attitudes with respect to urban growth and development, government spending, expanding
technology, recognition of the complexity and interrelationship of issues related to land and water
use, and shifting roles among different levels of government. Three major trends have had a
particularly important impact on the present status of floodplain management.

The first trend is the integration of the different government programs that affect floodplains. The
current status of floodplain management stems from the evolution of programs for water resource
projects, disaster assistance and environmental quality. The second trend — the Nation’s growing
urbanization — has been reflected in Congressional attitudes and representation, resulting in less
focus on major flood control and other water resource projects and greater focus on risk management,
environmental improvement, ecosystems protection and urban water quality. The third major trend —
decentralization of the federal role — has resulted in the development of technical expertise and a
greater sharing of the responsibility for floodplain management among federal, state and local
governments.

Although floodplain management has matured considerably since the early efforts focused solely on
flood control, today’s management programs are still evolving in accordance with national trends and
efforts to improve and expand the tools for reducing flood losses and protecting natural resources.
Additional change can be expected in the future.



CHAPTER 35:

A UNIFIED NATIONAL PROGRAM FOR
FLOODPLAIN MANAGEMENT

... [A] unified national program only can be achieved through a partnership among all levels of
government wherein each carries out its responsibilities ...

Jeffrey S. Bragg, Former Administrator, Federal Insurance Administration

House Document 465, A Unified National Program for Managing Flood Losses, established the
foundation of a coordinated national effort to manage the nation’s floodplains. In response to a
directive in the 1968 National Flood Insurance Act (NFIA), a conceptual framework for a unified
national program was set forth in 1976 in A Unified National Program for Flood Plain Management
(U.S. Water Resources Council, 1976). This document was revised and updated in 1979 (U.S. Water
Resources Council, 1979), and again in 1986 (Federal Emergency Management Agency, 1986) to
reflect changes in relevant policies, legislation and institutional arrangements, as well as progress in
approaches to floodplain management.

The resulting document provides the conceptual framework for floodplain management in the United
States today. Because of that document’s importance, this chapter presents a relatively detailed
account of how A4 Unified National Program for Floodplain Management has evolved over the last 25
years and what the program now encompasses. Figure 5-1 summarizes the evolution of the Unified
National Program for Floodplain Management from 1966 to 1986.

HOUSE DOCUMENT 465:
A UNIFIED NATIONAL PROGRAM FOR MANAGING FLOOD LOSSES

In August 1966, A Unified National Program for Managing Flood Losses was submitted by President
Lyndon Johnson to Congress. This document — House Document 465 — had been prepared by
the Task Force on Flood Control Policy, at the administration’s request, in an attempt to check the
mounting national toll of flood losses. In his transmittal letter, the President noted the extent of the
Nation’s investment in flood control projects (over $7 billion since 1936) and the need to continue
support of these traditional programs, but he also recognized the need for new policies and measures
to reduce growing annual flood losses and to promote sound development of floodplains.
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DATE DOCUMENT AGENCY ACTION
August A Unified National Task Force on Federal ~ Prepared at the
1966 Program for Flood Control Policy administration’s request
Managing Flood and submitted to
Losses Congress by the
President.
July A Unified National ~ U.S. Water Resources Prepared by WRC in
1976 Program for Council response to Sec. 1302(c)
Floodplain of the NFIA. Submitted
Management to the President, but not
transmitted to Congress.
September A Unified National U.S. Water Resources  Prepared by WRC to
1979 Program for Council incorporate new policy
Floodplain directions (E.O. 11988
Management etc.). Submitted to the
President and transmitted
to Congress.
March A Unified National FEMA (Interagency Prepared by the
1886 Program for Floodplain Interagency Task Force
Floodplain Management to reflect legislative and
Management Task Force other changes.
Submitted to the
President and transmitted
to Congress.
Source:  Thomas, Frank. Chairman of the Federal Interagency Floodplain Management Task Force. Personal Communication, 1988.
Figure 5-1.  Evolution of a Unified National Program for Floodplain Management.

GOVERNMENTAL RESPONSIBILITIES

The Unified National Program recommended in H.D. 465 emphasized reorientation and strengthening
of federal agency programs under existing authorities. Although no new agencies were recommended,
some of the task force proposals did call for new legislation, as well as specific studies or research
to improve planning capabilities. Responsibility for most of the specific recommendations was
assigned to one or more federal agencies. The U.S. Water Resources Council! (WRC), which had
recently begun operations under authority granted in the Water Resources Planning Act of 1965, was
assigned primary responsibility for many aspects of the national program.

! See Chapter 7 for a description of the organization and functioning of the Water Resources Council relevant
to floodplain management.
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Although directed principally at federal agency actions to improve flood management, H.D. 465 did
recognize the need for involvement and cooperation among all levels of government as well as private
citizens. The Task Force recommended the following division of responsibility (Task Force on
Federal Flood Control Policy, 1966):

Federal Responsibilities

- collection and dissemination of data -
- provision of technical services -
- construction of flood control projects -
- management or supervision of indemnification program -
- provision of credit for local contributions to flood projects -

State Responsibilities

- establishing floodplain encroachment lines -
- granting of authority for demarcation of flood hazard areas -
- assisting local planning and project financing efforts -

Local Responsibilities

- guiding desirable expansion and avoiding uneconomic use of high hazard areas -
- organizing flood project beneficiaries to pay for services -

Individual Responsibilities

- weighing of the costs and advantages of developing alternative sites -
- assumption of financial responsibility for new locational decisions -

FLOODPLAIN MANAGEMENT RECOMMENDATIONS

The Task Force also included 16 recommendations for specific action in House Document 465 (these
are summarized on Figure 5-2). One recommendation was fulfilled almost immediately when, at the
same time that the President transmitted the Task Force report to Congress, he issued Executive
Order 11296, Flood Hazard Evaluation, directing federal agencies to evaluate flood hazards prior
to funding new construction or the purchase or disposal of lands. In his transmittal letter, however,
the President named the Bureau of the Budget — rather than the new Water Resources Council as
recommended by the Task Force — to be the agency through which interested federal agencies would
report action. This reportedly led to long delays in achieving agency action (White, 1989).

Each edition of A4 Unified National Program for Floodplain Management has included a status report
on the progress achieved in implementing the recommendations made in H.D. 465. Progress is
categorized as: “(A) largely implemented; (B) some progress (often legislated but not implemented);
and (C) little or nothing accomplished.” Figure 5-2 indicates the status of implementation progress
as determined by the Federal Interagency Floodplain Management Task Force (and its predecessors)
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in 1976, 1979, and 1986. Of the 16 specific actions that were recommended, seven were judged to
have been largely implemented by 1986, some progress was seen with regard to the implementation
of eight other recommendations, and only one recommendation (a new national program for collecting
more useful flood damage data) was judged as “little or nothing accomplished.”

A UNIFIED NATIONAL PROGRAM
FOR FLOOD PLAIN MANAGEMENT, 1976

Ten years after H.D. 465 focused attention on the need for a new approach to managing flood losses,
the WRC submitted A Unified National Program for Flood Plain Management to the President.2 H.D.
465 provided the foundation for a national flood management program, recognized the need for a
unified approach and for new planning measures, and made numerous recommendations for specific
actions. It did not, however, provide a detailed framework within which federal, state and local
agencies could formulate effective policies and implement floodplain management activities.

Section 1302 (c) of the National Flood Insurance Act (NFIA) of 1968 (P.L. 90-448) had directed that:

The objectives of a flood insurance program should be integrally related to a unified national
program for floodplain management and ... the President should transmit to Congress for its
consideration any further proposals necessary for such a unified program, including proposals for
the allocation of costs among beneficiaries of flood protection.

In 1968, the Bureau of the Budget® requested that the WRC prepare a report in response to the
directive contained in Section 1302 (c) of the NFIA. In addition, the shortcomings of H.D. 465 and
E.O. 11296 were cited in a March 1975 General Accounting Office report (U.S. General Accounting
Office, 1975). The report subsequently prepared by the WRC — A Unified National Program for
Flood Plain Management — was submitted to the President in 1976 and also reflected several pieces
of federal legislation passed since 1966 as well as new directives in federal policy that had significantly
changed the context for floodplain management. The major changes reflected in the report were:

¢ Federally subsidized flood insurance had been made available with passage of the National Flood
Insurance Act of 1968 (P.L. 90-448).

e Funds for flood disaster preparedness planning were authorized by the Disaster Relief Act of
1974 (P.L. 93-288).

¢ Technical assistance and construction grants for area-wide waste treatment facility planning were
made available under the Federal Water Pollution Control Act Amendments of 1972 (P.L. 92-
500).

The 1976 report and subsequent 1979 and 1986 revisions were submitted to the President for transmission
to Congress. The 1979 and 1986 reports were transmitted to Congress while the 1976 report was not.

Predecessor agency to the Office of Management and Budget.
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SUMMARY OF H.D. 465 RECOMMENDATIONS IMPLEMENTATION PROGRESS*

1976 1979 1986
A. To improve basic knowledge about flood hazard:

1. A three-stage program of delimiting hazards should be initiated by the Corps of B B A
Engineers, the Geological Survey, and other competent agencies.

2. A uniform technique of determining flood frequency should be developed by a A A A
panel of the Water Resources Council.

3. A new national program for collecting more useful flood damage data should be C C

launched by the interested agencies, including a continuing record and appraisals
in census years.

4. Research on (1) floodplain occupancy and (2) urban hydrology should be 1) C C B
sponsored by the Department of Housing and Urban Development, the (P))] B B B
Department of Agriculture, and the Geological Survey.

B. To coordinate and plan new developments on the floodplain:
5. The Federal Water Resources Council should specify criteria for using flood information B B B

and should encourage States to deal with coordination of floodplain planning, and
with floodplain regulation.
6. Under the following Federal programs, steps should be taken to assure that State B B B
and local planning takes proper and consistent account of flood hazard:
Federal mortgage insurance
Comprehensive local planning assistance
Urban transport planning
Recreation open space and development planning
Urban open space acquisition
Urban renewal
Sewer and water facilities
(Many of the necessary coordinating actions were accomplished during final
preparation of H.D. 465.)
7. Action should be taken by the Office of Emergency Planning, the Small Business B B B
Administration, and other agencies to support consideration of relocation and
floodproofing as alternatives to repetitive reconstruction.
8. An Executive Order should be issued directing Federal agencies to consider flood A A A
hazard in locating new Federal installations and in disposing of Federal land.

C. To provide technical services to managers of floodplain property:
9. Programs to collect, prepare, and disseminate information and to provide limited A A A

assistance and advice on alternate methods of reducing flood losses, including
floodplain regulation and floodpreofing, should be undertaken by the Corps of
Engineers in close coordination with the Department of Agriculture.
10. An improved national system for flood forecasting should be developed by the B B B
Environmental Science Services Administration as part of a disaster warning system.

D. Yo move toward a practical national program for flood insurance:

11. A five-stage study of the feasibility of insurance under various conditions should A A A
be carried forward by the Department of Housing and Urban Development.

E. To adjust Federal flood control policy to sound criteria and changing needs:

12. Survey authorization procedure and instructions should be broadened in concept.

13. Cost-sharing requirements for federally assisted projects should be modified to
provide more suitable contributions by State and local groups.

14. Flood project benefits should be reported in the future so as to distinguish
protection of existing improvements from development of new property.

15. Authority should be given by the Congress to include land acquisition as part
of flood control plans.

16. Loan authority for local contributions to flood control projects should be
broadened by the Congress.

0O w o » m>
0O ®Ww o » ©»
B oW > W

* From status reports in A Unified National Program for Floodplain Management: A = Largely Implemented; B = Some

Progress (often legislated, but not implemented); € = Little or nothing accomplished

Sources:  U.S. Water Resources Council. A Unified National Program for Flood Plain Management. Washington, D.C.: U.S. Water
Resources Council, 1976 and 1979; Federal Interagency Floodplain Management Task Force. A Unified National

Program for Floodplain Management. Washington, D.C.: Federal Emergency Management Agency, 1986.

Figure 5-2. House Document 465 Recommendations for Federal Agency Action.
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e States were granted financial assistance for development of coastal management programs under
the Coastal Zone Management Act (P.L. 92-583).

e Requirements for dredge and fill permits (Section 404) expanded federal jurisdiction over
development in wetlands (P.L. 92-500).

o Cost sharing was extended, in principle, to nonstructural flood control measures under the 1974
Water Resources Development Act (P.L. 93-251).

¢ Publication of the “Principles and Standards for Planning of Water and Related Land Resources”
by the U.S. Water Resources Council in 1973 revised the procedures for evaluation of federally
funded management efforts.

o Consideration of alternatives affecting floodplain management was required in environmental
impact statements prepared in response to the National Environmental Policy Act (P.L. 91-190).

The 1976 report also addressed the following more serious problems to be overcome in implementing
a Unified National Program:

¢ Fragmented and uncoordinated responsibility for floodplain management.
o Over-reliance on public investment to solve problems.

o Inability to resolve conflicts of private property rights with state and national interests.

REFINEMENT AND EXPANSION OF HOUSE DOCUMENT 465

The 1976 report A Unified National Program: for Flood Plain Management expanded on the ideas
embodied in H.D. 465 in several important ways. It provided a conceptual framework of general
and working principles and set forth management “strategies” and implementing “tools” to guide
federal, state and local decision-makers in implementing a national program for floodplain
management. In addition, the 1976 report included more specific recommendations for federal and
state actions to reduce flood losses through floodplain management, and expanded on the role of
federal, state and local governments in implementing a Unified National Program.

The report was accompanied by recommendations for a revised, updated version of Executive Order
11296, Flood Hazard Evaluation, to reflect the above-noted legislation passed since 1966 and to
implement the expanded Unified National Program at the federal level. Although not adopted by
the President, the recommendations became the stimulus for E.O. 11988, Floodplain Management,
adopted in 1979.

While H.D. 465 emphasized reorientation and strengthening of existing programs, the 1976 Unified
National Program focused on the need for improved coordination, which was cited as the “weakest
component of current management efforts.”-
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CONCEPTUAL FRAMEWORK, STRATEGIES AND TOOLS
FOR FLOODPLAIN MANAGEMENT

As noted previously, a major problem in implementing a unified national approach to reduce flood
losses was the lack of a specific framework for decision-making. The 1976 report presented a
conceptual framework within which floodplain management policy could be formulated, along with
a set of “strategies” and “tools” to guide decision-making for specific floodplain management
activities.

The conceptual framework consisted of general principles and working principles. General principles
set forth in the 1976 report A Unified National Program for Flood Plain Management are concerned
with governmental responsibility for managing floodplains, the context within which the floodplain
and flood loss reduction should be viewed, and the components of sound floodplain management.

General Principles

In summary, the general principles for floodplain management as set forth in the 1976 report A
Unified National Program for Flood Plain Management are:

o Thefederal government has a fundamental interest in how the Nation’s floodplains are managed,
but the basic responsibility for regulating floodplains lies with the state and local governments.

e The floodplain must be considered in the context of total community, regional and national
planning and management.

¢ Flood loss reduction should be viewed in the larger context of floodplain management, rather
than as an objective in itself.

¢ Sound floodplain management embodies several aspects:

- Goals (wise use, conservation, development and utilization of resources) and objectives
(economic efficiency, environmental quality and social well-being);

- Consideration of future needs and the role of the floodplain;

- Evaluation of all alternative strategies for alleviating flood losses;

- Accounting for benefits and costs and interrelated impacts of floodplain management actions;
- Motivation of decision-making individuals;

- Coordination of agencies at all government levels and with responsibilities for all aspects of
floodplain management (regulation, planning functional areas such as water quality and water
supply, disaster preparedness and response, and citizen participation); and

- Evaluation through continuous monitoring and reporting to the public.
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Working Principles

The working principles set forth include definitions (of floodplains, flood hazard, flood evaluation,
serious flood conditions, and flood disaster assistance), as well as a series of general statements
regarding the nature of flooding and floodplain management that provide further guidance for the
development of floodplain management policies (for example, existing and new development should
be treated differently in floodplain management, flood characteristics are likely to change as
development and land-use changes take place, and costs of floodplain management programs ought
to be shared equitably among the beneficiaries).

Strategies and Tools

Three approaches or “strategies” for achieving flood loss reduction objectives were also set forth in
the 1976 A Unified National Program for Flood Plain Management:

1) MODIFY SUSCEPTIBILITY TO FLOOD DAMAGE AND DISRUPTION: actions to avoid dangerous,
uneconomic, undesirable, or unwise use of the floodplain.

2) MobIFy FLOODING: the traditional strategy involving construction of dams, dikes, levees and
floodwalls; channel alterations; high flow diversions and spillways; and land treatment measures.

3) MODIFY THE IMPACT OF FLOODING ON INDIVIDUALS AND THE COMMUNITY: actions designed to assist
the individual and the community in the preparatory, survival and recovery phases of floods.

A number of specific “tools” associated with each of these basic strategies were described. The
strategies and tools are summarized on Figure 5-3.4 The use of flood loss reduction strategies and
tools are discussed in Chapters 11-13.

NEW FLOODPLAIN MANAGEMENT RECOMMENDATIONS

The 1976 Unified National Program made several specific recommendations “directed toward
recognition and acceptance of the conceptual framework” and to provide the institutional coordination
necessary for implementing a unified national program for floodplain management. These included
federal, state and federal-interstate recommendations® (U.S. Water Resources Council, 1976).

The listing of strategies and tools in Figure 5-3 is taken from the 1986 (most recent) edition of A4 Unified
National Program for Floodplain Management, and includes a few changes from the original 1976 edition.

5 Although the directive contained in Section 1302 of the NFIA included a request for proposals for cost-
sharing, these recommendations were excluded from the Unified National Program since they were addressed
in a separate report being prepared in response to the Water Resources Development Act of 1974,
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SO

STRATEGIES AND TOOLS FOR FLOOD L0SS REDUCTION

STRATEGY A:
MoDIFy SUSCEPTIBILITY TO FLOOD DAMAGE AND DISRUPTION

1.

FLOODPLAIN REGULATIONS
a) State Regulations for Flood Hazard Areas
b) Local Regulations for Flood Hazard Areas
1) Zoning
2) Subdivision Regulations
3} Building Codes
4) Housing Codes
5) Sanitary and Well Codes
6) Other Regulatory Tools

DEVELOPMENT AND REDEVELOPMENT POLICIES
a) Design and Location of Services and Utilities
b) Land Rights, Acquisition and Open Space Use
¢) Redevelopment

d) Permanent Evacuation

DISASTER PREPAREDNESS

DISASTER ASSISTANCE

FLOODPROOFING ‘

FLOOD FORECASTING AND WARNING SYSTEMS AND EMERGENCY PLANS

STRATEGY B: MoODIFY FLOODING

1. DAMS AND RESERVOIRS

2. DIKES, LEVEES AND FLOODWALLS

3. CHANNEL ALTERATIONS

4. HiGH FLoOW DIVERSIONS

5. LAND TREATMENT MEASURES

6. ON-SITE DETENTION MEASURES
_STRATEGY C:

MODIFY THE IMPACT OF FLOODING ON INDIVIDUALS AND THE COMMUNITY

1. INFORMATION AND EDUCATION

2. FLOOD INSURANCE

3. TAX ADJUSTMENTS

4. FLOOD EMERGENCY MEASURES

5. PosT FLOOD RECOVERY

Source:  Federal Interagency Floodplain Management Task Force. A Unified National Program for Floodplain Management.
Washington, D.C.: Federal Emergency Management Agency, 1986.
Figure 5-3,  Strategies and Tools for Flood Loss Reduction.
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Federal Level Recommendations

- coordination at the national level for research, data collection and information dissemination -
- strengthening of management tools -
- support of state programs -

State Level Recommendations

- adoption of state enabling legislation, where needed -

- designation of state agencies for floodplain management responsibility -
- development of an information program to supplement federal efforts -
- improvement of management tools -

- support of regional, sub-state and local floodplain management activities -

Federal-Interstate Compact Commission Recommendations

- coordination and support of federal and state floodplain management programs -

1979 REVISIONS TO
A UNIFIED NATIONAL PROGRAM FOR FLOODPLAIN MANAGEMENT

While the 1976 report A Unified National Program for Flood Plain Management significantly advanced
floodplain management by establishing a decision-making framework, the report was quickly dated
by several executive level actions, specifically: floodplain management policy articulated in President
Carter’s 1977 Environmental Message; executive orders on Floodplain Management (E.O. 11988)
and Wetlands Protection (E.O. 11990); and the President’s June 1978 Water Policy Initiatives. The
Federal Interagency Floodplain Management Task Force updated and refined the 1976 Unified
National Program in a report submitted to the President in September 1979 by the WRC (U.S. Water
Resources Council, 1979).

In addition to the three major problems hindering effective floodplain management that were noted
in the 1976 report, the revised version added “insufficient awareness of alternative strategies due to
lack of adequate technical and procedural information to guide floodplain decision-makers.”

Major areas of change to the Unified National Program were concerned with incorporation of
“natural and beneficial values” of floodplains to respond to the new policy directives mentioned
above, and included:

¢ Refinement of the conceptual framework (for example: to address preservation and restoration
of natural floodplain resources as well as flood loss reduction; to emphasize the shared decision-
making responsibility for floodplain management; and to expand the discussion of managing flood
losses and alleviation of loss of natural and beneficial resources);

¢ Addition of definitions (revision of the definitions of “flood or flooding” and flood hazard; and
addition of definitions of floodplain resources, floodplain restoration and floodplain
preservation);



A Unified National Program for Floodplain Management 5-11

e Expansion of the working principles regarding floodplain use, flood loss reduction and natural
floodplain resources;

e Expansion of strategies and tools to include those for managing natural floodplain resources;
and

¢ Discussion of the federal concern for natural floodplain resources.

STRATEGIES AND TOOLS FOR MANAGING FLOODPLAIN NATURAL RESOURCES

The 1979 report A Unified National Program for Floodplain Management identified two basic strategies
for managing floodplain natural resources:

1) RESTORATION: proposed actions to provide re-establishment of a setting or environment in which
these natural functions can again operate.

2) PRESERVATION: prevention of alteration to the natural and beneficial functions of floodplains
or maintenance of the floodplain environment as close to its natural state as possible using all
practicable means.

The 1979 report notes that the best means of preserving and protecting remaining natural values is
to avoid development within floodplains. However, where avoidance is not practical, several tools
(floodplain regulations, development and redevelopment policies, information and education, tax
adjustments, and administrative measures) are available to minimize environmental harm and may
be integrated with flood loss reduction tools (U.S. Water Resources Council, 1979). The use of
strategies and tools for managing floodplain natural resources is described in Chapter 14.

1986 REVISIONS TO
A UNIFIED NATIONAL PROGRAM FOR FLOODPLAIN MANAGEMENT

In 1982, the Office of Management and Budget (OMB) assigned responsibility for the Unified
National Program to the Federal Emergency Management Agency (FEMA) which assumed
chairmanship of the Federal Interagency Floodplain Management Task Force. The Interagency Task
Force submitted an updated Unified National Program to the President in March 1986, noting that
“the 1979 report [had become] dated by the relative success and changes in federal programs and
by strengthening of floodplain management capability at the state and local levels.”

The 1986 report reflected changes in federal legislation relevant to floodplain management as well
as the results of several major accomplishments realized since completion of the 1979 report,
including:

e Use of Federal Flood Hazard Mitigation Teams, established pursuant to a July 1980 OMB
memorandum and a subsequent interagency agreement (“Interagency Agreement for
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Nonstructural Damage Reduction Measures as Applied to Common Flood Disaster Planning
and Post Flood Recovery Practices,” December 15, 1980) signed by 12 federal agencies.

o Passage of the 1982 Coastal Barrier Resources Act (P.L. 97-348), which restricted federal
expenditures that might encourage development of coastal barriers along the Atlantic and Gulf
Coasts.

o Completion of two major studies by the National Science Foundation on Flood Hazard Mitigation
(1980) and Developing Flood Hazard Mitigation Priorities (1982).

Reflecting the increasing capability of state and local floodplain management roles, the report
included more explicit recommendations regarding the federal role in supporting state and local
initiatives. A total of 11 recommendations were addressed to federal agencies, seen directed at state
governments, and four directed at local governments. These recommendations are summarized on
Figure 5-4.

SUMMARY AND CONCLUSIONS

The Unified National Program for Floodplain Management has been periodically revised and updated
to reflect recognition of new concern and new initiatives taken by each level of government. Each
revision of the Unified National Program assessed the progress that had been made in implementing
the original 16 recommendations of the 1966 Task Force on Flood Control Policy. By 1986, only one
recommendation — a new national program for collecting more useful flood damage data — was
assessed as having little or nothing accomplished with regard to its implementation. Despite this
record of accomplishment, much remains to be done. Programs for floodplain management must
continually be improved and modified to respond to changing times and needs.

The current Unified National Program provides a conceptual framework of general and working
principles and sets forth management “strategies” and “tools” for implementing the national program.
A major change to the Unified national Program that occurred in 1979 was refinement of the
conceptual framework to address protection of natural floodplain resources as well as flood loss
reduction and expansion of the strategies and tools to include those for managing natural values.
The Unified National Program has served as a device to stimulate and support improvement of
floodplain management at all government levels. As an evolving document, further changes are
anticipated to accommodate new developments influencing floodplain management.
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FEDERAL LEVEL RECOMMENDATIONS

1. Assure that all Federal programs for water, land, and related resources support and implement the precepts of Executive Order 11988;
Floodplain Management and of "A Unified National Program for Floodplain Management", as enunciated in this report. RESPONSIBILITY
— All Federal agencies.

2. Improved Federal support of States as they exercise their primary role in floodplain management. RESPONSIBILITY - All Federal agencies.

Centralize floodplain data sources at the State level. RESPONSIBILITY — The Federal Insurance Administration and Geological Survey
should take the lead.

4. Improve Federal support of local government’s role in floodplain management. RESPONSIBILITY — All Federal agencies.
5. Accelerate floodplain and hazard studies and improve dissemination of information to States and local users.

6.  Support cost sharing policies and project evaluation procedures that facilitate achievement of a desirable mix of structural and nonstructural
approaches to flood hazard adjustment. RESPONSIBILITY — All Federal agencies.

7. Require appropriate non-Federal segments of floodplain management programs, including regulations or control measures and local
stormwater management plans as a prerequisite to Federal expenditures for the modification of flooding or of the impacts of flooding,

RESPONSIBILITY — All Federal agencies.

8. Continue to evaluate the nature, size and trend of the Federal subsidy to the National Flood Insurance Program and develop policies and
procedures to decrease or eliminate the subsidy in high hazard areas after the repetitive losses have been experienced. RESPONSIBILITY
— Federal Insurance Administration.

9. Improve flood and flash flood forecasting and warning systems to include — but not be limited to — real-time data collection, forecast
preparation and dissemination, and public education in the use of system outputs. RESPONSIBILITY — The National Oceanic and
Atmospheric Administration and the Federal Emergency Management Agency.

10. Utilize the Federal Interagency Floodplain Management Task Force under the auspices of the Federal Insurance Administration.

11. Utilize the Federal Interagency Post-Flood Hazard Mitigation Task Force, under the auspices of Federal Emergency Management Agency’s
State and Local Programs Directorate.

STATE LEVEL RECOMMENDATIONS

1. Enact enabling legislation specifically addressing floodplain management programs and regulations in those States where such legislation does
not exist or is inadequate for the purpose.

2 Establish or designate a single State agency (or another effective mechanism of coordination) to assure responsibility for floodplain
management and to issue State standards as floodplain management guides for State agencies and local entities.

3. Develop an information program to supplement Federal efforts to inform public and local decision makers about flood hazards and floodplain

management.
4. Improve management tools by applying the concepts of Federal Executive Order 11988, Floodplain Management to all State agencies and
programs.

5. Establish a hazard mitigation team mechanism for State agencies similar to the Federal hazard mitigation team for the purpose of improving
the effectiveness of pre- and postflood disaster mitigation planning.

6.  Establish a mechanism to identify and monitor unsafe dams and levees and to provide hazard information to communities subject to potential
flooding from failure of unsafe dams and levees.

7. Support regional, substate, and local entities in implementing their floodplain management activities.

LocAL LEVEL RECOMMENDATIONS

1. Designate a single point of contact with lead responsibility to coordinate floodplain management activities and provide laison with State and
Federal floodplain management programs.

2. Adopt and enforce floodplain management measures including zoning subdivision and building codes that at a minimum meet standards
recommended by national and State code organizations.

3. Coordinate with adjacent communities to assure that floodplain management practices do not shift the floodplain hazard to adjacent
communities.

4. Develop review procedures to periodically assess the effectiveness of the local floodplain management programs.

Source:  Federal Interagency Floodplain Management Task Force. A Unified National Program for Floodplain Management.
Washington, D.C.: Federal Emergency Management Agency, 1986.

Figure 5-4.  Recommendations for Recognition, Acceptance and Implementation of the Conceptual
Framework of the Unified National Program for Floodplain Management.




PART III:

CHANGES IN FLOODPLAIN
MANAGEMENT
SINCE THE 1960s

Much has changed in the field of floodplain management since the 1960s when the concept
of a unified national program was first established. There have been important technological
developments, for example, along with changes in the institutional framework for floodplain
management that have resulted in an expanded legislative base, creation of new agencies,
and supportive court decisions. In addition, understanding of basic floodplain management
concepts has improved, new analytical procedures have been developed, and the institutional
and individual perception and awareness of flood hazards and floodplain natural resources
have increased.

As a result, many new programs and initiatives have been developed at all levels of
government. Many of these programs, however, tend to be single purpose programs that
are not always well coordinated with one another. In addition, we have seen a shift away
from federal dominance towards a more equal partnership among federal, state and local
governments for floodplain management.

Part III of the Assessment Report contains five chapters that describe many of the important
changes in floodplain management over the past 25 years.



CHAPTER 6:

THE KNOWLEDGE
AND INFORMATION BASE

Itis evident ... that the nation lacks a comprehensive base of information about many parameters
of floods, flood plain use, and the consequences of floods.

A Plan for Research on Floods and their Mitigation in the United States, 1983

Effective floodplain management requires a sound understanding of the physical, biological, and
chemical processes that impact on flood hazards and the natural and beneficial resources of flood-
plains. Perhaps equally important is an understanding of the social processes involved in human
interaction with flood hazards and floodplain natural functions. In addition to understanding the
processes involved, it is necessary to measure and inventory over time the extent and quality of
important floodplain resources and the occurrence and impacts of flood events in order to identify
trends and determine the effectiveness of management efforts.

A detailed description of the current “state-of-the-art” for scientific examination of the various natural
processes associated with flood hazards and floodplain resources is outside the scope of the Assess-
ment Report. Instead, this chapter provides a summary review of efforts to measure and inventory
flood hazards and floodplain resources rather than a review of efforts to evaluate the physical,
chemical, and biological processes associated with flooding. (“Social” aspects of floodplain manage-
ment efforts to reduce losses and protect natural values are addressed in Chapter 9.)

Expansion of the knowledge and information base has been carried out through the combined efforts
of governmental units at all levels, academic institutions, and the private sector. Basic and applied
research into the scientific processes has been largely the responsibility of federal agencies, academic
institutions, and the private sector. Academic and private research is frequently conducted in
cooperation with, and supported by, funding from federal agencies. State (other than state-supported
academic institutions) and local governments have generally assumed a much smaller role with regard
to research, although there are numerous instances of both major research efforts and smaller
contributions by state and local governments.

Inventory and measurement, primarily through data collection and mapping, have been more equally
distributed among all levels of government, as well as in the private sector and academic institutions.
Typically, data are collected at the state and local levels, while the federal government, an academic
institution, or a professional or nonprofit organization assumes responsibility for assembling this
information into formats useful for discerning regional or national trends or status. In other instances,
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with regard to data collected through remote sensing techniques, for example, responsibility for both
data collection and compilation may be found at the federal level.

The last 25 years have witnessed rapid technological advancement in all disciplines and endeavors,
and floodplain management has benefitted from this technological revolution in innumerable ways.
Probably most technological advances are so subtle, indirect, or so thoroughly integrated into everyday
professional life that they go largely unrecognized. Many technical advances have such widespread
application in numerous fields, including floodplain management, that coverage in the Assessment
Report is not appropriate. Other advances, however, deserve mention because they are still new
enough, have resulted in such dramatic changes in floodplain management practices, or are sufficiently
specific to floodplain management and closely related fields.

CLIMATE CHANGE AND WEATHER FORECASTING

Both long-term climate changes and short-term weather conditions can have an important effect on
floodplain management. Knowledge of long-term climate conditions, particularly precipitation, is
needed for design of flood control structures and prediction of flood levels for a given return
frequency. Forecasts of short-term weather conditions are needed to prepare for and defend against
local flooding.

CLIMATE AND CLIMATE CHANGE

In the past, there was little reason to suspect that any large changes in the climate were imminent.
It was therefore assumed that statistical sampling theory could be used to predict important parame-
ters of climate over the next several decades. In fact, one of the basic assumptions of hydrology and
floodplain management for most applications has been that long-term climate is constant. That is,
climatic conditions will be the same in the future as they have been during the period for which
reliable records are available.

Even if the assumptions of a constant climate were correct, the period of direct measurement of
climate conditions in the United States is very short. As a result, the confidence that can be placed
in these measurements for future planning needs is limited. Because of the short historical record
of direct measurement, indirect methods have been developed to extend the climate record. Modern
research techniques such as tree ring dating, carbon 14 dating, and archeological investigations have
revealed little change in mean climate factors, such as temperature and precipitation, over the past
500 years or so.

Over the past few decades, however, evidence suggests that the climate can change rather quickly
(within the time frame of a decade or so) and last for perhaps as long as half a century or more.
Therefore, traditional 30-year averages for various climate parameters often fail to adequately
describe the climate and may be misleading for decisions involving long-term consequences. Studies
revealing no long-term change in mean parameters have shown that short-term variations are common
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and tend to be cyclical. In addition, short-term cycles often appear within longer-term cycles, making
interpretation of data difficult and prediction of future changes problematic.

A recent study (Michaelsen, 1987) illustrates how indirect methods of determining climate variations
can provide valuable information for water resources and floodplain management. Tree ring analysis
was used to estimate the variability of annual rainfall in central California. The study concludes that,
while there have not been any long-term changes in mean annual precipitation over the past 400
years, there have been wide swings in the variability of precipitation over 20- to 30-year periods. In
particular, the period 1920 to 1965 had low variability and low precipitation. Although many
floodplain management concerns are not affected by annual precipitation, it is noted that:

Most of the population growth and dam construction have occurred since the last period of high
variability. An increase in variability, and the associated increase in the uncertainty of water
availability, could put serious strains on the water impoundment and delivery systems in the area,
especially if there is continued growth in population and water demand. (Michaelsen, 1987.)

Certain gases in the earth’s atmosphere trap long-wave radiation emitted from the earth’s surface
and the result is a global mean temperature of 15°C, as opposed to an estimated -18°C without an
atmosphere. This phenomenon is popularly known as the “greenhouse effect” and is necessary for
the continuation of human life. By far the most important greenhouse gas is water vapor, but carbon
dioxide makes a substantial contribution, and smaller contributions come from ozone, methane, and
nitrous oxide (Mitchell, 1990).

During the 1970s and 1980s, evidence increased that human use of fossil fuels was adding to the
quantity of greenhouse gases in the earth’s atmosphere to such an extent as to cause global climate
changes (Karl, et al.,, 1990). Concentrations of carbon dioxide, methane, and nitrous oxide are all
now known to be increasing. In recent years, other greenhouse gases — principally chlorofluoro-
carbons (CFC) — have been added to the atmosphere in significant quantities.

There are many uncertainties in attempting to predict the consequences of the increase in greenhouse
gases on climate. Numerous studies involving complex numerical climate models have been conducted
over the past 10 years in efforts to predict these consequences. Due to the many uncertainties
involved in understanding climate change, these studies have produced a wide range of results. While
most studies predict a significant increase in worldwide average temperatures (global warming), other
studies have actually shown a decrease in worldwide average temperatures. Predictions of impacts
on specific areas of the earth are, of course, equally uncertain and variable (Mitchell, 1989).

In 1988, the World Meteorological Organization and the United Nations Environment Program
created the Intergovernmental Panel on Climate Change (IPCC). The panel was given several
important tasks, including: assessing the likelihood of a future climate change due to human activities,
particularly the emissions of greenhouse gases into the atmosphere; analyzing the possible impacts
of such a change, including socioeconomic impacts; and exploring ways to slow down or stop activities
that lead to such changes (Bolin, 1990).
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The IPCC Working Group charged with the scientific assessment of climate change presented a
number of interesting findings (Intergovernmental Panel on Climate Change, 1990):

e Some greenhouse gases are potentially more effective than others at changing climate, and the
relative effectiveness of these gases can be estimated. Carbon dioxide has been responsible for
over half the enhanced greenhouse effect in the past and is likely to remain so in the future.

¢ Atmospheric concentrations of the long-lived gases (carbon dioxide, nitrous oxide, and the
Chlorofluorocarbons) adjust only slowly to changes in emissions. Continued emissions of these
gases at present rates would commit us to increased concentrations for centuries ahead. The
longer emissions continue to increase at present-day rates, the greater reductions would have
to be for concentrations to stabilize at a given level.

¢ The long-lived gases would require immediate reductions in emissions from human activities of
over 60% to stabilize their concentrations at today’s levels; methane would require a 15-20%
reduction.

¢ Under its scenario for Business-as-Usual emissions of greenhouse gases, the IPCC predicts a
rate of increase of global mean temperature during the next century of about 0.3°C per decade
(with an uncertainty range of 0.2°C to 0.5°C per decade); this rate is greater than the rate seen
over the past 10,000 years. This will result in a likely increase in global mean temperature of
about 1°C above the present value by 2025, and 3°C before the end of the next century. The
rise will not be steady because of the influence of other factors.

e Under the other IPCC emission scenarios, which assume progressively increasing levels of
controls, predicted rates of increase in global mean temperature range from about 0.2°C per
decade to about 0.1°C per decade.

e Under the IPCC Business-as-Usual emissions scenario, an average rate of global mean sea level
rise of about 6 cm per decade over the next century is predicted (with an uncertainty range of
3-10 cm per decade), mainly due to thermal expansion of the oceans and the melting of some
land ice. The predicted rise is about 20 c¢m in global mean sea level by 2030, and 65 cm by the
end of the next century. There will be significant regional variations.

e Global mean surface air temperature has increased by 0.3°C to 0.6°C over the last 100 years,
with the five global-average warmest years being in the 1980s. Over the same period, global sea
level has increased by 10-20 cm. These increases have not been smooth with time nor uniform
over the globe.

¢ The size of this warming is broadly consistent with predictions of climate models, but it is also
of the same magnitude as natural variability. Thus the observed increase could be largely due
to this natural variability; alternately this variability and other human factors could have offset
a still larger human-induced greenhouse warming. The unequivocal detection of the enhanced
greenhouse effect from observations is not likely for a decade or more.

e There is no firm evidence that climate has become more variable over the last few decades.
With an increase in the mean temperature, however, episodes of high temperatures will most
likely become more frequent in the future, and cold episodes less frequent.

¢ Ecosystems affect climate and will be affected by a changing climate and by increasing carbon
dioxide concentrations. Rapid changes in climate will change the composition of ecosystems;
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some species will benefit while others will be unable to migrate or adapt fast enough and may
become extinct. Enhanced levels of carbon dioxide may increase productivity and efficiency of
water use of vegetation. The effect of warming on biological processes, although poorly
understood, may increase the atmospheric concentrations of natural greenhouse gases.

Accelerated Sea Level Rise Due to Climate Changes

As the report of the Intergovernmental Panel on Climate Change indicates, the historical relative
rise in sea level is expected to continue over the next century and, as a result of human-induced
climate changes, the rate of rise is anticipated to increase. The future rate of relative sea level rise,
however, is uncertain. Reports by the U.S. Environmental Protection Agency (EPA) (Hoffman, 1983)
and the National Academy of Sciences (NAS) (Revelle, 1983) during the early 1980s examined the
effect of atmospheric concentrations of greenhouse gases on relative sea level rise. The NAS report
estimated a rise in sea level of 70 cm (2.3 feet) over the next century, given plausible models of
atmospheric warming (Revelle, 1983). The EPA provided several estimates/scenarios of global sea
level rise to the year 2100. Under the EPA’s high scenario, sea level would rise 345 cm (11.3 feet)
by 2100; under the conservative scenario, sea level would rise 56 cm (1.9 feet) by 2100. The EPA
felt that a global sea level rise between 144 cm (4.8 feet) and 217 cm (7 feet) by the year 2100 was
most likely (Hoffman, 1983). The NAS study — Engineering Implications of Sea Level Rise (National
Research Council, 1987) — based its recommendations on the 70 cm rise projected by Revelle (1983)
and curves on either side as the most reasonable envelope of projections for now.

The rate of sea level rise is likely to be higher in some areas than others. For example, the EPA
estimated that prior to the year 2000 along most of the Atlantic and Gulf coasts of the United States,
the rise will be 18 to 24 cm (0.6 to 0.8 feet) more than the global average. Also, the greatest changes
in sea level rise are unlikely to occur until the last half of the next century. All projections were
significantly higher than current trends in sea level rise (defman, 1983).

These and other studies of relative sea level rise have indicated the great uncertainty in predicting
the timing and levels of sea level rise that may be anticipated. The uncertainty is due both to
changing estimates of global warming and likely changes in relative sea level rise in response to global
warming. For example, a National Research Council committee in 1985 predicted that sea levels
would rise about 1 meter with a 3°C increase in global average temperature by the year 2100. On
the basis of information available in 1989, a member of that committee reported that the best
predictions now call for a rise of only about one-third meter with the same levels of increase in carbon
dioxide. However, the rise is expected to occur before 2100, perhaps by mid-century. The range
in these recent predictions varies from a 0.7 meter rise to a 0.1 meter fall in relative sea levels. The
lower predictions for global sea level rise primarily reflect new information concerning how the
Antarctic climate will respond to global warming. Instead of shrinking as earlier believed, new
evidence indicates that the Antarctic ice cap will most likely expand in the coming decades, thereby
removing water from the ocean. As one researcher stated “This means our understanding of the
system is not very good at the moment” (Monastersky, 1989).
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Assuming that global warming occurs and relative sea level does rise, several ways in which sea level
rise would likely exacerbate coastal and other flooding have been identified (Titus and others, 1987):

o Decreased hydraulic head and higher water tables would reduce both natural and artificial
drainage;

e More areas would be flooded by spring tides;
» Storm surges would be higher;

e Areas that were above sea level and relied on gravity drainage would now be below sea level
and have to rely on pumping;

e Wetlands will be lost in many locations where they are blocked from migrating inland by
structural erosion or flood protection measures, or by other types of development and natural
landforms; and

o Increased precipitation in some areas may increase flood frequencies.

Long-Term Precipitation Data

Historic precipitation data are the basis for almost all floodplain studies in the United States where
streamflow data are not available. The primary agency for the collection and archiving of precipita-
tion data is the National Weather Service (NWS).

Twenty five years ago, the U.S. Weather Bureau, now the NWS, planned for one precipitation gage
per 625 square miles for climatological purposes, and about 80% of the planned gages were estab-
lished. For hydrologic purposes, one gage was recommended for every 100 square miles, and for
thunderstorm analysis and flood warning, one gage every square mile (Chow, 1964). In comparison,
the Precipitation-Frequency Atlas of the Western United States, published by the NWS in 1973 and
widely used in 11 western states for hydrologic forecasting, used data from only 38 recording rain
gages, a density of only one gage per 3,100 square miles. In the mid-1980s, the NWS operated only
29 such gages in Arizona, and fewer than 40 NWS recording rain gages were in operation in Utah
and Nevada (Reich, 1988).

Throughout the rest of the United States, the Rainfall Frequency Atlas of the United States (Hershfield,
1961) remains in widespread use. This atlas utilizes data collected from the earliest available records
through 1957 for nonrecording stations, and through 1958 for recording gages. The average length
of record for the longest, nonrecording data was 48 years, and for recording gages only 16 years.

Because of cyclical precipitation patterns noted previously, the limited number of gages used, and
the short length of record of most gage stations, rainfall atlases may not accurately reflect long-term
precipitation frequency. Frequency estimates may be high or low depending on the known precipita-
tion patterns during the limited period of record relative to longer, unknown precipitation patterns.
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WEATHER FORECASTING

The National Weather Service is the federal agency with primary responsibility for the collection and
analysis of weather data useful for floodplain management. With regard to riverine flooding,
precipitation and temperature data are most often used, while for coastal flooding, wind data are
generally most critical. The actual or forecast intensity, extent, and duration of precipitation is used,
sometimes in conjunction with streamflow data, to forecast flooding.

The NWS operates a data collection system that consists of about 230 stations in the 50 states, Puerto
Rico, and across the Pacific Ocean. Most of these stations take both synoptic and base observations.
At locations where data cannot be collected efficiently by NWS personnel, automated weather stations
are installed. The NWS operates about 165 automated stations in the 50 states and offshore. In
addition, the NWS contracts for data collection at about 170 stations, mostly within the 50 states, and
the Federal Aviation Administration (FAA) staffs more than 200 observation stations from which
weather data are collected and provided to the NWS. In marine locations where observations cannot
be made effectively by staff, automated moored and drifting data buoys are used. These data buoys
collect data on several parameters and relay those data by a variety of means, including several
satellites.

To provide near real-time data of river stage and rainfall, a network of Automatic Hydrologic
Observing System (AHOS) stations is operated throughout the 48 conterminous states and Alaska.
Approximately 450 of these sites are automatically interrogated by telephone every six hours, and
an additional 67 stations automatically transmit data via satellite.

The NWS operates 128 weather radar stations that provide information on areal coverage, height,
intensity, and movement of storms for warning, forecasting, hydrological, and climatological programs.

Other data are collected by the NWS from a variety of sources. There are over 1,300 ships that
report data systematically, and 300 other ships report data whenever they are in waters covered by
NWS forecasts. The Solar Radiation Program collects data from 38 stations in the United States,
Guam and Puerto Rico (National Weather Service, 1985).

STREAMFLOW DATA

The vast majority of the stream gages in the United States are operated by the U.S. Geological Survey
(USGS). In 1990, for example, the USGS operated 7,363 daily record stations. With very few
exceptions, the stream gages operated by the USGS are a cooperative effort. That is, a local
sponsor — which may be another federal agency, a state or local agency, or another organization —
pays for part of the operation of each station. For this reason, the addition or removal of a stream
gage from the network is generally decided by the local sponsor. As a result, there is no overall
consistency to this aspect of data collection which is subject, in large part, to budget problems and
political decisions made by the hundreds of local cooperating agencies (Colson, 1991).
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Since the first USGS stream gage was established in 1889, the USGS stream gage network increased
through 1980, but has declined since, largely due to reductions in funding by local cooperators.
Significantly, the number of stations with 21 or more years of data has remained almost constant over
that time, which means that stations with relatively long records are being discontinued.

Almost all of the stream gages are located on larger watersheds. Of 846,000 tributaries in the United
States with drainage areas between one and two square miles, fewer than 60 were gaged (Reich,
1988). Yet, knowledge of runoff from small watersheds is important for many purposes, including
highway drainage design® and urban drainage analysis, and runoff from these watersheds cannot be
accurately extrapolated from data for larger watersheds because the runoff processes and storms are
different for small watersheds.

To partially fill this important gap, the Agricultural Research Service (ARS) has gaged hundreds of
plot-sized watersheds to measure runoff associated with individual land uses and soils. Comparative
runoff plots are generally located at state land-grant universities or at ARS research centers scattered
around the United States (von Wolffradt, 1989).

The United States Section of the International Boundary and Water Commission, United States and
Mexico, operates stream gages on the mainstem and tributaries of the Rio Grande, the Colorado
River, the Tijuana River, and several streams crossing the Arizona-Sonora, Mexico boundary. The
operation of these gages is mandated through treaties and other agreements between the United
States and Mexico and is funded totally with federal monies. The streamflow data have been
published annually since 1931 for the Rio Grande and its tributaries, and since 1950 for the Colorado
River and the other western boundary streams (International Boundary and Water Commission,
1989).

Water data have been published annually by the USGS since 1890. Records furnished by other
agencies are included in the reports when they supplement USGS data and appear to be consistent
and reliable. Streamflow and water level data have been placed in computer files for efficient storage
and retrieval since 1956 (Thomas, 1977). Currently, data from USGS surface-water records are
published annually for each state and maintained on a computerized data base — the National Water
Data Storage and Retrieval System (WATSTORE).

All types of water data are accessed through WATSTORE. The data are grouped and stored in five
files, depending on common characteristics and data collection frequencies. The five files are:

1) STATION HEADER FILE: an index for the 320,000 water data storage sites;

2) DAILY VALUES FILE: more than 240,000,000 daily parameters such as streamflow, ground-water
levels, specific conductance, and water temperatures;

3) PEAK FLow FILE: 460,000 records on annual maximum streamflow and gage height values;

4) WATER QUALITY FILE: 2,300,000 analytical results that describe biological, chemical, and physical
water characteristics; and

! During the late 1960s and 1970s when the federal highway construction program was very active, the USGS
operated crest-stage gages in many basins of 1-2 square mile drainage area (Colson, 1989).
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5) GROUND-WATER SITE-INVENTORY FILE (independent but cross-referenced to Daily Values and
Water Quality Files): data on 850,000 sites (construction history, geohydrologic data, and one-
time field measurements) (Dodd, undated).

Another major source of streamflow data is STORET, EPA’s water quality data base. STORET is
a computerized database system maintained by the EPA for storage and retrieval of data relating
to the waterways within and contiguous to the United States. This centralized database includes
nationwide data on water quality, water quality standards, point source pollution, fish kills, waste
abatement needs, etc. The system is used by federal, state, and local water quality agencies
(Melanson, 1988).

HYDROLOGY AND HYDRAULICS

The availability and ease of use of inexpensive computers have allowed great progress in the
application of accepted methodologies for hydrologic and hydraulic analysis. The potential impact
of small scale development plans (even plans for single structures) on flooding and the susceptibility
of proposed development to flooding can today be evaluated more quickly and inexpensively than
in the past. At the same time, the methodologies themselves can be more easily and inexpensively
evaluated.

Today, computer programs are readily available to evaluate such widely accepted techniques as the
Log-Pearson Type III analysis of streamflow data. Researchers and a few practitioners are using two-
and three-dimensional analysis of flood flows to obtain more realistic and reliable results for some
conditions than are obtainable from the “step-backwater analysis.” Sediment transport models are
being developed, calibrated and applied in many areas.

These various computer-aided techniques allow the development of large area hydrologic and
hydraulic models to evaluate the effects of future urbanization, structures, and other land-use changes.
Only a decade ago, these activities were undertaken only at great expense, and were therefore applied
infrequently.

While the computer revolution has improved many aspects of the sciences of flood hydrology and
hydraulics, it has also opened the door to misuse of the standardized techniques by persons and
organizations not fully cognizant of the assumptions and limits inherent in those methods (Pilgrim,
1986).

HYDROLOGY

Hydrology is the science dealing with the properties, distribution, and circulation of water on the
surface of the land, below the surface, and in the atmosphere. Hydrologic parameters of importance
to floodplain management include: flood peak flows; flood volumes; time of concentration and travel;
rate of rise; water velocities; sedimentation and degradation of flood channels and floodplains; flood
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elevations; the effect of geomorphology on floods and vice versa; the hydraulics of flood channels,
floodplains, and man-made structures; and water quality as it is impacted by floods.

Peak flows are the basis for most aspects of floodplain management. From an analysis of the peak
flow at a particular point on a stream, flood elevations may be computed using various hydraulic
analysis techniques. The primary methods for computing peak flows are contained in Guidelines for
Determining Flood Flow Frequency (Bulletin 17B) (U. S. Water Resources Council, 1981). These
methods are recommended for flood insurance studies performed by study contractors for the Federal
Emergency Management Agency (FEMA), and by most states and communities that have developed
hydrologic procedures for floodplain management purposes.

The U.S. Water Resources Council (WRC) methodology recognizes four categories of flood peak
data: 1) systematic records, from which annual peak flows may be derived; 2) historic data on floods;
3) comparisons of streams with similar watersheds; and 4) the estimation of runoff from precipitation.

Systematic records and historic data are generally subjected to an analysis to determine the statistical
characteristics of the data. These characteristics are assumed to represent all floods at that location.
The analysis most often used assumes a “log-Pearson Type III” (LPIII) distribution of the data.

Comparisons of streams with similar watersheds starts with gage data from a stream or a number
of streams. Flows in ungaged streams are assumed to have similar statistical characteristics, providing
that differences in watershed characteristics are properly accounted for. Generally, a multi-variate
regression analysis is used to determine the relative importance of various watershed characteristics.

“Exceedance probability” is determined from historic flood data and is based on a statistical analysis
that estimates the average frequency with which a flood of a particular magnitude will be exceeded.
This term may be expressed as the probability that a flood will be exceeded in any year (the “annual
exceedance probability”), or as the average recurrence interval (the “n-year flood”). A flood with
a .02 annual exceedance probability has a two percent chance of being exceeded each year (and is
also called a “50-year” flood).

The exceedance probability methodology can be used to:

e Set a design standard (e.g., new facilities must be safe from the one percent annual chance
flood);

o Evaluate a historic flood (e.g., the flood of 1967 has a four percent chance of being exceeded
each year); or

¢ Evaluate an existing policy or structure (e.g, this levee reach provides protection against a 10
percent annual chance flood event).

The methodology is used for many aspects of flood hydrology that directly and indirectly affect flood
losses. For example, at a given point on a stream, it is possible to calculate a variety of one percent
annual chance floods depending on which aspect of flooding is important for management purposes.
For example, floods that produce the highest instantaneous flood peak, the largest flood volume, and
the longest period of flow above a certain quantity can be calculated. The hydrology of those three
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different floods will be critical for the development of elevation standards, reservoir design, and levee
design, respectively.

The estimation of runoff from precipitation (precipitation/runoff analysis) uses knowledge or
assumptions about the hydrologic characteristics of a watershed to estimate the runoff from a real
or theoretical storm. Those characteristics and their inter-relationships are generally mathematically
modelled in a computer program. The most widely used computer models for rainfall/runoff analysis
of flood peaks are the TR-20 developed by the Soil Conservation Service (SCS), and the HEC-1
developed by the U.S. Army Corps of Engineers (Corps). For small urban drainage areas, the SCS
developed a methodology to be applied manually — the TR-55 method. This method has recently
been adapted to a computerized format. For urban drainage where water quality is a concern, the
EPA has developed the Stormwater Management Model (SWMM).

HYDRAULICS

Surface water hydraulics — the mechanical properties of water in motion — are basically controlled
by a relatively few parameters: slope, surface roughness, depth of flow, channel shape and size, and
sediment load. Each of these parameters is interrelated, so that the effect of slope is generally
measured while holding the other parameters constant, and so forth. The effects of most of these
parameters are only estimated by empirical methods.

The most widely used method for calculating river hydraulics is the “step-backwater analysis.” This
method uses channel and overbank topography and other hydraulic parameters to maintain continuity
of mass and energy from one river cross section to the next. The step-backwater analysis is usually
computerized, and may include separate analysis methods for bridges, weir flow, channel modifications
and other special features. The most widely used computer model is HEC-2, developed by the Corps’
Hydraulic Engineering Center (HEC). Other step-backwater models in general use include the WSP-
2 developed by the SCS and the WSPRO developed by the Federal Highway Administration

(FHWA).

Where the expense of a backwater analysis is not justified or affordable, a simple computation is
frequently used for a single point on a stream. This computation — the Manning equation — can
give acceptable results if there are no obstructions downstream that cause a backwater effeci. For
areas of shallow flow, the Manning equation is generally used because backwater is considered to
be a relatively small influence compared to surface roughness.

In some cases, where hydrologic conditions and channel configurations are similar over a large
geographic area, flood depths at a number of existing stream gages are used to estimate flood depths
on other streams that have no gages. This procedure is used for floodplain management purposes
where it is not economically feasible to perform expensive detailed studies. The resultant estimates,
however, are not necessarily accurate.

A special model has been developed by the National Weather Service for estimating inundation from
dam breaks. This DAMBREAK model uses kinematic wave theory to determine flood heights and
is widely used by different federal and state agencies as well as private engineering organizations.
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Substantial progress has been made with regard to the modelling of coastal and riverine flooding.
Coastal flooding is basically a hydraulic process driven by wind and tide effects on open water, by
bathymetry and onshore topography, and resultant wave action. The first coastal flooding model to
receive widespread application was the “Special Program to List Amplitudes of Surges from Hur-
ricanes” (SPLASH) developed by the NWS. This model was used for initial mapping of coastal flood
zones under the National Flood Insurance Program (NFIP). About 1975, the SPLASH model was
replaced by a more sophisticated model called “Sea, Lake and Overland Surges from Hurricanes”
(SLOSH), that can be used to model inundation areas from hurricanes of a particular magnitude,
forward speed, and track.

FEMA and the Corps of Engineers have developed several models and methodologies used for
mapping the one percent annual chance flood in coastal areas. The Coastal Flooding Storm Surge
Model is used for determining stillwater flood elevation from hurricanes along the Atlantic and Guif
coasts. Other models or methodologies may be used in conjunction with or instead of this model.
For example, models or methodologies have been developed to supplement the basic storm surge
model by adding the effects of wave height onto stillwater flood elevation (WHAFIS), adding the
effects of wave runup, and accounting for impacts of marsh grass on floods. Other models have been
developed to address flooding on the Great Lakes, flooding from Tsunamis, Chubasco flooding in
Southern California, Pacific Northwest storm flooding, and “northeaster” flooding in the northeastern
United States. (Federal Insurance Administration, 1985).

FLOOD FORECASTING, WARNING AND RESPONSE

Efforts to forecast riverine and coastal flooding and to warn populations at risk have contributed
greatly to the expansion of floodplain management capabilities. Historically, most of these efforts
have been carried out by the National Weather Service. More recently, private weather forecasting
efforts have also made important contributions.

FLOOD FORECASTING, WARNING AND RESPONSE FOR RIVERINE FLOODING

Historically, most flood warning efforts in the United States focused on larger river basins where
timely and accurate forecasts were possible using the available technology. Hydrologic models for
use on these large river systems were developed by the NWS through its River Forecast Centers.
Data on antecedent conditions, rainfall, and river stages could be combined in the NWS models to
predict the magnitude, time and duration of flood peaks.

On hundreds of smaller streams, the NWS works with local communities to help establish self-help
flood warning systems (National Weather Service, 1985). These cooperative systems rely on a
network of community volunteers to make regular observations of rainfall and/or river levels and to
telephone their observations to the appropriate NWS office. The NWS uses the data gathered by
the volunteers, along with its own data on soil moisture conditions and precipitation forecasts, to run
a hydrological model of the river basin and predict the time and level of flooding. While very
effective in some communities, these programs have inherent limitations. Most notably, observers
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are not always available to collect and report data on precipitation and river levels, particularly during
the night and at remote locations.

Recognizing these limitations, the NWS began developing an autom ated flood warning system in the
late 1970s. The automated system was designed to take advantage of technological advances that
permit real-time collection and transmittal of meteorological and hydrological data from remote
locations to populated areas at risk.

The resulting system was called Automated Local Evaluation in Real Time (ALERT). The complete-
ly automated ALERT system does not rely on volunteer observers. Its major components are:
precipitation gages, river gages, radio transmitters, radio receivers, data encoders and decoders, a
microcomputer, and specially designed software to process the data. Remote rain gages automatically
collect data on amounts and rates of rainfall and transmit this information via VHF radio to a base
station. Similarly, stream gage stations transmit data on the rise in river levels. The data collection
and transmittal from remote locations is generally battery powered. Because the system is designed
for “event reporting” (data transmitted only when there is a predetermined amount of rainfall or
change in stream level), batteries can last a year or more without recharging.

When predetermined critical precipitation and/or stream level values are reached, an alarm is
triggered at the base stations and personnel are placed on alert to monitor the situation closely.
Using the rainfall and river rise information, combined with precipitation forecasts and a hydrologic
model of the stream, NWS personnel are able to accurately forecast floods and provide downstream
officials and residents with increased warning time. Since the information is also received at a local
base station, local officials can, if necessary, initiate flood warnings without waiting for a forecast from
the NWS. The increase in warning time afforded by the automated system is often sufficient to
permit emergency actions that can save lives and reduce property losses.

ALERT systems were initially used in the western United States where sudden rainstorms in the
remote, upper reaches of watersheds can cause flash floods in the lower parts of the watershed where
no rain may have fallen. ALERT systems have now been successfully installed in dozens of locations
throughout the United States, and many more are under development. While the original ALERT
system was developed by the NWS, several private firms have now developed similar systems (L.R.
Johnston Associates, 1986).

Another type of automated flood warning system developed to serve parts of the Appalachian region
is known as the Integrated Flood Observing and Warning System (IFLOWS). This system is more
regional in scope than ALERT systems, more dependent upon NWS warnings, and provides less
opportunity for warnings to be issued by local communities. Recently, some elements of ALERT-type
systems have been incorporated into the IFLOWS.

The availability of inexpensive, highly capable minicomputers and microcomputers is currently making
possible a great increase in the number of flood forecasting systems designed for smaller watersheds.
The true effectiveness of these systems, however, has yet to be fully tested.
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FLOOD FORECASTING, WARNING AND RESPONSE FOR COASTAL FLOODING

Flood forecasting, warning, and response for coastal area flooding has focused on the observation,
measurement and tracking of tropical cyclones and tsunamis.

Technical Advances for Observing Tropical Cyclones

Tropical cyclones spend most of their lives over warm ocean waters and derive much of their energy
from those waters. Before aircraft reconnaissance and weather satellites, the detection of tropical
cyclones was dependent on chance encounters with shipping or populated areas. The first radio
weather report from a ship underway was received in 1905. In the years that followed, the amount
and quality of marine weather data gradually increased. By 1959, the number of observations from
ships during the June to November hurricane season exceeded 64,000. The number has increased
less rapidly since the early 1960s, but this is due to changes in the characteristics of the shipping
industry.

Technological advances since World War II have resulted in more precise tropical cyclone detection,
positioning, and intensity determination. Improved equipment for measuring weather conditions
above the earth’s surface have provided additional knowledge of factors affecting tropical cyclone
motion and intensity. The use of aircraft to obtain data inside hurricanes was found to be feasible
in 1943, and U.S. Air Force and Navy? aircraft have made routine reconnaissance of tropical cyclones
since 1944. Before the operational availability of satellite data around the mid-1960s, these flights
were especially important for the early detection of storms.

An important product of the National Aeronautic and Space Administration (NASA) space program
has been the development of weather satellites — now the standard observational tool for the
detection and monitoring of tropical cyclones. Systematic procedures have been developed to
estimate the location of the center and intensity of the storm. There is now a high probability that
the center (eye) of the storm can be located within 25 nautical miles of its actual position, and that
the intensity can be determined to within 10 knots of actual intensity. Satellites also provide the
means of obtaining direct or indirect measurements of other environmental conditions around the
storm, including wind, temperature, moisture, and rainfall conditions.

Although the first pictures of a tropical cyclone were transmitted by the polar orbiting TIROS-I
satellite in 1960, it was not until 1966 that the first completely operational weather satellite, ESSA-L
was placed in orbit. The ESSA satellites orbited the poles and provided views of tropical cyclones
once per day. By the late 1960s, geostationary satellites allowed continuous daytime surveillance.
The nighttime viewing gap was closed in 1974 with the launch of the first Geostationary Operational
Environmental Satellite (GOES). Since the introduction of continuous weather satellite surveillance,
there is little chance that a tropical cyclone will go undetected.

2 Navy hurricane reconnaissance was discontinued after the 1974 hurricane season.



The Knowledge and Information Base 6-15

Aircraft reconnaissance is still needed, however, to obtain supplemental and more precise environ-
mental data from in and around the storm area. In addition to military aircraft reconnaissance,
several aircraft with sophisticated instrumentation for the collection of detailed data are operated
by the National Oceanic and Atmospheric Administration (NOAA). These aircraft are used primarily
for research purposes but are also useful for operational tracking of tropical cyclones. A significant
milestone occurred during the 1977 hurricane season when the Aircraft Satellite Data Link (ASDL)
communications system enabled measurements taken at 60-second intervals inside a storm to be
transmitted from the aircraft to the National Hurricane Center (NHC) and plotted by computer within
a few seconds.

An extensive network of powerful coastal radars is now in operation. Radar is particularly useful
in detecting sudden changes in the direction of tropical storms within 250 miles of the radar site.
This permits “last minute” adjustments in community preparedness efforts as the storms move ashore.

In recent years, marine meteorological data buoys have been developed and deployed. These floating
data platforms are anchored at strategic locations and transmit observations of wind, pressure, waves,
and ocean and air temperatures in and around tropical cyclones and other weather systems (Neu-
mann, 1987).

Although the technology for observing hurricanes has improved in recent years, the science of
predicting the movement of these tropical cyclones has shown little improvement. The standard error
in a 24-hour forecast of landfall is about plus or minus 100 miles.

Technical Advances for Observing Tsunamis

The need for a tsunami warning system became apparent following the 1946 tsunami that devastated
Hilo, Hawaii, and this need became even more urgent after the 1964 “Good Friday” tsunami in
Alaska. As a result of these events, a warning system was developed that has been expanded and
refined over the years into a comprehensive international tsunami warning system coordinated by
the NWS. At the Pacific Tsunami Warning Center (PTWC) at Ewa Beach, Hawaii, a 24-hour watch
is maintained on a network of tide gages and seismograph stations throughout the Pacific. Whenever
an earthquake of sufficient magnitude to generate a tsunami (at least magnitude 7.5 on the Richter
Scale in the Pacific and 7 along the Pacific coast of Alaska) is detected, NWS personnel work closely
with personnel of the USGS at the National Earthquake Information Center (NEIC) to determine
the epicenter and focal depth of the earthquake.

If the epicenter of the quake is under or near the ocean, and if its focal depth is less than 20 miles
deep, tsunami generation is possible. With this first seismic information, the warning center issues
a WATCH, which alerts participating emergency forces and the general public that a dangerous
earthquake has occurred, and that the possibility of a tsunami exists. Then the warning system turns
to its second line of detection, the Pacific-wide network of tide stations.

When a tsunami is confirmed by tidal gages that can distinguish the “signature” waves of tsunamis
from other types of waves, a tsunami WARNING is issued. This warning alerts all participants to
the approach of potentially destructive waves and gives the estimated arrival times for all locations.
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In recent years, automation and computer and satellite communications technology have dramatically
reduced the time between the detection of a tsunami-generating earthquake and the issuance of
watches and warnings. The GOES satellite, for example, has significantly reduced the transmission
time of sea level and tide data from remote gages in the Pacific. At one time, it took a few hours
to receive data from South America because of communications delays. Now, the data are received
at PTWC in a few minutes from a GOES sea-level network of 26 remote stations that stretches across
the Pacific from Wake Island to Guadalcanal to Easter Island, and along the coast of South America.

Difficulties in tsunami forecasting remain, however. Even when a tsunami is confirmed by tidal gages,
the exact size of the waves is not known nor is the potential for destruction at any given site
(Forrester, 1987).

PRIVATE WEATHER FORECASTING

Weather forecasting was previously almost the sole responsibility of the NWS. Most NWS weather
data (both mesoscale and microscale data), however, is now available to private interests at a modest
cost. Consequently, many private weather forecasting businesses have been established over the past
20 years or so. Although private weather forecasting is dominated by a few very large companies
that cover the entire country, dozens of smaller companies now also provide forecasts.

Typically, the private companies obtain weather data directly from NOAA/NWS com puters and serve
such specialized interests as: local TV and radio stations, public works departments, school districts
and other municipal offices, as well as private industries (shipping and agricultural industries, for
example) with weather-dependent concerns. The advantage that private weather services can offer
these interests is preparation of weather forecasts customized for a particular location and/or time.

TOPOGRAPHIC MAPPING

Topographic information is one of the basic information requirements for floodplain management
and the development of floodplain maps. Topographic maps formed the basis for preparation of
early floodprone area maps, and in areas where detailed floodplain maps have not yet been prepared,
topographic maps are still used to delineate approximate limits of floodplain areas.

The U.S. Geological Survey has been mapping the country for more than a century. Today, most
of the conterminous United States and Hawaii have been mapped at a scale of 1:24,000 (7.5 minute
series) with contour intervals of five to ten feet (contour intervals are greater in mountainous
locations). Alaska is mapped at a scale of 1:63,360 (15-minute series). As shown in Table 6-1,
topographic maps at a scale of 1:24,000 are expected to be published by the end of Fiscal Year 1991
for all states except Alaska. All but a few sections of Alaska were expected to be completed at a
scale of 1:63,360 by the middle of 1990 (Kelley, 1990). Much of the standard topographic mapping
is done on a cooperative basis by the USGS and state agencies. Local governments often prepare
more detailed topographic maps, with scale and contour intervals determined by local conditions.

The USGS is now beginning to convert existing topographic map information to a digital database.
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Table 6-1. Estimated Completion of Primary Topographic Mapping for the United States.

YEAR PUBLISHED OR

STATE FY TO PRINTING T-MAPPING
Alabama 1987 0
Alaska** 1990 (C-Jun90) 0
Arkansas 1987 0
1988 60

Arizona

Connecticut 1951
Delaware 1951
Florida 1978
8

Hawaii 1980 0
Idaho 1990 (C-Jun90) 85 (3rd Quarter FY91)
Llinois 1987 0 *  Maps compiled at 1:24,000-
Indiana 1966 0. scale standards, published in
X 15’ format, now being
Kansa converted to 7 1/2 minute
Kentucky 1957 format. Quarter date is the
Louisana 1989 estimated time of
Mai 1990 (C-Apr90) completion by the mapping
: centers.

e . L
Michigan 1988 0 (C-Sep89 P-Feb90) L6330 ale 15 fornat
Minnesota 1984 0 Estimated date does not
M include the Aleutian Islands

or St. Lawrence and St.

Montana 1989 (C-May89 P-Mar90) 7 (3rd Quarter FY91) Matthews Islands, nor does
Nebraska 1990 (C-Mar90 P-Apr90) 0 it include 9 quads east of
Nevada 1990 (C-Jun90) 157 (3rd Quarter FY91) Unimak Pass (mainland)
3 Q! ; 5 where NMD has perennial

problems in obtaining

oW Jersey 158 0 hotograph

New Mexico 1988 16 (4th Quarter FY90) photography-

New York 1990 (C-Jun90) 0 C = Completed-mapping center
No! i 1988 0 date

P = Published date
Oregon 1990 (C-Jun90) 20 (3rd Quarter FY90)

Pennsylvania 1973 0

Rhode Island

South Dakota
Tennessee
Texas

Utah 1990 (C-Jun90 P-Jul90)

irginia

‘Washington 1990 (C-Jun90) 8 (3rd Quarter FY91)
West Virginia 1978 0

Wisconsin 1985 0

Source:  U.S. Geological Survey, Office of Production Planning and Analysis. 1990.
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SOILS IDENTIFICATION AND MAPPING

The identification and mapping of soils was initially undertaken in support of agricultural needs, but
soils maps and data have proven useful for a great many purposes, including the identification of
floodplains and wetlands. For instance, many of the early maps of floodprone areas used in the initial
stages of the National Flood Insurance Program were based on soils information. Due to the
availability of soil surveys for the entire state, the State of Connecticut established an inland wetlands
protection program in 1974 that delineates wetlands strictly on the basis of soil types that are
designated as poorly drained, very poorly drained, or floodplain and alluvial (Cooper, 1984).

Soil surveys in the United States have been prepared since the late 1800s, but the “modern” soil
survey using improved techniques and standards began in the mid-1950s. Identification and mapping
of soils is performed under the National Cooperative Soil Survey (NCSS), and the Soil Conservation
Service is the agency charged with classifying and mapping soils on nonfederal land in the United
States. By 1983, maps were available for about two-thirds of the land area of the United States
(excluding Alaska), or nearly 1.3 billion acres (Powell, 1983). At the end of fiscal year 1990, the SCS
expects to have mapped just over 1.625 billion acres (Calhoun, 1990). The SCS has established a
goal of completing soil surveys for the entire country by the year 2000 (Rohahey, 1987), and is
currently mapping at the rate of about 40 million acres per year (Calhoun, 1990).

During the 1960s and early 1970s, soil survey field work progressed much more rapidly than publica-
tion of the surveys. Increased use of computerized data bases and word processing and USGS
orthophotography has enabled the SCS to speed the publication of soil surveys. For example, the
number of publications increased from 31 in 1970 to 133 in 1979 and 1980 (Powell, 1983).

While enormous progress has been made in the development and publication of soil surveys,
improvements are needed in several areas. For example, map scales vary from state to state, the
level of detail of soil classification varies, and in many instances supporting information is inadequate
or nonexistent. Along most state boundaries the delineations of soil map units and the composition
of the units do not match (McCracken, 1984).

In an effort to address these and other problems, a committee of the NCSS recommended in March
of 1983 that a nationally consistent general soil map geographic data base be established. In
response, the SCS is beginning to digitize existing soil surveys, and hopes that most of the remaining
soil survey maps can initially be prepared using digital methods, instead of mapping first with conven-
tional methods then converting to a digital base.

The SCS has examined the possibilities of a centralized program for map digitizing, but there is
currently no central directive establishing priorities for digitizing soil surveys. Each state SCS office
working with local officials determines the relative importance of digitizing soils maps. Most current
digitizing efforts are being conducted on a pilot basis for specific projects and to determine the best
procedures. Among the states that have active soils digitizing programs are New Jersey, Vermont,
New York, Connecticut, and North Carolina.
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The central office of the SCS has been testing different types of digitizing software, and is currently
operating seven pilot test sites in its state area and field offices to test different applications of this
software. There is also a cooperative agreement with the University of Missouri to develop and scan
soil surveys (Rohahey, 1987).

MAPPING OF FLOOD HAZARDS

The delineation of floodplains on maps is a basic necessity for floodplain management. Floodplain
maps support a variety of structural and nonstructural flood damage reduction measures and are
useful in helping to identify and support decision-making with respect to many floodplain natural
values.

Prior to the enactment of the National Flood Insurance Act (NFIA) in 1968, federal floodplain
mapping activities consisted of the programs of the Corps of Engineers, SCS, USGS, and the
Tennessee Valley Authority (TVA). There was no national standard for preparing floodplain maps,
and each agency mapped floodplains according to their individual authorities and missions. Some
mapping was done on a project-by-project basis or following major floods, but most mapping was
for systematic use in assisting state and local floodplain management efforts.

EARLY MAPPING

Some of the tools of “modern” floodplain management were applied to certain types of floodplain
activities during the first part of this century. Particularly in the area of public works, including the
design of transportation facilities, there was attention to the return periods of floods, flood elevations,
and scour potential. For safety purposes, dams and spillways were sized to pass large, infrequent
floods; and culverts were either designed using hydrologic computations or local flood experience.
Although several federal agencies had developed techniques for estimating flood peaks, uniform
standards for floodplain development were not used by most local planners.

In an early effort to assist community planners manage floodplain development, the TVA began
mapping floodplains in 1953 (Tennessee Valley Authority, 1983). The Corps of Engineers, SCS and
USGS began producing floodplain maps a short time later.

Tennessee Valley Authority Mapping

The flood hazard information developed by the TVA for the early reports included data on historical
floods and on a hypothetical flood that was termed the “maximum flood of reasonable regional
expectancy.” The development of the hypothetical flood led to numerous problems regarding its
potential application for local land-use planning purposes. The unwieldy name — “maximum flood
of reasonable regional expectancy” — hindered its acceptance for regulatory purposes; the regional
areas used in its determination were poorly defined; the flood event was very large; and it would be
expected to occur very infrequently. As a result, many local officials would not accept this hypotheti-



6-20 Changes in Floodplain Management Since the 1960s

cal flood as the basis for regﬁlating floodplain land-use, and state planners considered it to be too
large a flood to be reasonable for local planning efforts.

On the other hand, the TVA was hesitant to develop a lesser flood measure since this might imply
that it was recommending a lesser planning standard for all aspects of floodplain management. A
decision was finally reached to compute two hypothetical floods — a “maximum probable” flood
and a “regional” flood. The maximum probable flood was used at that time by the TVA in the design
of TVA flood control works. The maximum probable flood was approximately equivalent to the
Corps of Engineers’ standard project flood, and was generally somewhat larger than the TVA’s flood
of “reasonable regional expectancy.” Determining the flood of “reasonable regional expectancy”
involved defining a flood comparable in magnitude to the largest known floods on similar streams
within 60 to 100 miles of the stream reach under study.

The regional flood for most streams studied was significantly smaller than the flood of reasonable
regional expectancy or maximum probable flood, and rapidly became the standard for floodplain
regulations within the Tennessee Valley. TVA engineers felt that the regional flood was large enough
for that use, and the state planners felt that it was defensible as fair and reasonable since it was based
on actual flood occurrences in the vicinity of the studied streams. As a result, the regional flood was
more rapidly comprehended by local officials and citizen members of the planning commission who
would ultimately be called upon to enforce the regulations.

Except for the addition of the regional flood, the basic data contained in the TVA’s flood hazard
information reports did not change substantially until the mid-1970s. At that time, the TVA began
to include the “100-year” (and sometimes the “500-year”) flood profiles and flooded areas in the
reports, generally in response to requirements of the National Flood Insurance Program (Wright,
1989). As shown in Table 6-2, through 1988 the TVA had published 238 Flood Hazard Reports
(Tennessee Valley Authority, 1988).

Soil Conservation Service Mapping

The Soil Conservation Service began cooperative floodplain mapping efforts with other agencies in
1936. Following passage of the Small Watershed Program in 1954, formal studies were carried out
in coordination with other federal and local agencies. Through September 1988, 260 Cooperative
River Basin Studies and 442 Flood Plain Management Studies had been completed. Of the Coopera-
tive River Basin Studies, 245 had a flooding component and flood hazard maps were developed for
about 120 of these studies. All of the Flood Plain Management Studies resulted in the preparation
of flood hazard maps for the rural communities studied (von Wolffradt, 1988).

U.S. Geological Survey Mapping

The Geological Survey initiated special flood studies in 1902 with a report on the Passaic River flood
in northeastern New Jersey. The concept of the flood magnitude-frequency relationship was
introduced around 1913. In 1959, the USGS began publishing flood maps, and its 1961 flood atlas
for Boulder, Colorado was the first atlas to show boundaries for the “25-year,” “50-year,” and “100-
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year” floods. The USGS has published over 13,000 maps of communities with known flood problems
(Haupt, 1988).

U.S. Army Corps of Engineers Mapping

In 1960, Congress specifically authorized the Chief of Engineers to compile and disseminate informa-
tion on floods and flood damages, and to develop general criteria for the use of floodplain areas.
As part of this authorization, the Corps of Engineers initiated the flood plain information study
program in 1962 to provide engineering assistance to local interests. In 1966, the Corps’ authority
was expanded to include the provision of information and technical assistance to other federal

agencies.

Also, Executive Order 11296 specified the Secretary of the Army as the primary source of floodplain
information to be used in locating federal facilities and disposing of federal lands. Between 1963 and
1976, the Corps completed about 2,000 floodplain information studies (including delineations and
profiles) for about 4,000 places and prepared over 500 special flood hazard reports. These studies
and reports were used for a wide range of floodplain management and flood control activities (Flood
Plain Management Services, 1988).

Table 6-2. Community Flood Hazard Reports Prepared by the TVA, 1954-1988.

NUMBER NUMBER
YEAR PUBLISHED YEAR PUBLISHED
1954 8 197 2
1955 8 1972 4
1956 10 1973 3
1957 27 1974 4
1958 13 1975 6
1959 14 1976 1
1960 18 1977 0
1961 13 1978 1
1962 11 1979 0
1963 7 1980 0
1964 11 1981 2
1965 8 1982 4
1966 11 1983 10
1967 8 1984 3
1968 6 1985 3
1969 6 1986 5
1970 4 1987 4
1988 3

TOTAL REPORTS PUBLISHED: 238

Note:  In addition, 322 flood insurance studies have been
prepared for the FIA.

Source:  Tennessee Valley Authority. December 1988.
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MAPPING FOR THE NATIONAL FLOOD INSURANCE PROGRAM

Mapping for the National Flood Insurance Program is carried out principally by the Federal Insurance
Administration (FIA), the Corps of Engineers, the Soil Conservation Service, the Tennessee Valley
Authority, the U.S. Geological Survey, and the states and communities participating in the NFIP.

Federal Insurance Administration Mapping

Federal mapping of floodplains for the NFIP began in 1968 when the FIA set about identifying
floodprone communities and producing Flood Hazard Boundary Maps (FHBMs) for identified
communities. (The FIA was originally under the Department of Housing and Urban Development
(HUD) and is now part of FEMA.) The early FHBMs were intended to be temporary maps,
prepared quickly under a Congressional deadline to delineate floodplain boundaries in all floodprone
communities. More than 17,000 FHBMs were produced. While these maps incorporated information
available from maps prepared by other federal agencies, the FHBMs showed only the approximate
boundaries of floodprone areas within communities. For many communities, however, these maps
were the only source of floodplain information available for a decade or more. Nevertheless, since
the FHBMs depicted only approximate floodplain boundaries, they provided many communities with
only a limited basis for floodplain management.

At the same time as the temporary FHBMs were being prepared, the FIA entered into cooperative
efforts with other federal agencies and into contracts with private engineering firms to: 1) develop
methodologies suitable for preparing more detailed maps (e.g., “step backwater models,” surge
models, and wave height models); 2) to conduct Flood Insurance Studies (FISs) based on these
methodologies; and 3) to prepare detailed floodplain maps (Flood Insurance Rate Maps (FIRMs))
that would be more suitable for floodplain management and flood insurance purposes.

As of September 1990, more than 12,000 new flood risk studies had been initiated by the FIA and
over 1,700 restudies undertaken at a cost of nearly $900 million as shown in Table 6-3. Figure 6-1
shows the number of new study and restudy initiations by fiscal year. The FIA spends about $36
million annually to keep published flood risk information updated and current, and to provide detailed
flood risk data where none existed before. Of this amount, about $4 million is spent annually to
distribute about seven million maps to states, communities, lenders, agents, banks, consultants, and
others.

The National Flood Insurance Act authorized the FIA to use the technical expertise of federal and
state agencies and private firms to complete Flood Insurance Studies. In addition to contracting with
numerous private firms, FEMA has utilized the resources of the Corps of Engineers, USGS, SCS,
TVA, NOAA, the Bureau of Reclamation (BOR), the Delaware River Basin Commission, and the
Susquehanna River Basin Commission on a reimbursable basis to perform this work.

For the period 1969-1974, Flood Insurance Studies were carried out almost exclusively by federal
agencies. During 1975-1979, studies were conducted by both federal agencies and private engineering
firms, with the percentage performed by private firms increasing until 1979. Study initiations for 1980-
1984 were at a minimal level, and the number prepared by federal agencies was about equal to the
number prepared by private firms. Table 6-4 shows the breakdown of new study initiations for fiscal
years 1984-1990 (Federal Emergency Management Agency, 1991).



The Knowledge and Information Base 6-23

Table 6-3.

National Flood Insurance Program: Flood Studies and Surveys, Historical Statistics
as of September 30, 1990.

NFIP COMMUNITY STATUS:

Participating Communities in the Emergency Program . ............... ..., 280
Participating Communities in the Regular Program ..................... 18,023
Nonparticipating (with flood hazard identified) ................onan.n 2,483
Total COMMUNIEIES + v v o vt ettt it eesiaenaneeasoonsonsonnenanonss 20,506
MAP STATUS:

Emergency Program (Mapped) ....... ...ttt 251
Regular Program (Mapped) . .. ..o vriiiiiiii it 15,904
Nonparticipating (Mapped) .......orieiinii i 2,483
Total Mapped . ....ivniiiii it et it 18,638
Regular Program with No Special Flood Hazard Area (Nonfloodprone) ...... 1,788
Emergency Program with Hazard Areastobe Mapped ..................... 67
INTTIAL RATE STUDY STATUS (TYPE 15):

Rate Studies and Existing Data Studies Completed ..................... 11,653
Rate Studies in Progress at Study Contractors . ..... ettt 10
Rate Studies Under Review . .. .......... ..., @ et et aa s 404
Existing Data Studies in Progress ..........c.ovitieeriiiieiiinenennn. 79
Total Studies . .....cciiiii it i it i i i e e 12,146

RESTUDY STATUS (TYPE 19):

Restudies and Existing Data Studies Completed ........ e, 1,132
Restudies in Progress at Study Contractors ............c..ceeeniecennns 237
Restudies Under Review . ........itniiiiiinnniiiennnncecaracnreenns 265
Existing Data Restudies in Progress . ........ccoieiiiiiniiiinenanaas 92
Total Restudies ..o vvie i seiiiriineeanaaocaecsssarosssnsnonannans 1,726
HisTORICAL COSTS: (Millions)
Total Appropriations .. .......c.couiieeinnrnnroneneenenceansennns $873.0
1T = R 354.8
2T T | 92.2
Technical Review and Cartographics . .......oiieiieiieniieeeennnes 194.1
Revisions/FHBMS/LOMAS/LMMP .. ... iiiteiniieiniieenennnns 94.8
Printing/Distribution . ........oiiiiiiiiariiiii it it 46.8
Miscellaneous Program Support (Appeals, Special Studies, Projects) .......... 89.7
Digitizing NFIP Maps .. .....ouitiniiiieiiietreeractnnnsensansans 0.6

Source:  Federal Insurance Administration. Unpublished data. 1991.
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National Flood Insurance Program: Study Initiations by Fiscal Year.

<9

SQO6I 2y2 22uS JuawaSvuvpy wipydpoold ui sasuvyD



The Knowiedge and Information Base 6-25

Table 6-4. Breakdown of Flood Insurance Studies and Restudies for Fiscal Years 1984-1990.

ARCHITECT- FEDERAL

ENGINEER AGENCY TOTAL
FY INITIATIONS INITIATIONS INITIATIONS
1984 312 195 507
1985 263 626 289
1986 394 202 596
1987 412 41 453
1988 227 61 288
1989 192 69 261
1990 118 125 243

Source: Federal Insurance Administration. 1991.

Corps of Engineers Mapping

A great deal of effort on the part of the Corps of Engineers’ Flood Plain Management Services
(FPMS) Program has been in support of the NFIP. Much of the data generated for the Corps’ flood
plain information reports were used to provide flood insurance mapping for FEMA. The Corps
phased out its flood plain information report program to avoid duplicating the effort of Flood
Insurance Studies. Reimbursable work by the Corps to prepare FISs represents a major floodplain
management effort. By 1985, the Corps’ FPMS Program had administered $117 million to prepare
2,600 FISs for the NFIP (U.S. Army Corps of Engineers, 1988). Table 6-5 shows floodplain mapping
studies by the Corps of Engineers from 1969 to 1988.

Soil Conservation Service Mapping

The Soil Conservation Service started its first Flood Insurance Study for the Federal Insurance
Administration in 1969 on a reimbursable basis. Through 1987, the SCS had begun 496 studies and
completed 477 for the FIA. Under Section 6 of the Watershed Protection and Flood Prevention Act
of 1954, the SCS began working on Flood Plain Management Studies in 1970. These studies are
funded by the SCS, sometimes with financial participation by local sponsors, and are performed to
meet the requirements of the NFIP. Through 1987, the SCS had initiated 491 Flood Plain Manage-
ment Studies and completed 409. Table 6-6 gives an annual tabulation of study completions for both
types of studies. Flood Plain Management Studies and FISs include floodplain delineations and flood
profiles (U.S. Department of Agriculture, 1979; von Wolffradt, 1987).
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Table 6-5. Floodplain Mapping Studies by the Corps of Engineers, 1969-1988.

FLOOD

FLOODPLAIN
INSURANCE INFORMATION SPECIAL FLOOD HAZARD

YEAR STUDIES STUDIES INFORMATION STUDIES
1969 20 125 40
1970 80 125 50
1971 185 150 50
1972 130 200 50
1973 160 225 60
1974 110 225 60
1975 260 250 75
1976 430 250 75
1977 310 0 85
1978 200 95
1979 260 85
1980 20 80
1981 15 75
1982 70 25
1983 170 15
1984 140 20
1985 95 25
1986 80 30
1987 130 45
1988 25 55
TOTAL 2890 1550 1095

Source:

U.S. Army Corps of Engineers, 1989.

Tennessee Valley Authority Mapping

As a result of establishment of the NFIP in 1968, the Tennessee Valley Authority curtailed its
program for publishing flood hazard information reports in favor of flood insurance studies prepared
by the FIA. Since the early 1970s and through 1988, 322 flood insurance studies have been completed
for communities in the Tennessee River watershed. Most of these studies have been carried out for
the FIA by the TVA under a contractual arrangement.

A program as large as the NFIP mapping effort has not been without controversy. Most early
concerns were related to disagreements over the level of detail, and therefore cost, that was appropri-
ate in such an extensive effort. Most concerns during the past ten years have been related to
differences between the mapping needs of floodplain managers and the needs of flood insurance
insurers and agents. These concerns and other aspects of the NFIP mapping program are described
in Chapter 11 in the section on Floodplain Regulations.
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Table 6-6. Floodplain Mapping Studies by the Soil Conservation Service.

FLOODPLAIN FLOOD INSURANCE
MGMT. STUDIES STUDIES
FISCAL
YEAR START COMPLETE START COMPLETE
1969 0 0 1 0
1970 2 0 16 3
1971 4 2 61 3
1972 21 1 39 61
1973 27 5 24 23
1974 61 12 14 8
1975 35 20 37 8
1976 37 48 86 21
1977 12 32 52 37
1978 15 33 41 40
1979 20 37 64 54
1980 28 31 5 81
1981 22 25 0 42
1982 56 19 13 24
1983 33 27 13 19
1984 56 36 13 9
1985 29 40 0 3
1986 18 29 8 15
1987 19 28 9 15
TOTAL 491 409 496 477

Source:  von Wolffradt, Donald B. Soil Conservation Service, U.S. Department of Agriculture. Personal correspondence, 1987.

U.S. Geological Survey Mapping

The U.S. Geological Survey has been preparing maps of floodplains for the NFIP since 1968. Table
6-7 shows that the USGS has initiated approximately 581 flood insurance studies since fiscal year
1985. In 1985, the USGS formalized limited-detail study methods for application to flood insurance
studies (Cobb, 1985). Limited-detail methods identify only the profile and boundaries for the one
percent chance flood, and do not identify a floodway. In cooperation with the NFIP, the USGS, from
March through September 1984, evaluated streams in 2,349 communities for the application of
limited-detail study methods.
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Table 6-7. Studies for Flood Insurance Purposes by the U.S. Geological Survey Since 1985.

FISCAL FLOOD INSURANCE
YEAR STUDY STARTS
1985 482 (a)

1986 13

1987 10 (b)

1988 28 (b)

1989 13 (b)

1990 18 (b)

1991 17 (b)

(a) 471 of these were limited-detail studies.
(b) Approximate number of studies started.

Source:  Cobb, Ernest D. U.S. Geological Survey. 1991

STATE AND COMMUNITY FLOODPLAIN MAPPING

A 1988 survey (Association of State Floodplain Managers, 1988) showed that 23 states fund and
prepare their own floodplain maps to complement the NFIP program. Reasons for state-initiated
mapping included:

¢ 16 states map areas to provide greater detail, better scale, or other map improvements.
o 12 states map areas to reflect changes in development or hydrology.

o Six states map areas for flood control planning purposes where mapping must be of greater detail
and go beyond corporate limits.

o Three states map unique flood hazards or special natural values such as wetlands.

As examples of state and community floodplain mapping: Colorado has shared costs with FEMA to
have flood studies transposed on topographic maps with two-foot contour intervals at a scale of 1"
= 200". The State of Alaska has a program to map “geophysical hazard areas.” Minnesota shares
costs with communities that request updated maps. The communities provide surveying and topo-
graphic mapping and the state provides the hydrologic and hydraulic computations and delineations.

A few states have mapped landslide hazards, generally in limited areas where the risk is extremely
high or where there is rapid urbanization. Some states have adopted regulations for geologic hazards,
but only California has followed through with standards and codes (National Research Council, 1985).
California has also legislated the mapping of landslide hazards by the State Geologist and, beginning
in 1984, budgeted about $300,000 annually for this purpose (Kockleman, 1986). The Utah Legislature
has also appropriated funds for state-wide mapping of debris-flow hazards (Christenson, 1986).
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As with the states, communities have generally not been involved in floodplain mapping, although
there are numerous exceptions. Communities have become more involved, particularly in the past
few years, as federal mapping (or remapping) funds have decreased. Beginningin 1985, local financial
participation in mapping, through joint funding or other contributions, has improved a community’s
priority rating for receiving federal funds for remapping.

Also, several large western communities have begun mapping flood hazards on their own in response
to their unique floodplain management situations, and in accordance with comprehensive local
programs requiring more specialized mapping. These community mapping efforts consider future
condition flooding, watershed management, erosion, and/or larger flood peaks than those used by
the FIA for flood insurance purposes.

In addition, private consultants frequently conduct hydrology or drainage studies for subdivisions and
other developments. Prior to the 1970s, such studies were not required as frequently as they are now
because of the lack of sophisticated analytical capabilities as exist today, and the lack of ability, on
the part of most communities, to review such studies. These studies form the basis for many amend-
ments and revisions to original FIRMs.

UNDERSTANDING AND MAPPING OF WETLANDS

Significant improvements in wetlands mapping have also occurred. In the mid-1960s there was limited
appreciation of the role of inland and coastal wetlands in providing a variety of useful and vital
functions. Beginning in the 1970s, there has been significant improvement in both the scientific and
public awareness of wetland values and, as a result, much effort has been put into the mapping of
wetlands. Many states have developed their own mapping programs, and it is at the state level that
much of the mapping of wetlands has occurred. The mapped information is not entirely uniform
because of different approaches (based on soils or vegetative criteria, for example) used to define
wetlands.

National Wetlands Inventory Project

~ Wetlands mapping on a national basis is being performed by the U.S. Fish and Wildlife Service
(FWS). This program, known as the National Wetlands Inventory Project (NWI) was established
in 1974 to provide scientific information on the extent and characteristics of the Nation’s wetlands.
As part of the program, two types of information are being prepared: 1) detailed maps; and 2) status
and trends reports. Detailed wetland maps are needed for impact assessment of site-specific projects,
and are used by local, state and federal agencies and by private organizations for many purposes,
including the development of comprehensive resource management plans, environmental impact
assessments, oil/chemical spill contingency plans, natural resource inventories, and wildlife surveys.
Wetland maps are also used to support facility siting and permit review decisions. National estimates
of the current status and trends (in terms of losses and gains) of wetlands are needed to provide
improved information for reviewing the effectiveness of existing federal programs and policies, for
identifying national or regional problems, and for general public awareness (Tiner, 1984).
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Two series of wetland maps are being prepared: 1) small-scale (1:100,000 or 1:250,000); and 2) large-
scale (1:24,000). The 1:100,000 scale maps cover approximately 1,700 square miles and cover the
same area as 32 1:24,000 scale maps. The 1:100,000 scale maps are used chiefly for watershed and
regional planning and are now being produced in only limited areas where map users provide funding
for map preparation. The primary map product is the large-scale map showing the location, shape,
and characteristics of wetlands and deepwater habitats transposed on a USGS base map. Wetlands
are classified according to the FWS wetland classification system, and the detailed maps may be used
for site-specific project evaluation.

Seven major steps are involved in the preparation of NWI maps:

1) preliminary field investigations,

2) interpretation of high-altitude photographs,
3) review of existing wetlands information,

4) quality control of interpreted photos,

5) draft map production,

6) interagency review of draft maps, and

7) final map production.

An evaluation of NWI maps by the University of Massachusetts determined that the maps had
accuracies above 95 percent (Tiner, 1987).

Through mid-1990, wetland mapping had been completed for eleven states: Arizona, Connecticut,
Delaware, Hawaii, Maryland, Massachusetts, New Jersey, Pennsylvania, Rhode Island, Vermont, and
Virginia. Mapping of West Virginia was almost completed. The NWI has finished mapping for 65
percent of the conterminous 48 states and 20 percent of Alaska (Gooklin, 1990).

Functional Values of Wetlands

Numerous attempts have been made to develop methodologies to assess the functional values of
wetlands. In 1981, over 40 methods for evaluation of wetlands existed. In 1979, the Water Resources
Council examined the state-of-the-art in wetlands evaluation as part of a series of workshops on
“Emerging Issues in Wetland/Floodplain Management” (Balco, 1981). An analysis of 20 existing
methodologies was carried out by the Corps’ Waterways Experiment Station (Lonard, 1981).

The two basic kinds of wetlands evaluation involve:

o Determining the relative ecological value of the wetland (i.e., the quality of the wetland as
compared with other wetland sites, or its suitability for supporting wildlife), sometimes referred
to as “scaling and weighing approaches”; and

¢ Comparing natural wetlands to human ecosystems and reducing wetland values to monetary
terms (i.e., comparison of the ecological value of the habitat against the economic value of some
proposed activity that would destroy or modify it), sometimes referred to as “common denomina-
tor approaches.”
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However, “. .. there is no universal agreement about which [approach to valuation of wetlands] is
preferable. In part, the choice depends on the circumstances” (Mitsch, 1986).

Much of the impetus for development of the various evaluation methodologies stems from federal
regulatory and water resources planning requirements. Agencies that have played a major role
include the Corps of Engineers, SCS, FHWA, and the FWS. In addition, other methodologies have
been developed for use by states in their wetland regulatory programs. Many of these methodologies
borrow from, or integrate, concepts of the approaches developed by the federal agencies.

The natural and functional values of wetlands are described in greater detail in Chapter 14.

Wetland Restoration and Creation

Wetland restoration, creation or enhancement efforts have received a great deal of attention in the
last several years and many projects have been undertaken. The success of these projects is difficult
to determine, however, for several reasons, including lack of specific project goals, limited monitoring,
and the short time that has elapsed since most projects were completed.

While it is impossible to fully duplicate natural systems, new or restored wetlands with many of the
characteristics of natural systems can be established in some circumstances. It may not be possible,
however, to create all wetland types or functions. Particularly during the early years of wetland
creation projects, the wetlands may have very different functions than the wetland systems they are
intended to replace (Kusler, 1986).

In 1986, the EPA adopted a Wetlands Research Plan designed to: 1) improve methods of creating,
restoring, and enhancing wetlands and wetland functions; 2) to provide guidance for the design of
effective projects; and 3) develop methods for evaluating the potential and actual success of projects.
In 1989, the EPA released its first major publication resulting from research under the Wetlands
Research Plan. The report, Wetland Creation and Restoration: The Status of the Science (Kusler and
Kentula, 1990), found that:

e Practical experience and the available science base on [wetland] restoration and creation are
limited for most [wetland] types and varies regionally.

¢ Most wetland restoration and creation projects do not have specified goals, complicating efforts
to evaluate “success.”

e Monitoring of wetland restoration and creation projects has been uncommon.

o Restoration or creation of a wetland that “totally duplicates” a naturally occurring wetland is
impossible; however, some systems may be approximated and individual wetland functions may
be restored or created.

e Partial project failures are common.

e Success varies with the type of wetland and target functions, including the requirements of target
species.
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o The ability to restore or create particular wetland functions varies by function.
o Long-term success may be quite different from short term success.
» Long-term success depends upon the ability to assess, re-create, and manipulate hydrology.

» Success often depends upon the long-term ability to manage, protect, and manipulate wetlands
and adjacent buffer areas.

o Success depends upon expertise in project design and upon careful project supervision.

s “Cook book” approaches for wetland restoration or creation will likely be only partially success-
ful.

Wetland restoration/enhancement and creation, along with a related management technique known
as wetland mitigation banking, are described in Chapter 14.

UNDERSTANDING OF OTHER NATURAL AND CULTURAL RESOURCES

Rivers, streams, coastlines, and adjacent floodprone land contain some of the Nation’s most important
natural resources. Many communities were established along the Nation’s water bodies, and some
of the oldest developments and most significant cultural resources are found in and near floodplains.
Significant advances have been made with regard to the overall understanding of natural resource
functions and the importance of maintaining the Nation’s natural and cultural heritage. Various
information and data sources have been developed which have aided this understanding. These
include sources of data and information on: natural and/or cultural resources (including resource
quality and quantity); biodiversity; endangered and threatened species; unique resources; and environ-
mental and cultural resource locations, sites and networks.

Increasingly sophisticated information on the above subjects is being assembled and presented in a
variety of forms and formats. Perhaps the greatest progress has occurred in developing information
management systems. Many information sources now use computer-based data storage and retrieval
systems to manage large and dynamic data bases that include both federal- and state-derived
information. Many systems are linked together and can be very useful in assessing resource informa-
tion for a variety of purposes and needs. The systems can be used to assess the type and extent of
the natural and cultural resources of the Nation’s floodplains and can aid in determining the value
of those resources. Other data systems can be reduced to information on a particular stream or
stream segment. The following examples, which were principally reported in a U.S. Environmental
Protection Agency study, demonstrate the magnitude and breadth of current data and information
systems (U.S. Environmental Protection Agency, 1990).

® U.S. ENVIRONMENTAL PROTECTION AGENCY: The EPA maintains several dozen water quality-
related data bases containing state, EPA, and other federal agency data. Most of this information

is linked together for access using the stream reach (segment) coding structure in the EPA’s
STORET data base. The EPA data bases, individually and through linkages that have been and
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are being developed, can be very useful in assessing water quality. The EPA’s BIOS data base
contains descriptions of the distribution, abundance, and condition of aquatic organisms and their
habitat at sampled sites.

® U.S. DEPARTMENT OF THE INTERIOR: The Department of the Interior (DOI) also has extensive
computer-based systems for natural resources data, including the Water Data Storage and
Retrieval System (WATSTORE) and the National Water Data Exchange (NAWDEX). Both
of these systems are managed by the U.S. Geological Survey and compile water data being collect-
ed from tens of thousands of sites throughout the Nation. The USGS also manages land-use data
(40 different types) for the entire Nation based on LANDSAT satellite imagery collected primarily
in the mid-1970s. The National Wetlands Inventory (NWI) being carried out by the U.S. Fish
and Wildlife Service (FWS) and includes development of a computerized mapping scheme for
the entire country. The NWI contains vegetation data for 3,500 wetlands species, ecological
community types, and classification according to wetlands types. The FWS prepares an annual
list of all National Wildlife Refuges and other lands under its control. The FWS also maintains
a national survey of fishing, hunting, and wildlife-associated recreation.

The Nationwide Rivers Inventory developed by the National Park Service (NPS) lists over 1,500
river segments (approximately 62,000 miles) thought to have sufficient natural or cultural
attributes to qualify for consideration for inclusion in the Nation’s Wild and Scenic Rivers System.
The NPS National Natural Landmarks Program provides a register of significant natural areas
illustrating the diversity of the natural heritage of the United States. Maps of these areas have
been prepared along with information on their ecological and geological characteristics. The NPS
also operates the National Register of Historic Places which catalogs thousands of cultural and
historic sites throughout the country.

The DOI's Endangered Species Information System contains information on species listed under
the Federal Endangered Species Act, including their status as endangered or threatened, and
factors contributing to their present status. The Endangered Species Information System provides
information on the habitat types associated with various species, current and past species location
by county and state, watersheds/subunits where the species are found, and counties and states
with designated critical habitat.

® THE NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION: The U.S. Department of Com-
merce’s National Oceanic and Atmospheric Administration (NOAA) is the Nation’s principal
marine science agency. NOAA produces and maintains natural resources data primarily through
the National Ocean Service (NOS) and the National Marine Fisheries Service (NMFS). The NOS
compiles data and conducts assessments relating to issues of coastal marine and estuarine
environmental quality. Through its National Status and Trends (NS&T) Program, the NOS
monitors the spatial distributions, temporal trends, and biological effects of over 70 contaminants
in sediments, mollusks, and fish at over 300 coastal sites throughout the United States. The fish
monitoring component of the NS&T Program (the Benthic Surveillance Project) is conducted in
partnership with the NMFS. The NOS also maintains a comprehensive data base on the health
and status of over 100 U.S. estuaries through its National Estuarine Inventory (NEI). As part
of its Coastal Zone Management Program activities, NOS has developed a National Coastal
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Wetlands data base, containing acreage estimates for 10 wetland habitat types encompassing over
27 million acres of the contiguous United States. Through its Estuarine Living Marine Resources
(ELMR) Program, the NOS is compiling a comprehensive data base on the spatial and temporal
distribution and relative abundance of approximately 150 fish and invertebrate species in over
100 U.S. coastal estuaries. The NOS’s National Coastal Pollutant Discharge Inventory (NCPDI)
contains estimates for all point, nonpoint and upstream sources of pollutants discharged into
coastal waters of the contiguous United States. The NMFS administers comprehensive data bases
with information on commercial and recreational fisheries of the United States and foreign catches
in the U.S. Exclusive Economic Zone. Through Regional Fisheries Management Councils, data
bases are compiled for the NMFS pertaining to the conservation and management of living marine
resources in the United States.

® U.S. DEPARTMENT OF AGRICULTURE: Within the Department of Agriculture, the Soil Conserva-
tion Service maintains a National Resources Inventory which is a national survey based on 160-
acre units. Each unit contains data on land use, conservation practices, soil type, and erosion
characteristics. The U.S. Forest Service has information on land areas within the National Forest
System including designated wilderness areas, primitive areas, recreation areas, and wildlife pre-
serves.

® STATE AND PRIVATE DATA SOURCES: State and private data sources include state natural
heritage programs that identify elements essential to preservation of biological diversity, and
provide information on the existence and location of rare and endangered plants and animals
as well as inventories of unique plant communities and aquatic systems. Over half of the states
have developed such programs in cooperation with The Nature Conservancy. The Nature
Conservancy also maintains a listing, by state, of waters containing key elements of biological
diversity. This listing has been developed with assistance from the state heritage programs.
American Rivers has compiled the state lists used to set priorities for river conservation and has
incorporated those lists into a report and computerized data base. The Outstanding Rivers List
contains 15,000 entries, totaling some 300,000 river miles, and documents the great diversity of
government and citizen interest in rivers. The Cornell Laboratory of Ornithology provides a
census, along with historical data, of 200 bird species by country. The Lawrence Berkeley
Laboratory maintains a collection of socioeconomic, environmental, demographic, and health-
related data bases covering geographic regions, and these data bases are updated annually.

REMOTE SENSING TECHNIQUES

Much progress has been made in the past twenty years to increase the availability and analysis of
high altitude photography, satellite imagery, and other forms of remote sensing. Systematic compari-
sons of images from different time periods can provide information on changes in land use, aid in
the assessment of many natural values, and point out areas where future flood damages may occur.
After land uses and natural values are calculated for an area, much of the analysis may be automated.
These techniques have so far been applied on a limited basis in relatively small areas of the Nation’s
floodplains.
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Numerous examples of the use of aerial photography and satellite imagery for monitoring land use
can be cited, including a 1973 study of South Dade County, Florida where photos from 1963 and 1971
were used in conjunction with 1970 census data to evaluate land-use trends (U.S. Geological Survey,
1973). The use of LANDSAT data to determine land use has been tested. Researchers have
determined that LANDSAT can be successful in monitoring basic land use under the USGS classifica-
tion system, and has the advantage that the data are periodically available to update land-use informa-
tion (Still, 1985). Efforts are underway to make these technologies available to such users as
communities and practicing engineers and hydrologists. For example, NASA’s Earth Resources
Laboratory has been working to develop software to make satellite and aerial imagery available to
all users at a reasonable cost (Howard, 1985).

Many communities routinely use aerial photography from two flight dates to update their tax
assessment files and to identify construction for which building permits may not have been obtained.

At least one Arizona community uses periodic aerial observations to look for floodplain
violations. Satellite imagery also is used in Arizona for ground-water management purposes
to determine the amount of irrigated land and the types of crops being grown (Bond, 1988).
This technology could be adapted to floodplain management, although the costs at the present
time dictate that only federal or state agencies, and a very few large cities, could afford such
monitoring.

Aerial photography combined with floodplain maps has been used in some communities to count the
number of structures within selected floodplains (Williams, 1987). Other communities have used or
are anticipating using low level aerial photography following floods to assist with determinations of
the extent of flooding and with damage assessments (L.R. Johnston Associates, 1987).

Remote sensing techniques, however, are currently being applied in only limited ways for floodplain
management. In the future, higher resolution high altitude photography and other forms of remote
sensing should permit greater accuracy in identifying floodplain activities, and enable the inventory
and mapping of changes in floodplain use. The use of aerial, and particularly satellite, imagery and
other forms of remote sensing may not grow rapidly until more automated procedures for processing
data are available. As digital mapping becomes more widespread, the ease of monitoring floodplain
activities through remote sensing is likely to increase, and the cost should decrease.

GEOGRAPHIC INFORMATION SYSTEMS

The substantial improvement in computer systems during the last two decades has made it much
easier to apply computer technology to the problems of storing, manipulating, and analyzing large
volumes of spatial data. Today, many organizations make routine use of what are called geographic
information systems for a wide variety of purposes, including natural hazards assessment and natural
resource management. A Geographic Information System (GIS) is a computerized system designed
to collect, manage, and analyze large volumes of spatially referenced and associated attribute data
(Guptill, 1988). GISs may comprise quite sophisticated computer software, but all systems contain
the following major components.



6-36 Changes in Floodplain Management Since the 1960s

1) A data input subsystem that collects and/or processes spacial data derived from existing maps,
remote sensors, etc.

2) A data storage and retrieval subsystem that organizes the spatial data in a form that permits it
to be quickly retrieved by the user for subsequent analysis, and permits rapid and accurate
updates and corrections to the spacial database.

3) A data manipulation and analysis subsystem that performs a variety of tasks such as changing
the form of the data through user-defined aggregation rules, or producing estimates of parameters
and constraints for various space-time optimization or simulation models.

4) A data-reporting subsystem that is capable of displaying all or part of the original database as
well as manipulated data and the output from spatial models in tabular or map form. The
creation of these map displays involves what is called digital or computer cartography. This is
an area that represents a considerable conceptual extension of traditional cartographic approaches
as well as a substantial change in the tools used to create the cartographic displays.

The above definition of a Geographic Information System excludes a number of software systems
that meet only part of the stated criteria. For example, digitizing systems that concentrate on the
problem of data capture from map documents and that provide minimal data storage/retrieval
capabilities and only “quick-look” graphics are clearly not geographic information systems. Neither
are most remote sensing and image processing systems. Similarly, thematic mapping packages that
concentrate on the production of complex computer maps do not qualify (Marble, 1987).

Many federal, state and local government agencies, as well as private organizations, are now beginning
to develop or use some type of GIS. The need for larger amounts of information on smaller scale
projects makes the GIS a useful tool for the planning and management of all types of natural hazards
and resources. The GIS, however, has not yet become a widely used tool, in large part because only
a limited amount of needed information has yet been entered into geographic information systems.
Another constraint is that the different systems now in use are not always compatible. Standards
committees set up by professional organizations and government agencies, however, may help to
greatly reduce compatibility problems in the near future. In 1988, a “Proposed Standard for Digital
Cartographic Data” was published as a special edition of The American Cartographer (Vol 15, No.
1, January 1988). The proposed standard consists of four major components: definitions and refer-
ences, spatial data transfer, digital cartographic data quality, and cartographic features. This standard
is an attempt to meet the recognized requirement for easy transfer of spatial data from one spatial
data handling system to another, and with both systems possibly residing on computer hardware and
operating system software of different makes (Guptill, 1988).

Once information is available in a compatible format, GIS technology holds great promise for allowing
planners and managers to easily identify and update the information needed to improve their decision-
making processes. GIS systems will be able to combine natural resources data with data on man-
made features and generate comprehensive maps and data bases of geographic areas of concern.
GIS-generated maps are expected to be easily manipulated and updated at low cost, thereby
overcoming one of the major obstacles in floodplain management today. Thematic data regarding
land parcel boundaries, land ownership, and political boundaries are critical to the use of GISs for
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floodplain management purposes. The initial cost of digitizing this information for input into a GIS,
however, can be significant.

Geographic information systems were available during the 1960s and early 1970s, but for very
specialized and limited applications. Most of the early GISs were developed and supported by
universities and employed a grid-based mapping technique. Maps generated by these early systems
were composed of small squares (grids) and were of limited accuracy. Most current systems rely on
vector graphics (as opposed to grid mapping) for increased accuracy and resolution. As computer
hardware and software systems improve, grid data may again come into widespread use because they
can offer greater resolution for continuously variable features such as topography.

As with so many other recent advances, new computers have made possible remarkable advances
in GIS technology. While most GISs still require at least a mini-computer for efficient operation,
some systems have recently been made available for use on microcomputers. Over the next several
years, even small cities should be able to develop, maintain, and update comprehensive GISs. A few
more years may be required to bring the utility of the most powerful current GIS to the local
community, because of the very large data storage and retrieval capabilities that are needed, and the
complexity of the system.

Much of the recent advancement in geographic information systems has occurred within the private
sector. Several companies have invested in developing proprietary GISs in anticipation of selling these
systems to a potentially vast market. While a few private systems currently dominate the GIS market,
many more systems hold smaller shares of the market and new systems are still being produced.

GIS technology has great potential for developing integrated mapping that can provide for overlays
of different types of natural and cultural resources. As Census Bureau data and geographical data
developed from LANDSAT images become more readily available, the use of GISs should expand
greatly. GIS availability should promote greater comprehensive planning and monitoring of changing
conditions.

Q An example of a recent GIS system being used for natural resources management
purposes, is provided by the Henderson County, North Carolina Soil and Water Conserva-
tion District. This is one of the first conservation districts in the Nation to install a
microcomputer-based geographic information system to provide better interpretative soils
information. The county’s published soil survey has been digitized and stored in the
system, and the computer system can capture, store, analyze and retrieve soils maps and
other geographic data. A major portion of the funding for the demonstration project was
provided by the TVA, supplemented by funds from the Soil Conservation Service (SCS)
and the Henderson County Commissioners (National Association of Conservation Districts,

1987).

The National Cartographic Information Center has digitized land-use and land cover information from
NASA high-altitude aerial photographs and National High-Altitude Photography (NHAP) program
photographs, usually on 1:250,000-scale base maps. For most urban and industrial uses, the minimum
size polygon used for digitizing is four hectares (ha), equal to a square with 200 meter sides. For
other uses, the minimum polygon size is 16 ha. There are seven categories of urban or built-up land
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and 31 categories of agricultural, forest and other nonurbanized land use. National coverage is
planned (U.S. Geological Survey, 1986).

The Federal Emergency Management Agency has initiated pilot projects to develop Flood Insurance
Rate Maps on a GIS-based mapping system. In 1987, FEMA conducted a survey of floodplain
managers in an initial attempt to determine potential users for digital data from FIRMs. The survey
included public officials, private organizations and citizens. “Of those responding to this survey, 97
percent were found to have some type of computer capability, including 25 percent possessing micro
and mainframe computer capabilities. Eighty-five percent of those responding stated that they would
use digital FIRM data if it were free, 45 percent stated they would use digital FIRM data if it were
available at a reasonable cost, and 35 percent indicated that they would use digital FIRM data
regardless of cost.” Based on the survey, FEMA concluded that “there is both a strong interest in
digital FIRM data and that there exists, in both the public and private sectors, the needs and
resources to utilize digital FIRM data” (Federal Insurance Administration, 1987).

FEMA is developing a standard for digital FIRMs in public domain format consistent with USGS
Line Graph (DLG) standards. FEMA has also committed to a program to digitize FIRMS for at
least 340 counties in the Consolidated Metropolitan Statistical Areas with the greatest amount of
property at risk to flooding. This six-year program will provide digital FIRMs covering more than
75 percent of the Nation’s property-at-risk and will be initiated in FY 1991 (Federal Emergency
Management Agency, 1989).

SUMMARY AND CONCLUSIONS

Knowledge and understanding of the processes that create floodplains and of the consequences of
human interaction with floodplains are necessary for effective floodplain management. Both long-
term and short-term climatic data are important in assessing flooding probabilities. Many floodplain
management efforts have been predicated on the assumption of constant climate conditions, an
assumption that may or may not be valid. Recent studies illustrate that traditional averages may not
be adequate to describe the consequences of global climate changes. The lack of sufficient long-term
data leaves many uncertainties in predicting the rate of future climate changes. The rate of sea level
rise in some areas is expected to continue over the next century and could exacerbate coastal and
estuarine flooding.

The National Weather Service is the primary agency for collection of climatic data to aid in flood
forecasting. The NWS collects data from about 230 stations in the United States and also reports
data collected by over 1300 ships. The U.S. Geological Survey operates over 93 percent of the
Nation’s stream gaging network and publishes data on peak flood flows, as well as water quality in
the United States. These data are essential to understanding the hydrology and hydraulics of flooding
and for delineating floodplain boundaries. Systematic records are subjected to analyses to determine
flood frequencies and magnitudes. The USGS, the Corps of Engineers, Soil Conservation Service
and other agencies have developed hydraulic models used for calculating the flood profile elevations
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needed for floodplain mapping. The USGS initiated special flood studies in 1902 with a report on
the Passaic River flood in northeastern New Jersey.

The Tennessee Valley Authority, Corps of Engineers, Soil Conservation Service and others have
joined in producing floodplain information in response to specific Congressional authorization.
Enactment of the National Flood Insurance Act in 1968 resulted in establishing the “100-year flood”
as the base flood for determining risk and also led to a systematic effort to map the Nation’s
floodplains. The technical expertise of federal and state agencies and private firms has been utilized
on a continuing basis.

Beginning in about 1970, federal and state agencies became more aware of the value of wetlands.
Floodplains contain a significant amount of the Nation’s wetlands, and methodologies are being
improved to assess the functional values of wetlands.

Extensive progress has also been made in the development of remote sensing techniques that have
resulted in increased accuracy for the identification of floodplains and flood-related flows. The use
of improved data bases combined with advances in computer systems has led to geographic informa-
tion systems that provide useful information directly to national and local floodplain managers.
Projects are being developed to integrate floodplain maps with the cartographic data base of the
USGS.

Major progress has been made in both understanding and measuring many of the basic processes
and values important for floodplain management. In some cases, entirely new techniques, such as
satellite remote sensing, have been developed to aid understanding or measurement. In other cases,
techniques and processes long in existence, such as hydrological models, have been refined or come
into widespread use. Mapping of floodprone areas represents perhaps the single greatest increase
in our knowledge of flood hazards.

Clearly though, much remains to be done. In many instances, the ability to accurately measure status
and trends has lagged behind advances in understanding the processes involved. Factors contributing
to this disparity include lack of consistent and uniform definitions, the expense of data collection,
absence of a national level leadership, and absence of specific responsibilities for collecting, assem-
bling, and evaluating information. In some cases, substantial information is available in government
offices and other locations, but has not been assembled into useful formats.



CHAPTER 7:

THE MANAGEMENT FRAMEWORK

... [T]he relative role of the Federal government in national floodplain management is declining
as local, but especially state, governments have begun to develop experience and effective
programs.

A Unified National Program for Floodplain Management, 1986

Floodplain management is necessarily carried out within an established legislative, judicial and
administrative framework. The extent and manner to which floodplain management activities are
conducted at each level of government is highly dependent on authorizing legislation, the agencies
assigned responsibility for carrying out legislative mandates, and the availability of funds to pursue
those mandates. Success in achieving stated goals may also depend on the extent to which programs
and authorities are coordinated (or fragmented) at and between each level of government. There
are examples of individuals and agencies achieving significant floodplain management accomplish-
ments through initiative and creative action even though they may have lacked all of the prerequisite
legal and administrative tools. By and large, however, effective action at any level of government
is not achieved without a clear and adequate management framework.

Since House Document No. 465, 4 Unified National Program for Managing Flood Losses, was released
in 1966, numerous changes have occurred in the management context for floodplain management.
Some of these changes — notably establishment of the National Flood Insurance Program (NFIP) —
were the direct result of initiatives to implement a recommendation contained in House Document
No. 465 or some aspect of the Unified National Program. Many more changes have resulted from
a combination of other factors.

This chapter identifies some of the most significant changes that have influenced the management
framework for floodplain management. Legislation, executive orders and directives, and interagency
actions have all affected significant policy changes and have established, made major modifications
to, or eliminated specific programs and agency responsibilities. Changes in the management
framework have occurred as new problems have been identified, previously established goals achieved,
and additional needs recognized.

The Unified National Program for Floodplain Management envisions integration of the flood loss
reduction and natural resources protection aspects of floodplain management. While some integration
is evident, these two aspects of floodplain management have generally developed independently.
Therefore, changes in the management framework for flood loss reduction and in the management
framework for protection of floodplain natural resources are described separately in this chapter.
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Implementation of activities authorized under the overall management framework are described in
Part IV of the Assessment Repor:.

THE MANAGEMENT FRAMEWORK FOR FLOOD LOSS REDUCTION

The management framework for flood loss reduction does not exist as a separate, easily identifiable
set of legislative and policy directives. In many cases flood loss reduction initiatives are included
within a broader program effort. In particular, flood loss reduction directives are frequently included
as part of broader initiatives in the fields of water resources management, emergency management,
environmental protection, and community development and redevelopment. A number of important
legislative and administrative actions have helped shape the flood loss reduction aspect of floodplain
management over the past 25 years.

THE FEDERAL FRAMEWORK FOR FLOOD LOSS REDUCTION

Figure 7-1 lists the federal agencies with programs directly or indirectly related to flood loss reduction.
Several significant changes in agencies and their functions have occurred since the 1960s. Probably
the most significant organizational changes were the creation of the Federal Emergency Management
Agency (FEMA) by Executive Order in 1979; the transfer of the Federal Insurance Administration
(FIA) and the Federal Disaster Assistance Administration (FDAA) from the Department of Housing
and Urban Development (HUD) to FEMA; the creation of the U.S. Water Resources Council
(WRC) in 1965 (and its subsequent elimination by executive action in 1982); and reorganization of
the Bureau of Reclamation (BOR) beginning in 1987.

These organizational changes along with numerous legislative actions had a major impact on the
direction of floodplain management over the last 25 years. The major actions that have created the
current federal framework for flood loss reduction are described below.

The Water Resources Planning Act of 1965 and the U.S. Water Resources Council

The Water Resources Council was created as part of the Water Resources Planning Act of 1965 (P.L.
89-80). Under Title I of this Act, the WRC was charged with the following mandatory responsibilities
(Holmes, 1979):

1) Prepare a national assessment (biennially, or less frequently, if appropriate) of regional water
supply and demand.

2) Study the adequacy of regional and river basin plans, and existing and proposed policies and
programs.

3) Study the adequacy of administrative and statutory means for coordinating federal agency water
resources programs and policies.

4) Make recommendations to the President concerning federal water resources policies and programs.
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5) Establish — with presidential approval — principles, standards, and procedures for federal
participation in river basin planning, and for formulation and evaluation of water projects —
whether or not they originated in river basin plans.

6) Review plans submitted by the river basin commissions created pursuant to Title II of the Water
Resources Planning Act and send them, together with Council recommendations, to the President.

Under Title IT of the Water Resources Act, the WRC was authorized to participate in the creation,
operation, and termination of interstate, intergovernmental river basin planning commissions. Title
IIT authorized the WRC to make financial grants to states for assistance in developing and participat-
ing in comprehensive water and related land resources plans. Many persons now working in the field
of floodplain management owe their start to the opportunities provided by the development of river
basin plans and state water plans funded under Title ITI (Owen, 1989).

Holmes (1979) notes that, in part because the “Council” was composed of the secretaries of agencies
involved in water resources, the WRC was often criticized as an ineffectual agency that placed too
much emphasis on planning instead of becoming more involved in important policy decisions. Each
agency was likely to benefit from improved planning, but one or more agencies might lose as a result
of resolution of policy disputes, hence the avoidance of policy issues. Nevertheless, the WRC
undertook numerous activities important to floodplain management, including implementation of
several of the recommendations presented in House Document 465. Holmes also suggested that
“WRC’s most important policy studies and recommendations (with the possible exception of its work
on the discount rate) were those that concerned flood damage reduction by nonstructural means.”
Several of the major water resource and floodplain management activities undertaken by the WRC
during its 16 years of operation are listed below and described more fully in following sections of the
Assessment Report.

Executive Order 11296 (1966)

Flood Hazard Evaluation Guidelines

National Water Assessment

Discount Rate for Water Projects

Principles-and Standards for Water and Related Land Resources
Guidelines for Determining Flood Flow Frequency

State and Local Floodplain Regulation

Floodplain Management Guidelines for Implementing E.O. 11988
Unified National Program for Floodplain Management
Interagency Floodplain Management Task Force

In 1982, the WRC was dismantled following termination of its funding.

River Basin Commissions

The Water Resources Planning Act of 1965 also authorized the establishment of river basin commis-
sions (RBCs). Although the Water Resources Council was active in promoting the establishment
of river basin commissions and much of their funding was provided by the WRC, the RBCs considered
themselves independent of the WRC. Four RBCs were formed by 1967: the New England River
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Basins Commission, Great Lakes Basin Commission, Pacific Northwest RBC, and the Souris-Red-
Rainy RBC. In 1971, the Ohio RBC was formed, and in 1972 the Missouri and Upper Mississippi
RBCs were established. In 1973, the Upper Mississippi RBC incorporated the Souris-Red-Rainy
RBC, leaving a total of six RBCs.

The Water Resources Planning Act required the RBCs to prepare “comprehensive, coordinated, joint
plans” (CCIPs) for their region or basin. No definition or guidance regarding preparation of a CCJP
was issued by the WRC, and each RBC prepared the plans according to their own concepts, and the
results ranged from a collection of issue-focused studies to a collection of comprehensive river basin
plans (Field, 1979).

Beginning in 1982, the RBCs began to close their operations following the removal of federal funding.
Some managed to remain in operation for a few years with funding by member states but by 1988
only the Missouri RBC remained. The Delaware River Basin Commission and the Susquehanna River
Basin Commission, which were formed as federal-state compact commissions, remain in existence
with federal and state funding.

Executive Orders and Guidelines for Floodplain Management

Two Presidential executive orders, guidance for implementing the orders, and subsequent actions by
federal agencies have played a major role in floodplain management at the federal level.

e Executive Order 11296, 1966, Executive Order 11296, “Evaluation of Flood Hazard in Locating
Federally Owned or Financed Buildings, Roads, and Other Facilities, and in Disposing of Federal
Lands and Properties,” was issued in 1966 at the same time that the President transmitted the
report on a Unified National Program for Reducing Flood Losses to the Congress. This Executive
Order recognized that federal government programs and financial assistance exert strong direct
and indirect influences on development within floodprone areas. It directed federal executive
agencies to “provide leadership in encouraging a broad and unified effort to prevent uneconomic
uses and development of the Nation’s flood plains and, in particular to lessen the risk of flood
losses in connection with Federal lands and installations and federally financed or supported
improvements.” In effect, the order directed all federal agencies responsible for construction and
operation of federal facilities, administration of federal grant, loan or mortgage insurance
programs involving construction, disposal of federal lands or properties, and programs involving
land-use planning, to: 1) evaluate flood hazards before taking any of these actions; 2) limit land
use in proportion to the degree of flood hazard involved; and 3) avoid uneconomic, hazardous
or unnecessary use of floodplains.

® Flood Hazard Evaluation Guidelines, 1969 and 1972. In 1969, the WRC released Proposed Flood
Hazard Evaluation Guidelines for Federal Agencies for use by federal agencies in complying with
E.O. 11296. Following a year of review and testing by 75 federal executive agencies, and review
by state and local agencies and the private sector, the proposed guidelines were revised and issued
in 1972 as Flood Hazard Evaluation Guidelines for Federal Executive Agencies (U.S. Water
Resources Council, 1972).
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® Executive Order 11988, 1977. Exccutive Order 11988, “Floodplain Management,” was issued by
the President in May 1977 to bring together federal policies to protect against both flood hazards
and degradation of floodplain natural resources. E.O. 11988 superseded and expanded E.O.
11296. A 1975 General Accounting Office (GAO) report found that “Executive Order 11296
proved to have a limited effect in reducing flood losses due to the lack of agency implementing

procedures and limited compliance by Federal agencies” (Federal Emergency Management
Agency, 1983).

The 1977 Executive Order was intended to increase the effectiveness of federal agencies’ actions
related to floodplain management. In addition, it expanded the scope of E.O. 11296 by requiring
that federal agencies also address the need to diminish environmental damage due to unwise
planning and development of floodplains.

E.O. 11988 established general policy bringing together concerns for human safety, health and
welfare, and property with concerns for restoring and preserving natural and beneficial resources
of floodplains. Federal agencies were directed to:

e avoid directly or indirectly supporting floodplain development;

* avoid actions located in or affecting the floodplain, unless the floodplain location is the only
practicable alternative;

e in the absence of a practicable alternative, require that actions be designed or modified in
order to minimize potential harm to or within the floodplain; and

* use the one percent annual chance flood standard in evaluating proposed actions affecting
the floodplain.

The executive order, which applies to proposed actions of federal agencies, required each agency
to issue implementing procedures and provided for public participation in federal decisions
affecting floodplains (Federal Emergency Management Agency, 1983).

® WRC Guidelines for Federal Agencies, 1978. In 1978, the Water Resources Council issued a set
of guidelines (Guidelines) for use by federal agencies in implementing E.O. 11988 (U.S. Water
Resources Council, 1978). The Guidelines were intended to provide broad guidance for interpre-
tation of the Executive Order and to assist the federal agencies in developing their own proce-
dures for complying with the executive order. The WRC Guidelines, the result of a 12-month
interagency task force effort, included an eight-step decision-making process to be followed by
federal agencies when applying E.O. 11988 to their actions.

The Guidelines also spelled out the responsibilities of the agencies to: 1) recognize that flood-
plains have unique and significant public values; 2) evaluate the potential effects of any action
that they may take in a floodplain; and 3) take floodplain management into account both in
formulating their own water and land-use plans, and in evaluating the water and land-use plans
of others. In 1987, the Federal Interagency Floodplain Management Task Force issued an interim
document providing additional guidance on implementation of E.O. 11988 (Federal Interagency
Floodplain Management Task Force, 1987).
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Guidelines for Determining Flood Flow Frequency

The WRC, through its hydrology committee, began work on determining the best methods of flood
frequency analysis in 1966. The efforts of the committee were published in 1967 as Bulletin No. 15,
A Uniform Technique for Determining Flood Flow Frequencies. The techniques presented in the
Bulletin were adopted by the WRC for use in all federal planning involving water and related land
resources, and recommended for use by state and local government and private organizations. Efforts
to improve the recommended methodologies continued, and in 1976 an extension and update was
published as Bulletin No. 17, Guidelines for Determining Flood Flow Frequency. A second revision
published in 1981 as Bulletin No. 17B (U.S. Water Resources Council, 1981) stands as the guidance
used by practically all government agencies in undertaking flood frequency studies.

Discount Rate for Water Projects

In response to a presidential directive, the WRC in 1968 modified the formula for determining the
discount rate used in estimating the benefit/cost ratios of proposed water resources projects, including
flood control projects. This change resulted in a substantial increase in the discount rate and contrib-
uted to a decline in new water resource projects. Also as a result of the change in the formula, some
projects authorized in the 1950s but not yet constructed were deauthorized (Holmes, 1979).

National Flood Insurance Program

At the same time that the President’s Task Force on Flood Loss Reduction was preparing its reports
in 1965 and 1966, the Department of Housing and Urban Development, as authorized by The
Southeast Hurricane Disaster Relief Act of 1965 (P.L. 89-339), was conducting a feasibility study for
a national flood insurance program. Recommendations resulting from this study served as the basis
for the National Flood Insurance Act (NFIA) of 1968 (Title 13 of P.L. 90-448) which established the
National Flood Insurance Program within HUD. Administrative responsibility for the NFIP was
established in the Federal Insurance Administration in HUD.

The NFIP was designed to reduce future flood losses through state and local floodplain manage-
ment efforts and to transfer the costs of residual flood losses from the general taxpayer to the
floodplain occupant. This program represented a major shift in strategy from previous structural
flood control and disaster relief efforts (U.S. Water Resources Council, 1979).

The following federal acts provide the legislative authorities for the NFIP.

e National Flood Insurance Act of 1968. The NFIA established the NFIP as a voluntary program
in which identified floodprone communities were encouraged to participate. Communities that
joined the program were required to adopt minimum regulations governing development in
identified flood hazard areas, and in exchange the FIA would make flood insurance (substantially
subsidized by the federal government) available to any structure within the community (even those
structures outside an identified floodprone area). The FIA was authorized to conduct flood risk
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studies (Flood Insurance Studies) and prepare maps of flood hazard areas in all communities
identified as floodprone.

* SECTION 1302: Section 1302 of the NFIA stated a number of Congressional findings relating
to floods and the need for a national program of flood insurance, and it listed several purposes
of the Act. From Section 1302:

(¢) The Congress further finds that (1) a program of flood insurance can promote the
public interest by providing appropriate protection against the perils of flood losses and
encouraging sound land use by minimizing exposure of property to flood losses; and (2)
the objectives of a flood insurance program should be integrally related to a unified
national program for flood plain management and, to this end, it is the sense of Congress
that within two years following the effective date of this title the President should transmit
to the Congress for its consideration any further proposals necessary for such a unified
program, including proposals for the allocation of costs among beneficiaries of flood
protection.

(d) It is therefore the purpose of this title to (1) authorize a flood insurance program by
means of which flood insurance, over a period of time, can be made available on a
nationwide basis through the cooperative efforts of the Federal Government and the
private insurance industry, and (2) provide flexibility in the program so that such flood
insurance may be based on workable methods of pooling risks, minimizing costs, and
distributing burdens equitably among those who will be protected by flood insurance and
the general public.

(e) It is the further purpose of this title to (1) encourage State and local governments
1o make appropriate land-use adjustments to constrict the development of land which is
exposed to flood damage and minimize damage caused by flood losses, (2) guide the
development of proposed future construction, where practicable, away from locations
which are threatened by flood hazards, (3) encourage lending and credit institutions, as
a matter of national policy, to assist in furthering the objectives of the flood insurance
program, (4) assure that any Federal assistance provided under the program will be related
closely to all flood-related programs and activities of the Federal Government, and (5)
authorize continuing studies of flood hazards in order to provide for a constant reappraisal
of the flood insurance program and its effect on land-use requirements.

* SECTION 1362: Section 1362 of the NFIA authorized the Secretary of HUD to purchase from
willing sellers certain insured properties located in flood risk areas and to transfer the purchased
properties to state or local governments. To qualify for purchase, properties must have been
damaged substantially beyond repair by flooding, or damaged by floods on not less than three
previous occasions in five years with the cost of repair averaging at least 25 percent of the value
of the structure. Section 1362 provided an opportunity for a federal agency to establish a
continuing program to purchase properties for the specific purposes of reducing future flood
losses, as opposed to purchasing properties as part of an individual project.
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e Housing and Urban Development Act of 1969. The Housing and Urban Development Act of 1969
(P.L. 91-152) amended the NFIA in two important respects. First, it established the emergency
phase of the NFIP, permitting property owners to purchase limited amounts of flood insurance
at federally subsidized rates prior to completion of detailed flood insurance studies and maps.
The availability of flood insurance gave communities an incentive to join the NFIP. Second, it
added damage and loss resulting from mudslides caused by accumulations of water on or under
the ground as an eligible component of the NFIP.

e Flood Disaster Protection Act of 1973. Following disastrous flooding in 1972 at Rapid City, South
Dakota and in several eastern states affected by Hurricane Agnes, it was found that very few flood
victims had purchased flood insurance. As a result, Congress strengthened the NFIP through
amendments in the Flood Disaster Protection Act of 1973 (P.L. 93-234). This Act provided
incentives for communities to join the NFIP by: 1) substantially increasing the amounts of flood
insurance coverage available; and 2) providing penalties for both communities and individuals
that chose not to join the NFIP and were subsequently flooded.

e SecTiON 102(a): Required the purchase of flood insurance in communities where such
insurance was available in conjunction with any form of federal financial assistance for acquisition
or construction located in identified special flood hazard areas.

o SecTioN 102(b): Required purchase of flood insurance when property located in the floodplain
was to be secured by a conventional mortgage from a federally related lender (includes loans,
grants, guaranty, insurance and other forms of direct or indirect federal financial assistance other
than general or special revenue sharing or formula grants to states).

e SEcTIONS 202 () and (b): Communities identified by FEMA as floodprone were allowed one
year after such identification to enroll in the NFIP or thereafter be denied both direct and indirect
federal financial assistance for acquisition or construction purposes in flood hazard areas.

The 1973 Flood Disaster Protection Act also added damage and loss resulting from erosion and
undermining of shorelines by waves or currents “exceeding anticipated cyclical levels” as eligible
components of the NFIP.

e The Housing and Community Development Act of 1977. The Housing and Community Develop-
ment Act of 1977 (P.L. 95-128) contained three major amendments to the NFIP: 1) the provisions
withholding benefits from nonparticipatingcommunities were substantiallyrelaxed; 2) the coverage
limits for communities in the Regular Program were raised; and 3) the authority to purchase
flood-damaged property under Section 1362 was expanded to include properties damaged from
causes other than flooding and to authorize low-interest loans for floodproofing structures located
within the designated floodway.

e Omnibus Budget Reconciliation Act of 1981. Section 341 of the Omnibus Budget Reconciliation
Act (OBRA) amended the NFIA to prohibit the issuance of any federal flood insurance coverage
after October 1, 1983 for any new construction or substantial improvements of structures located
on undeveloped coastal barriers.
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The OBRA established a precedent for withdrawal of federal financial assistance for development
as one means of protecting coastal barriers and reducing recurring federal costs of protecting
coastal barriers and reducing recurring federal costs associated with their development and
reconstruction (U.S. Department of the Interior, 1988).

® Coastal Barrier Resources Act of 1982. Section 10 of the Coastal Barrier Resources Act (CBRA,
P.L. 97-348) repealed Section 341 of the OBRA, but retained the OBRA prohibition against
federal flood insurance for new construction or substantial improvements on structures on
undeveloped coastal barriers on or after October 1, 1983. However, the CBRA expanded the
scope of the prohibition of federal expenditures and financial assistance to include all federal
programs that support development on the undeveloped coastal barriers within the Coastal
Barrier Resources System (CBRS). These additional prohibitions, with several exceptions for
conservation, public recreation, research, national security, and other considerations, became
effective October 18, 1982 (U.S. Department of the Interior, 1988).

® Water Resources Development Act of 1986. Section 402 of this Act (P.L. 99-662), as amended,
requires nonfederal interests to participate in and comply with the NFIP before construction of
any federally financed local flood protection project or any project for hurricane or storm damage
reduction.

¢ The Housing and Community Development Act of 1987. Section 544 of The Housing and
Community Development Act of 1987 (P.L. 100-242) authorized prepayment of flood insurance
for structures in imminent danger of collapse due to coastal erosion (including structures on the
shorelines of lakes, rivers and other water bodies in addition to the ocean). Insurance payments
may be provided either to relocate the structure further away from the shore (minimum setbacks
are specified) or to demolish the structure.

Actions to Improve Dam Safety

A series of dam failures and near failures in the early 1970s focused attention on the safety of water
storage dams and resulted in a number of legislative and presidential actions intended to improve
both federal and state responsibilities for dam safety.

® National Dam Inspection Act of 1972. The National Dam Inspection Act of 1972 (P.L. 92-367)
required the U.S. Army Corps of Engineers (Corps) to inventory all nonfederal dams in the
United States, and to carry out a program of safety inspections of all medium and high hazard

dams except for those under the jurisdiction of specified federal agencies and certain other classes
of dams (National Research Council, 1982).

¢ Presidential Directives. In April 1977, President Carter directed the following actions: 1) that
federal agencies having responsibilities for dams undertake reviews of practices that could affect
dam safety; 2) that the Chairman of the Federal Coordinating Council for Science Engineering
and Technology (FCCSET) convene an ad hoc interagency committee to coordinate dam safety
programs; and 3) that the Director of the Office of Science and Technology Policy arrange for
areview of federal agency practices by an independent panel of recognized experts. In November
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of 1977, the President also directed the Corps, in cooperation with the states, to proceed under
authority of P.L. 92-367 to inspect nonfederal dams classed as “high hazard” because of down-
stream development.

In June 1979, the Federal Guidelines for Dam Safety prepared by the Ad Hoc Interagency
Committee on Dam Safety were released. In July 1979, as part of Executive Order 12148 estab-
lishing the Federal Emergency Management Agency, FEMA was directed to coordinate federal
dam safety efforts. In October of 1989, President Carter directed the head of each federal agency
having responsibilities for dams to adopt and implement the Federal Guidelines for Dam Safety.

® Dam Safety Act of 1986. The Dam Safety Act of 1986 (Title 12 of P.L. 99-662) authorized federal
financial and other assistance to state dam safety programs.

Principles and Guidelines for Water and Related Land Resources

The “Principles and Standards for Planning of Water and Related Land Resources” adopted by the
Water Resources Council in 1973 were revised and issued as the “Economic and Environmental
Principles and Guidelines for Water and Related Land Resources for Implementation Studies” in
1983.

® Principles and Standards. In 1973, the WRC adopted the “Principles and Standards for Planning
of Water and Related Land Resources” (U.S. Water Resources Council, 1973). The Principles
and Standards provided standards for project-scale planning and evaluation, while recommending
that river basin planning provide the basis for project-scale planning, including dams and
reservoirs and other flood control projects. As part of the evaluation process, proposed actions
were to be evaluated according to three accounts: “National Economic Development,” “Environ-
mental Quality,” and “Social Well Being.” The Principles and Standards represented “a major
attempt at standardizing federal water resources efforts by establishing detailed plan formulation
procedures and a system for displaying impacts of alternative plans on multiple objectives” (Field,
1979).

® Water Resources Development Act of 1974. Section 80(c) of this Act directed the President to
investigate and study the “Principles and Standards for Planning and Evaluating Water and
Related Resources Projects.” Responsibility for conducting the study was assigned to the WRC.
An interagency study team was developed and a 22-volume report was released in 1975 (Buie,
1979).

® Principles and Guidelines. In 1983, the Principles and Standards were revised and issued as the
“Economic and Environmental Principles and Guidelines for Water and Related Land Resources
for Implementation Studies.” These Principles and Guidelines provide for greater flexibility in
the application of procedures and decision-making processes than the previous Principles and
Standards. The 1983 Principles and Guidelines dropped the Environmental Quality and Social
Well Being accounts and rely only on the National Economic Development account for project
justification.
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In addition to evaluation of existing activities, available services, and other attributes of
the floodplain, the Principles and Guidelines declare that the potential of the floodplain
for natural and beneficial values, including open space, recreation, wildlife, natural flood
storage, and wetlands should be recognized and displayed in the valuation of alternatives.
(Interagency Task Force on Floodplain Management, 1986.)

Consideration of Nonstructural Approaches

Consideration of nonstructural floodplain management approaches was authorized and promoted
by the Water Resources Development Act of 1974 and the 1980 Interagency on Nonstructural
Measures.

Water Resources Development Act of 1974. Section 73 of the Water Resources Development
Act of 1974 (P.L. 93-251) directed all federal agencies to consider nonstructural approaches in
federal water resource projects. This Act also authorized acquisition of floodprone property for
three specific projects: 1) purchase of wetlands for flood storage in the Charles River basin near
Boston, Massachusetts; 2) acquisition of floodprone properties in Prairie du Chien, Wisconsin;
and 3) acquisition of properties affected by subsidence and coastal flooding in a section of
Baytown, Texas.

® 1980 Interagency Agreement on Nonstructural Measures. An interagency agreement — “Use
of Nonstructural Measures in Flood Damage Reduction and Floodplain Management” — was
developed in 1980 to establish common policy among the water resource construction agencies
for nonstructural flood loss reduction (Thomas, 1983).

Disaster Assistance

The Disaster Relief Act of 1974 and the Disaster Relief and Emergency Assistance Amendments
of 1988 established important requirements and opportunities pertaining to the availability of disaster
assistance.

Disaster Relief Act of 1974. Section 406! of the Disaster Relief Act of 1974 (P.L. 93-288)
required states applying for disaster assistance to take action to mitigate hazards as a condition
of receiving disaster assistance. Section 406 also required that rebuilding be done in conformance
with applicable codes, specifications and standards (Federal Emergency Management Agency,
1981). The 406 requirements tied the receipt of federal grants or loans for disaster assistance
to a state’s evaluation of natural hazards and identification of appropriate actions to mitigate such
hazards.

Disaster Relief and Emergency Assistance Amendments of 1988. The Disaster Relief and
Emergency Assistance Amendments of 1988 (P.L. 100-707) made a number of important changes

Section 406 was renumbered as Section 409 by the Disaster Relief and Emergency Assistance Amendments
of 1988 (P.L. 100-707).
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in disaster relief programs, including: making hazard mitigation eligible for federal funding;
setting the minimum federal share of disaster assistance at 75%; providing for a 50/50 federal/state
matching grant for FEMA-approved hazard mitigation projects (with the federal contribution
limited to 10% of the cost to repair, replace or restore damaged public facilities); increasing
federal matching grants for state preparedness planning from $25,000 to $50,000; establishing a
Great Lakes program providing grants to states to combat erosion and high water levels in the
Great Lakes; and prohibiting new construction in erosion-prone areas from receiving disaster
relief (Butler, 1989).

Pre- and Postdisaster Planning

Important pre- and postdisaster planning activities were authorized by the Disaster Relief Act of 1974
and the 1980 Interagency Agreement on Nonstructural Measures. :

o Disaster Relief Act of 1974. Section 201 of the Disaster Relief Act of 1974 (P.L. 93-288) provided
FEMA with authority to provide assistance to states to conduct Quantitative Hurricane Prepared-
ness Studies. FEMA established a cooperative program with the National Weather Service’s
National Hurricane Center and the Corps of Engineers to assist states along the Gulf and Atlantic
coasts in the development of hurricane preparedness plans (Federal Emergency Management
Agency, 1987).

As previously described, Section 406 of the Disaster Relief Act of 1974 required states to develop
hazard mitigation plans in order to remain eligible for disaster assistance funds. While many state
and local communities had previously been involved in hazard mitigation, Section 406 planning
requirements made the evaluation of mitigation opportunities mandatory after a presidential
declaration of disaster.

e 1980 Interagency Agreement on Nonstructural Measures. In 1980, the Office of Management
and Budget (OMB) directed that “all Federal programs that provide construction funds and long-
term recovery assistance must use common flood disaster planning and postflood recovery
procedures” (Office of Management and Budget, 1980). In response, 12 federal agencies signed
an Interagency Agreement (1980) to provide technical assistance to states and communities for
nonstructural flood damage reduction measures. Representatives from each agency formed an
Interagency Flood Hazard Mitigation Task Force charged with carrying out the terms of the
agreement. The Task Force representatives ensure that technical personnel from their agencies
are available to participate on postdisaster interagency hazard mitigation teams. Task Force
representatives also review agency programs and policies to identify and remove obstacles to
implementing flood hazard mitigation measures recommended by the interagency teams.

Federal Interagency Floodplain Management Task Force

The Federal Interagency Floodplain Management Task Force was established in 1975 to carry out
the responsibility of the President to prepare for the Congress a Unified National Program for
Floodplain Management. Current membership of the Task Force consists of: the Departments of
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Agriculture, Army, Commerce, Energy, Housing and Urban Development, Interior, and Transporta-
tion; the Environmental Protection Agency; the Tennessee Valley Authority; and the Federal
Emergency Management Agency. The Task Force was chaired by a representative from the Water
resources Council until 1982 when the chairmanship shifted to a FEMA representative (Thomas,
1988). The Task Force has undertaken or sponsored several important initiatives and studies, some
of which are listed below (Federal Interagency Floodplain Management Task Force, 1986):

* Nonstructural Floodplain Management Study: Overview, (White, 1978).

* Floodplain Acquisition: Issues and Options in Strengthening Federal Policy, (Kusler, 1978).

» Improved Formulation and Evaluation of Nonstructural Elements for Water Resources Plans in
Flood Hazard Areas, (Shabman, 1979).

* Options to Improve Federal Nonstructural Responses to Flood, (Platt, 1979).

e Economic Aspects of Wildlife Habitat and Wetlands, (Midwest Research Institute, 1979).

» Emerging Issues in Wetland /Floodplain Management — Supporting Materials for a Report of a
Technical Seminar, (Kusler, 1979).

» Emerging Issues in Wetland [Floodplain Management — Summary Report of a Technical Seminar
Series, (Kusler, 1979).

o Sources of Wetlands [Floodplain Research Information, (1980).

o Workshop Report on Bottomland Hardwood Wetlands, (National Wetlands Technical Council,
1980).

*» Nonstructural Measures in Flood Damage Reduction Activities, (Galloway, 1980).

* The Influence of Regulations and Practices on the Implementation of Nonstructural Flood Plain
Plans, (CME Associates, Inc., 1980).

» An Assessment of Storm Surge Modeling, (Hydrology Committee, 1980).

* State and Local Acquisition of Floodplains and Wetlands, (Field Associates, 1981).

* Analysis of Methodologies Used for the Assessment of Wetland Values, (USA Waterways
Experiment Station, 1981).

* Floodplain Management Handbook, (Owen, 1981).

* Cooperative Flood Loss Reduction: A Technical Manual for Communities and Industry, (Owen,
1981).

o  Estimating Peak Flow Frequencies for Natural Ungaged Watersheds (A Proposed Nationwide Test),
(Hydrology Committee, 1981).

 Evaluating the Effectiveness of Floodplain Management Techniques and Community Programs,
(1985).

» A Unified National Program for Floodplain Management, (1986).

* Further Advice on Executive Order 11988, Floodplain Management, (1987).

A Unified National Program for Floodplain Management

The Bureau of Budget assigned primary responsibility to the Water Resources Council for carrying
out the recommendations presented by the President’s Task Force on Flood Loss Reduction as
published in H.D. 465. The WRC refined and expanded the Task Force’s report, and the first report
entitled A Unified National Program for Floodplain Management (U.S. Water Resources Council, 1976)
was published in 1976. This document prescribed specific strategies and tools for flood loss reduction.
The Unified National Program was revised in 1979 (U.S. Water Resources Council, 1979) and
expanded to include strategies and tools for management of natural floodplain resources. Further
update and revision occurred in 1986 (Federal Interagency Floodplain Management Task Force,
1986).
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Federal Emergency Management Agency

The Federal Emergency Management Agency was created in 1979 by Executive Order 12127. Several
agencies and programs of different federal departments were combined into FEMA, including the
Federal Insurance Administration and the Federal Disaster Assistance Administration which were
transferred from HUD, and the Defense Civil Preparedness Agency, among others. This combination
of agencies gave FEMA the lead in promoting nonstructural approaches to floodplain management,
and at the same time closely aligned floodplain management with emergency management.

Federal Crop Insurance Act of 1980

The U.S. Department of Agriculture (USDA) has provided some form of crop insurance to farmers
since 1938. Prior to 1980, crop insurance was limited and the USDA provided disaster assistance
mainly through loans and direct cash payments to affected farmers. In 1980, the Federal Crop Insur-
ance Act of 1980 (P.L. 96-365) greatly expanded the scope and availability of crop insurance to
include more crops and to apply in over 3,000 agricultural counties in 50 states. The objective of
the crop insurance program is to improve economic stability of agriculture by providing multi-peril
crop insurance for individual producers of commercially grown commodities. The crop insurance
program is administered by the Federal Crop Insurance Corporation within the USDA (Harman,
1990; U.S. General Services Administration, 1990).

Bureau of Reclamation Reorganization, 1987

The Bureau of Reclamation within the Department of Interior (DOI) was originally charged under
the Reclamation Act of 1902 to administer a reclamation program that would provide the arid and
semiarid lands of the 17 contiguous western states with a secure, year-round water supply for
irrigation. Over the years, the BOR’s mission was expanded to include provision of water supply for
communities and industry as well as generation of hydroelectric power, river regulation and flood
control, provision of outdoor recreation opportunities, and the enhancement and protection of fish
and wildlife habitats (Office of the Federal Register, 1987). In large part, the role of the BOR has
been to plan, construct, and manage large dam and reservoir projects, including flood control projects
and multipurpose reservoirs.

In a report it published in 1987, the BOR recognized its role was changing from that of constructing
major water development projects to developing solutions for the conservation of water and protection
of the environment. The BOR’s current objectives are to improve management and use of resources
by increasing water and power operating efficiencies, and identifying new opportunities for nonfederal
partnerships in water resource development. These objectives will largely be met by integrating
existing systems and making them more reliable. The BOR will also seek to manage its projects to
provide greater opportunities for the public to enjoy recreational activities and protect the valuable
cultural and natural resources associated with its projects. The BOR will therefore continue to play
an important role in future floodplain management activities (Brown, 1989).
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STATE AND COMMUNITY FRAMEWORK FOR FLOOD LOSS REDUCTION

Major changes have occurred in the management framework for flood loss reduction at the state and
local level over the past 25 years. In addition to the following descriptions, details and examples of
state and local activities are included in chapters 11, 12 and 13 of the Assessment Report.

Flood Loss Reduction at the State Level

State organization and activities for flood loss reduction have responded to, and in many respects
paralleled, activities at the federal level as a result of federal legislation, programs and funding. Two
state level changes are perhaps most significant because they have directly affected every state and
practically every floodprone community in the United States.

The first of these changes established state administration of local floodplain management regulations
through a state flood insurance coordinator. As a result of the NFIP, each state now has a flood
insurance coordinator and some type of program for working with and providing floodplain manage-
ment assistance to local communities throughout the state. Each state has enacted some form of
enabling legislation permitting local governments to adopt floodplain regulations (Association of State
Floodplain Managers, 1988).2

The second major change is that each state now has developed a multi-hazard emergency operations
plan administered by the state’s emergency or civil preparedness agency. These multi-hazard
emergency operations plans generally contain annexes or appendices dealing specifically with different
types of hazards, including floods, hurricanes, and other types of flood-related hazards.

Every state continues to have some agency involved in planning, funding, or sponsoring structural
flood control projects. State involvement in dam safety activities increased greatly during the 1980s.

In addition to the just-described activities that have been undertaken by every state, a variety of other
actions have enhanced the states’ abilities to reduce flood losses. For example, several states have
adopted their own statewide floodplain management regulations that parallel or, in some cases,
contain more stringent requirements than those of the NFIP. In other states, executive orders have
been issued (similar to federal Executive Order 11988) requiring state agencies to take flood hazards
into consideration when siting facilities or initiating other actions affecting floodplains.

All coastal states have responsibilities and some type of permitting program for activities occurring
below mean high water — the area held in public trust by the states for all the people of the state.
While state programs vary considerably, these programs typically involve review of flood damage

2 In 1989, the Missouri Supreme Court ruled that, under state law, counties could not regulate development
in a special flood hazard area on land used for agricultural purposes. Furthermore, many of these counties
did not have the authority to regulate the activities of levee and drainage districts. Absence of this authority
meant that the counties could no longer enforce the minimum floodplain management requirements for
participation in the NFIP (Watson, 1990). The Missouri legislature initiated action to address this deficiency
inlate 1990, and passed necessary legislative amendments to remedy the problem in February 1991 (Federal
Emergency Management Agency, 1991).
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potential, impacts on tidal wetlands, and other factors in considering whether a proposed activity will
be in the public interest.

For the most part, each state carries out the same types of activities for flood loss reduction, although
each state has its own unique administrative organization, and the level of activity varies greatly
depending on many factors, including the frequency and severity of flooding the state has experienced.

Flood Loss Reduction at the Community Level

At the community level, the most dramatic change in the management framework for flood loss
reduction since the 1960s has been the widespread adoption and enforcement of local floodplain
regulations under the NFIP. There are now some 18,000 communities that have elected to participate
in the NFIP and that have adopted at least minimum floodplain regulations. Although many of these
communities have not warmly embraced floodplain regulation, by and large they have come to
recognize the importance of taking action through local land-use regulation to protect people and
property from flood losses. Consequently, regulatory action at the community level is now the most
widespread and effective means of reducing flood losses to new development.

Largely in response to state requirements, many communities have also developed multi-hazard
emergency preparedness or operations plans. Although relatively few communities have developed
specific flood emergency plans, the development of multi-hazard plans is widely viewed as greatly
increasing community flood preparedness and contributing to improved flood warning and loss
reduction.

Flood control structures are still widely viewed as a preferred means of reducing flood losses, and
many local communities participate as sponsors for local structural flood control works, typically
through a public works department. The local governmental unit usually provides only a small
contribution to the cost of these structural flood control works, and relies heavily on federal and state
governmental units for both funding and expertise. In contrast, local governments are almost
exclusively responsible for local drainage and stormwater management to control localized flooding.
As the Nation has become more urbanized, drainage control and stormwater management has become
a major local government activity and an important component of a total floodplain management
program.

Intergovernmental and Regional Government Management®

Regional approaches to floodplain management, carried out on an intermediate scale between local
and state government efforts, are often overlooked or their effects underestimated. Opportunities
for developing regional approaches, however, are especially important because flooding is not limited

3 A 1987 study entitled Regional Management of Metropolitan Floodplains edited by Rutherford H. Platt
addresses various opportunities and approaches for responding to flooding by regional entities. This section
on Intergovernmental and Regional Government Management is based largely on material included in that
study.
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by political boundaries. Since government jurisdictions do not conform to watershed boundaries, the
local, state and federal approach to floodplain management can be fragmented and weakened when
applied to individual communities and floodplains. Management authorities can be divided between
local, state and federal governments, between several different municipalities with jurisdiction in the
same floodplain, and among different agencies in each unit of government involved.

Among the entities that can contribute to floodplain management on a regional level are: 1) special
districts; 2) county governments; 3) private conservation groups; and 4) conservation districts.

e Special Districts. Special districts are sub-state government units created by state legislation and
are the most numerous and fastest growing type of government entity in the United States (28,733
existed in 1982). Special districts perform a wide range of public and quasi-public services and
have many of the same powers as municipalities (e.g., the right to sue and be sued, to own
property, to enter into contracts, and to levy taxes or raise funds in other ways). Unlike munici-
palities, however, the functions of special districts are limited to one or more responsibilities as
defined by state law.

Many special districts have been created in response to federal programs, and nearly one fourth
of all special districts have natural resource-related functions. Many special districts are con-
cerned with water resources issues such as soil and water conservation, drainage, flood control,
and irrigation.

The 1982 Census of Governments listed 2,705 “drainage and flood control” districts nationally,
2,421 “soil and water conservation districts,” and 1,617 “sewerage districts.” Some of these
districts existed “on paper” only (without active programs); many are too small to be considered
regional in scope.

Regional special districts may have several advantages over other units of government in accom-
plishing effective flood loss reduction. These advantages include: 1) area-wide jurisdiction
(districts may be large enough to encompass entire watersheds); 2) flexible boundaries (to
encompass necessary hydrologic units); 3) fiscal autonomy (not as dependent on federal and state
sources of funds); 4) legal flexibility; 5) professionalism; and 6) intergovernmental cooperation
opportunities. Possible disadvantages of special districts may include less public accountability
and a more narrow perspective than other units of government (Platt, 1987).

e County Governments. The Nation’s 3,041 counties cover nearly all of the land area of the United
States and overlie most municipalities and special districts within metropolitan areas. Counties
vary greatly in extent of jurisdiction, budgets, authorities, and political characteristics. For
example, while county governments are relatively weak or nonexistent in the Northeast, strong
county governments in the South and West have thousands of employees and provide a wide
range of public services.

Counties may serve as local governments for certain purposes and regional governments for
others, and may provide services through either direct authority under state law or intergovern-
mental agreements with other units of government. County-wide functions pertaining to flood
hazards may include the development of storm drainage systems, floodplain land acquisition, flash
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flood warning systems, and emergency response measures. Some counties are also authorized
to engage in land-use planning.

A survey of the roles and programs of 52 selected metropolitan counties relative to floodplain
management (Platt, 1987a; Platt, undated) showed that, in general, the Northeast and North
Central counties reported the application of fewer flood loss reduction measures per county than
counties in the South and West. (County governments are gencrally weaker in the older,
industrial metropolitan areas of the northern regions.) The most active counties in terms of
implementing flood loss reduction measures were seen to be those experiencing rapid “sun belt”
growth in the South and West, where flash flooding and coastal storms are important concerns.

The most frequently applied measure by the counties surveyed was “minimum building elevation
requirements” and the least frequently applied was “relocation of structures from floodplains.”
Two types of measures were found to be usually applied on a county-wide basis: structural flood
control measures and emergency warning and assistance measures. By contrast, regulatory land-
use control measures, floodplain land acquisition, and measures to relocate structures are usually
limited to unincorporated areas within county jurisdictions. Such controls are traditionally the
responsibility of local government.

A great diversity was found among the counties with regard to the types and combination of
measures used and the geographic areas within which they are applied. It was also found that
counties are not well informed of each other’s activities in the flood field, and that the National
Association of Counties has displayed little interest in flood issues (Platt, 1987a; Platt, undated).

o Conservation Districts. “Conservation districts” are another type of regional entity involved with
floodplain management. These districts are known by different names in different states, including
Conservation Districts, Soil and Water Conservation Districts, and Natural Resource Districts.

The Soil Conservation Act of 1935 (P.L. 74-46) authorized the Secretary of Agriculture to
recommend creation of new units of government through state laws. Through these new laws,
states were to authorize the creation of districts with the power to work with the Soil Conservation
Service (SCS) to enforce proper land-use practices primarily to control erosion and sedimentation.
The SCS developed model legislation, and over the next several years, every state proceeded to
enact legislation authorizing conservation districts as a subdivision of state government. Nearly
3,000 districts, most formed on the basis of county boundaries, now cover more than 97% of the
country (Sampson, 1985).

The comprehensive resource planning and enforcement function originally envisioned for
conservation districts was not realized. District programs focus on the control of soil erosion and
water pollution. The most common service provided to landowners by conservation districts is
conservation planning and technical assistance for individual land users and owners.

Where state legislation permits, conservation districts also generally serve as the local sponsors
for watershed management projects implemented under the Watershed Protection and Flood
Prevention Act of 1954 (P.L. 566). This Act authorized the SCS to participate in comprehensive
watershed management projects in cooperation with states and their subdivisions. Eligible
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projects were limited to watersheds of less than 250,000 acres and flood control structures of less
than 12,500 acre feet of storage capacity (Stembridge, undated). P.L. 566 has since been amended
to permit multiple purpose reservoirs to store up to 25,000 acre feet.

PRIVATE SECTOR ACTIVITIES

The private sector also plays important roles in flood loss reduction efforts. Typically, the various
groups within the private sector work with or for government agencies at all levels to research,
develop and implement flood loss reduction activities.

Academic Institutions

The role of academic institutions in flood loss reduction efforts has not changed greatly over the past
25 years. For the most part, academic institutions undertake basic and applied research and provide
educational opportunities. The Water Resources Act of 1964 (P.L. 88-379) authorized the establish-
ment of a Water Resources Research Institute within each state. These institutes have contributed
significantly to research on many flood-related topics.

Several universities have taken on specific roles to disseminate hazards information and sponsor
hazards- and disaster-related research. Other institutions have provided support for numerous
individuals who have specialized in natural hazards and emergency management research. No
academic institution, however, is known to offer a program of study specializing in floodplain
management as described in A Unified National Program for Floodplain Managemeni. Table 7-1
provides a list of academic institutions engaged in various aspects of natural hazards and emergency
management research and education.

Nonprofit and Professional Organizations

There has been a tremendous increase in the number of nonprofit and professional organizations
that have some involvement or interest in flood loss reduction. Several professional organizations
have formed (or have created special interest groups) to address flood loss reduction in general or
some component of flood loss reduction. These groups typically draw their membership from
government agencies, academic institutions, and consulting/contracting companies. Many also
welcome as members any interested individuals, while some — particularly associations of licensed
professionals — have a much more restricted membership. These organizations tend to be national
in scope (many also have state or regional chapters) and they accomplish their objectives through
some combination of: national and regional meetings; publications, including symposium/conference
proceedings, journals and newsletters; lobbying with federal and state governments; and fostering
communication among the membership. Table 7-2 lists selected professional organizations currently
active to some degree in flood loss reduction efforts. Many of these organizations have had a major
influence on national and state policy and legislation.
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Table 7-1. Academic Institutions Engaged in Natural Hazards and Emergency Management
Research and Education.
Arizona State University, Office of Hazard Studies University of California, California Earthquake
School of Public Affairs, Tempe, AZ 85257 Education Project and Chemical Education for Public
Joanne Nigg, Director, (602) 9654505 Understanding Project
Lawrence Hall of Science, Berkeley, CA 94720
Baptist College, Earthquake Education Center Herbert Thier, Director, (415) 642-8718
P.O. Box 1009, Charleston, SC 29411
Joyce Bagwell, (803) 797-4028 University of Central Florida, Florida Sinkhole Research
Institute
Brown University, Alan Shawn Feinstein World Hunger University of Central Florida, Orlando, FL. 32826
Program Barry Beck, Director, (407) 281-5644
P.O. Box 1931, Providence, RI 02912
Robert W. Kates, Director (401) 863-2700 University of Colorado, Natural Hazards Reseach and
Applications Information Center (NHRAIC), Institute of
Clark University, Center for Technology, Behavioral Science
Environment, and Development (Center) IBS #6, Campus Box 482, University of Colorado,
Worcester, MA 01610, Jeanne Kasperson, Research Boulder, CO 80309-0482
Librarian, (617) 793-7133 Dave Morton, Librarian, (303) 492-6818
Colorado State University, Hazards Assessment University of Colorado, U.S. World Data Center for
Laboratory Glaciology, National Snow and Ice Data Center
204 Aylesworth Hall, Fort Collines, CO 80523 Cooperative Institute for Research in Environmental
Dennis Mileti, Director, (303) 491-5951 Sciences (CIRES), University of Colorado, Campus
Box 449, Boulder, CO 80309-0449 Anne Brennan,
Cornell University, Cornell Institute for Social and Professional Research Assistant, (303) 492-1846
Economic Research/Program in Urban and Regional
Studies University of Delaware, Disaster Research Center
Natural Disasters Project, 106 West Sibley Hall, Newark, DE 19716
Comell University, Ithaca, NY 14853 Marge Simmons, Office Coordinator, (302) 451-6618
Barclay G. Jones, Director, (607) 255-6846
University of Hawaii, Pacific Islands Development
Memphis State University, Center for Earthquake Program, Disaster Preparedness and Rehabilitation
Research and Information Project
3890 Central Memphis, TN 38152 East-West Center, 1777 East-West Road, Honolulu,
Arch Johnston, Director (901) 678-2007 HI 96848
Charles Lepani, Director, (808) 944-7745
New York Medical College, Center for Psychological
Resp in Di Emerg (PRIDE) University of Maryland-Baltimore County, Emergency
Valhall, NY 10595 Health Services Program
Michael Blumenfield, Director, (901) 678-2007 Baltimore, MD 21228, James Eastham,
Department Chairman, (301) 455-3223
New York University, Industrial Crisis Institute
649 East 19th Street, Brooklyn, NY 11230 University of Massachusetts, Land and Water Policy
Paul Shrivastava, Director, (718) 859-3435 Center
Department of Geology and Geography, Amherst,
State University of New York at Buffalo, National MA 010003
Center for Earthquake Engineering Research Rutherford Platt, Director, (413) 545-2499
Red Jacket Quadrangle, Buffalo, NY 14261,
Dr. Robert Ketter, Executive Director, University of North Carolina, Center for Urban and
716) 636-3391, 342 Capen Hall, SUNY-Buffalo, Regional Studies
uffalo, NY 14260, Patricia Coty, Manager for Campus Box 3410, Chapel Hill, NC 27599-3410
Information Services, (716) 636-3377 Raymond J. Burby, (919) 962-3074
Texas A & M University, Hazard Reduction and University of North Texas, Emergency Administration
Recovery Center and Planning Degree Program
College of Architecture, Texas A & M University, School of Community Service, P.O. Box 13438,
College Station, TX 77843-3137 Denton, TX 76203
Dennis Wenger, Director (409) 845-7813 Robert R. Reed, Director, (215) 8984589
Texas Tech University, Institute for Disaster Research, University of Pennsylvania, The Wharton School, Risk
Wind Engineering Research Center and Decision Processes Center
P.O. Box 4089, Lubbock, TX 79409 Philadelphia, PA 19104
James R. McDonald, Director (806) 742-3476 Howard Kunreuther, Director, (215) 898-4589
University of Arizona, Office of Arid Lands Studies Untiversity of Pittsburgh, Center for Social and Urban
(OALS), and Arid Lands Information Center (ALIC) Research
College of Agriculture, 845 North Park Avenue, 1617 Cathedral of Learning, Pittsburgh, PA 15260
Tucson, AZ 85719 Jeanette Trauth, Association Director, Risk and
Robert Varady, Manager, (602) 621-7897 Emergency Management Program, (412) 624-5442
University of California, National Information Service University of Wi in-Extension, Disaster Management
for Earthquake Engineering Center
Earthquake Engineering Research Center, 404 Department of Engineering Professional
Davis Hall, Berkeley, CA 94720 Development, 432 North Lake Street, Madison, WI
Jeanette Zerneke, (415) 642-8718 53706 Don Schramm, Director, (608) 262-2061
Source:  Natural Hazards Research and Applications Information Center. “Information Service.” Natural Hazards Observer, 13,

No. 3, January, 1989.




Table 7-2.

Efforts.

Changes in Floodplain Management Since the 1960s

Selected Professional and Nonprofit Organizations Active in Flood Loss Reduction

American Institute of Architects (AIA)

American Planning Association (APA)

American Rivers Conservation Council

American Society of Civil Engineers (ASCE)
American Water Resources Association (AWRA)
Association of Conservation Engineers

Association of State Dam Safety Officials (ASDSO)
Association of State Floodplain Managers (ASFPM)
Association of State River Managers

Association of State Wetland Managers (ASWM)
The Coastal Society

Coastal States Organization (CSO)

The Conservation Foundation (CF)

Council of State Governments (CSG)

Emergency Managers Association (EMA)
Environmental Defense Fund (EDF)
Environmental Law Institute (ELI)

Environmental Policy Center

Friends of the River, Inc.

Interstate Council on Water Policy

National Association of Conservation Districts
(NACD)

National Association of Counties

National Association of Flood and Stormwater
Management Agencies

National Association of Home Builders (NAHB)

National Association of State Conservation
Agencies

National Association of State Recreation Planners
National Audubon Society (NAS)

National Hazards Research and Applications
Information Center (NHRAIC)

National League of Cities

National Organization for River Sports
National Recreation and Parks Association
Natural Resources Defense Council, Inc. (NRDC)
National Trails Coalition

National Waterways Technical Council
National Water Resources Association
National Wildlife Federation

The Natural Areas Association (NAA)
The River Conservation Fund

Sierra Club

The Trust for Public Land

Utrban Land Institute (ULI)

Wetlands for Wildlife




The Management Framework 7-23

An even larger group of private conservation and/or watershed organizations play an important role
in water resources and floodplain management. These organizations are usually nonprofit organiza-
tions and have a broad public membership base. Most participate in various forms of public action
to promote their goals and objectives and educate the public. Many are more directly involved in
environmental issues related to the natural values of floodplains, but they also have concerns with
regard to flood loss reduction. While several of these organizations operate nationally, many more
function at a state, regional, community, and watershed level. Table 7-3 provides a representative
list of these types of organizations.

The most common characteristic of these citizen-based groups is their public educational function.
The organizations are typically unaffected by partisan politics, can conduct effective public forums
on controversial issues, and may be able to respond to an issue more rapidly than government
agencies. A common limitation faced by these organizations, however, is lack of reliable funding
(Blunt, 1985).

Individuals and Corporations

The role of individuals and for-profit corporations in flood loss reduction efforts has also expanded
since the 1960s. As flood loss reduction activities have increased, the opportunities for private sector
involvement have also grown, and numerous individuals and companies have contributed significantly
to the identification, development, and use of some of the major new activities and tools in use today.
Examples include floodproofing techniques and materials, automated flood warning systems,
geographic information systems, remote sensing techniques, and computerized information manage-
ment. -

THE FRAMEWORK FOR MANAGING FLOODPLAIN NATURAL RESOURCES

As described in Chapter 2, the natural and cultural resources of floodplains are many and diverse,
and include functions related to natural flood storage and conveyance, water quality maintenance,
ground-water recharge, wetlands, fish and wildlife, recreation, and forestry and agriculture, among
others. Perhaps with the exception of natural flood storage and conveyance, none of the natural and
cultural resources of floodplains are exclusive to floodplains. That is, ground-water recharge,
agriculture, recreation, and other floodplain functions are also found outside floodplains. Natural
floodplains simply provide special or particularly favorable locations for many of these values.

As a result, federal, state and local programs to manage floodplain resources are usually not focused
on the floodplain, but on a particular resource or activity that may or may not be included in the
floodplain. For example, programs have been developed to protect water quality, but these programs
are not focused on managing just floodplains for water quality protection. Instead, the water quality
functions provided by floodplains are addressed in the context of a broader program. Floodplain
management and/or protection of natural floodplain resources are typically not explicit program
objectives. Consequently, it is difficult to discuss management of floodplain natural resources without
also addressing the same resources in nonfloodplain areas.
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Table 7-3.

Changes in Floodplain Management Since the 1960s

Selected Private Conservation and Watershed Organizations Concerned with Flood

Loss Reduction and Natural Resources Protection.

American Forest Council

American Land Resource Association
American Littoral Society

American Rivers

Coastal Conservation Association

The Coastal Society

Connecticut River Watershed Council, Inc.
The Conservation Foundation

Conservation Law Foundation of New England, Inc.
The Environmental Law Institute
Environmental Policy Institute

Freshwater Foundation

Friends of the Earth

Friends of the River, Inc.

Land Trust Alliance

League of Conservation Voters

Mid-Atlantic Council of Watershed Association
National Association of Conservation Districts
National Audubon Society

National Center for Urban Environmental Studies
National Fish and Wildlife Foundation
National Organization for River Sports
National Park Foundation

National Parks and Conservation Association

National Recreation and Park Association
National Trails Council

National Trappers Association, Inc.
National Trust for Historic Preservation
National Water Resources Association
National Waterways Conference, Inc.
National Wetlands Technical Council
National Wildlife Federation

Natural Areas Association

The Nature Conservancy

New England Natural Resources Center
North American Lake Management Society
The Oceanic Society

Saves the Dunes Council

Sierra Club

Society for Range Management

Soil and Water Conservation Society

The Sounds Conservancy, Inc.

The Trust for Public Land

Water Resources Association of the Delaware

River Basin
Wetlands for Life, Inc.
The Wilderness Society

Wildlife Management Institute

Source: National Wildlife Federation. Conservation Directory 1988. 1988.
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The following sections of the Assessment Report review the management framework for protecting
floodplain natural resources from the standpoint of the broader programs and activities that directly
or indirectly address those resources.

THE FEDERAL FRAMEWORK FOR MANAGING FLOODPLAIN NATURAL RESOURCES

Prior to the 1960s, a number of single-purpose federal laws and programs were established to protect
various natural resources and these laws and programs indirectly addressed the protection of natural
floodplain resources. For example, the creation of national parks and federal forest reserves resulted
in the protection of significant areas of natural floodplains, although floodplain management or
protection of floodplain natural resources were not explicit purposes. Other federal laws specifically
protected wildlife habitat and open space for conservation and recreation.

The Fish and Wildlife Coordination Act of 1958 (P.L. 85-624) formalized federal recognition of the
importance of wetlands as natural habitat and required that most proposed federal projects or federal
permits that would affect streams or other water bodies be submitted to the U.S. Fish and Wildlife
Service (FWS) for review. The Housing Act of 1961 authorized federal grants to communities for
acquisition of open space for conservation, recreation, and related purposes within the context of
comprehensive planning. Many of the urban renewal and public housing projects administered by
the Department of Housing and Urban Development focused on the reuse of blighted areas in the
floodplain. The Land and Water Conservation Fund Act of 1964 (P.L. 88-578) offered financial
assistance for statewide outdoor recreation planning, as well as funds for state and local land
acquisition and development.

Since the late 1960s, management of the water resources functions of floodplains has been accom-
plished through a multitude of federal programs for water quality and pollution control, watershed
management and erosion control, and ground-water and aquifer protection. Restoration and
preservation of floodplain living resources/habitat functions have been addressed in multi-objective
federal programs or activities aimed at protecting inland wetlands, coastal wetlands, and barrier
islands. In addition, other federal programs have been specifically directed toward the protection
of habitat or living resources. Protection of cultural values has often been accomplished through
federally supported open space and recreation planning and urban renewal programs, especially in
older cities where early settlements occurred in the floodplain. Beginning in the 1970s, cultural
resources were also addressed in several other types of programs, including waterfront redevelopment
projects, historic and cultural resources protection programs, and a variety of multi-purpose open
space programs (e.g., water-oriented recreation, public access, and green belt programs).

Among the most significant changes in the federal framework for managing floodplain natural
resources were the creation of the Council on Environmental Quality (CEQ) and the Environmental
Protection Agency (EPA) in 1970, and establishment of the Office of Ocean and Coastal Resources
Management (OCRM)* within the National Oceanic and Atmospheric Administration (NOAA) in
1972. The number of agencies concerned with protection of floodplain natural resources and their

4 Originally called the Office of Coastal Zone Management (OCZM).
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range of program activities is no less extensive and complex than the number of agencies and
programs involved with flood loss reduction.

The following major federal actions and programs have contributed, either directly or indirectly, to
protection and management of natural floodplain resources.

House Document 465

In 1966, House Document 465, A Unified National Program for Managing Flood Losses, signaled the
beginning of a new era in the management of flood losses. The natural resources functions of flood-
plains, however, were not specifically addressed, although the Document did recognize the need to
expand the interest in floodplain use in open space acquisition programs for conservation, recreation,
and other purposes. H.D. 465 noted “the possibility that in some reaches the development of
floodplains for recreation may be their most efficient use and that floodplain regulation may be an
important part of a recreation program,” and recommended that “Authority should be given by the
Congress to include land acquisition as part of flood control plans” (Task Force on Federal Flood
Control Policy, 1966).

National Environmental Policy Act

It was not until the National Environmental Policy Act (NEPA) was signed by President Nixon in
1969 and became effective on January 1, 1970 (P.L. 91-190) that the natural resources of floodplains
and other natural systems were formally recognized and incorporated in the federal decision-making
process. By declaring environmental quality a national goal and establishing procedures for environ-
mental assessment of proposed federal projects and programs, NEPA provided a firm foundation
for consideration of the environmental values associated with floodplains. Protection of natural
floodplain resources was facilitated, in particular, through the evaluation of potential impacts of
development on natural resources, including natural floodplain resources and values, and the consider-
ation of alternative actions to floodplain use and development.

Executive Orders on Floodplains and Wetlands

The federal Executive Orders on Floodplain Management (E.O. 11988) and Wetlands Protection
(E.O. 11990) issued in 1977 further specified and emphasized natural floodplain resources. E.O.
11988, which applies to all proposed actions of all federal agencies, brought together concerns for
human health, safety, welfare, and property with concerns for restoring and preserving natural
floodplain resources. The 1986 Unified National Program noted that “... most of the Nation’s
wetlands, coastal barrier islands, and marine sanctuaries are located within riverine and coastal
floodplains. Thus, the Floodplain Management Order is central to these other areas of environmental
values” (Federal Interagency Floodplain Management Task Force, 1966).

E.O. 11990, which established federal policy favoring the protection of wetlands and required the
evaluation of impacts of proposed actions on wetlands, applies to most federal actions affecting
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wetlands, including federal projects, federally funded activities, and other activities licensed or
regulated by federal agencies. E.O. 11990, however, is not applicable to “permits, licenses, or
allocations to private parties for activities involving wetlands on nonfederal property.”

A Unified National Program for Floodplain Management

Natural and beneficial resources were mentioned several times in the 1976 edition of 4 Unified
National Program for Flood Plain Management, and were explicitly addressed in the 1979 revisions
to that document that were prepared in response to the 1977 floodplain management and wetlands
protection executive orders. The 1979 version of A Unified National Program for Floodplain Manage-
ment described the natural resources provided by floodplains in three broad categories: 1) water
resources (including natural flood storage and conveyance, water quality maintenance, and ground-
water recharge); 2) living resources (habitat); and 3) cultural resources (including recreational,
historic, cultural, archaeologic, education, aquaculture, agriculture, and forestry resources). The 1979
report also described two basic strategies — preservation and restoration — for protection of natural
resources, along with a variety of tools available for carrying out the preservation and restoration
strategies. (U.S. Water Resources Council, 1979). Chapter 14 describes how these strategies and tools
have been applied to protect and manage floodplain natural resources.

Principles and Guidelines

The “Economic and Environmental Principles and Guidelines for Water and Related Land Resources
for Implementation Studies,” issued by the Water Resources Council in 1983, provided for considera-
tion of floodplain natural resources in federal water resources planning. In accordance with these
guidelines, the potential of the floodplain for providing natural and beneficial resources (including
open space, recreation, wildlife, natural flood storage, and wetland resources) must be considered
in the evaluation of alternative proposals for federal water resources projects.

Water Quality/Pollution Control

The Federal Water Pollution Control Act Amendments of 1972, the Rural Clean Water Program,
and the Safe Drinking Water Act of 1974 authorized important programs that serve to protect natural
floodplain resources, specifically water quality functions.

® Federal Water Pollution Control Act Amendments (Clean Water Act). Principal federal responsi-
bility for water quality programs was assigned to the U.S. Environmental Protection Agency by
the “Clean Water Act” of 1972 (P.L. 92-500). Several programs authorized by this Act and its
amendments affect natural floodplain resources through establishment of water quality standards,
provision for water quality certification, grants and loans for construction of waste treatment
facilities, nonpoint source pollution control, stormwater pollution control, development of a
National Estuary Program, and permits for dredge and fill activities.
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Section 208 of the Clean Water Act of 1972 authorized funding for development of state plans
to identify and control nonpoint sources of pollution, including erosion. The Water Quality Act
of 1987 (P.L. 10-4) gave new emphasis to the nonpoint source program by authorizing implemen-
tation funds as well as additional planning funds. Section 319 of the Act established requirements
for states to prepare and submit to the EPA a nonpoint source assessment report and a nonpoint
source management program. Section 319 also authorized funding for implementation of these
nonpoint source management programs. Additional implementation funds were authorized by
Section 205 (j)(5) and Section 201 (g)(1)(b) which allow states to use up to 20 percent of their
construction grant funds for implementing their approved nonpoint source management programs
(referred to as the Governor’s 20 Percent Discretionary Fund) (Kay, 1990).

Section 405 of the Water Quality Act of 1987 (P.L. 100-4) gave the EPA broad authorities to
regulate stormwater discharges. Over the next few years, major municipalities (with population
greater than 100,000) will be required to participate in an EPA permit program for stormwater
discharges similar to the current wastewater discharge permit program. After October 1, 1992,
the stormwater discharge program will be expanded to include industries and smaller communities.
These requirements represent a significant change in the Nation’s approach to stormwater as the
water quality of stormwater discharge will be as important a consideration as its quantity
(Meagher, 1988; Association of State and Interstate Water Pollution Control Administrators,
1986).

¢ Rural Clean Water Program. The Rural Clean Water Program, authorized by Section 35 of P.L.
95-217 and administered by the Soil Conservation Service, provides for a program of protecting
water quality in rural floodplains through establishment of best management practices to control
nonpoint source pollution (Buie, 1979).

® Safe Drinking Water Act of 1974. As authorized by the Safe Drinking Water Act of 1974 (P.L.
93-253), the EPA may designate an aquifer as a principal water supply source and require review
of any project affecting the aquifer. Federal assistance to the project may be denied if the project
would result in contamination of the designated water source.

Watershed Management and Erosion Control

The Soil Conservation Service has been involved in watershed management and flood prevention since
it was established in 1935. Under the Small Watershed Program (the P.L. 566 Program), more than
1,350 projects have been planned since the program was established in 1954. In addition to flood
prevention and watershed protection, purposes of the program include public recreation development
and fish and wildlife development. As part of its general responsibilities, the SCS regularly works
with local conservation districts to assist individual property owners, local municipalities, and others
in controlling erosion from both rural and urban areas.

Under the Conservation Provisions of the Food Security Act of 1985 (P.L. 99-198), the SCS and local
conservation districts are responsible for developing management plans for highly erodible agricultural
land to ensure that erosion can be reduced to “tolerable” levels. This Act established the Conserva-
tion Reserve Program (CRP) through which farmers may receive payments to set aside highly erodible
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cropland for at least ten years. Also, the “Sodbuster” provisions of the Food Security Act of 1985
directed the U.S. Department of Agriculture to withhold commodity crop subsidy payments to
individuals who convert rangeland to cropland without adequate provision for erosion control.

Coastal Management

Coastal management legislation and programs have had an important impact on floodplains and the
protection of floodplain natural resources.

e Coastal Zone Management Act. The Coastal Zone Management Act (CZMA) of 1972 (P.L. 92-
583) authorized federal grants to states for development and implementation of coastal manage-
ment programs for water and land resources in coastal zones. When the CZMA was amended
in 1980, goals for both flood loss reduction and protection of natural resources were incorporated
in the coastal management goals. States were required to provide for “the management of coastal
development to minimize the loss of life and property caused by improper development in flood-
prone, storm surge, geological hazard, and erosion-prone areas and in areas of subsidence and
saltwater intrusion, and by the destruction of natural protective features such as beaches, dunes,
wetlands and barrier islands.” As part of the most recent reauthorization of the CZMZ in 1990,
the states were encouraged to provide for “the study and development, in any case which the
Secretary considers it to be appropriate, of plans for addressing the adverse effects upon the
coastal zone of land subsidence and of sea level rise...”

Also in 1990, a new section 309, Coastal Zone Enhancements Grants, of the CZMA was estab-
lished. The purpose of this section is to encourage the states to undertake improvements to their
existing coastal management programs to address one or more of eight identified objectives. One
of these objectives is “preventing or significantly reducing threats to life and destruction of
property by eliminating development and redevelopment in high-hazard areas, managing develop-
ment in other hazard areas, and anticipating and managing the effects of potential sea level rise
and Great Lakes level rise.” The Enhancement Grants, which are 100% federally funded, are
supported by a percentage of the funds appropriated for support of the basic coastal management
program.

o Coastal Barrier Resources Act. Concerns over past and possible future damage costs, along with
environmental and public safety concerns and the realization that federal programs have histori-
cally encouraged and assisted development of barrier islands with resulting losses of natural,
cultural, recreational, and other resources, led to the enactment of the Coastal Barrier Resources
Act (P.L. 97-348) in 1982. The law was designed to establish a system of largely undeveloped
coastal barriers along the Atlantic and Gulf coasts (totalling 656 miles of oceanfront shoreline
and encompassing 454,000 acres) and to restrict federally subsidized development of those barriers
(Platt, 1987b).

® NOAA, Coastal Hazards Program. In 1980, the National Oceanic and Atmospheric Administra-
tion established a Coastal Hazards Program to provide further assistance to coastal states for
planning for and responding to coastal hazards, including hurricane, flooding, shoreline erosion,
and subsidence hazards.
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¢ National Estuary Program. The National Estuary Program, authorized by Section 317 of the
Water Quality Act of 1987 (P.L. 100-4), provides a comprehensive planning and implementation
process for nationally significant estuaries. Program goals are the protection and improvement
of water quality and the enhancement of living resources. These goals are to be achieved through
collaborative efforts called Comprehensive Conservation and Management Plans (CCMPs).

Wetland Protection

Wetland protection programs (both regulatory and nonregulatory) are often directly applicable to
floodplain management. Wetlands are typically the most hazardous areas of floodplains — often
found within the one-year or two-year floodplain — and the natural functions of wetlands (including
flood storage, wave reduction, habitat and erosion control) are well-recognized. Federal responsibili-
ties for wetland protection and management include regulatory authority (primarily through the
Section 404 (of the Clean Water Act) Regulatory Program), inventories and technical assistance in
wetland evaluation, and funding of wetland acquisition (either directly by federal agencies or through
provision of funds for state and local acquisition). The principal federal agencies responsible for
wetland protection are the Corps of Engineers, the Fish and Wildlife Service, the Soil Conservation
Service, and the Environmental Protection Agency. The following federal laws are of particular
significance with regard to wetland protection.

® Water Bank Act of 1970. The Water Bank Act of 1970 (P.L. 91-559) authorized the Water Bank
Program administered by the Agricultural Stabilization and Conservation Service (ASCS) of the
USDA. Under this program, wetlands along waterfowl flyways are withheld from farm use under
10-year agreements with landowners. Landowners receive annual payments to help preserve
wetlands that are important breeding and nesting areas for migratory waterfowl. While waterfowl
habitat protection is the primary objective, other program objectives include flood control, ground-
water recharge, and pollution and sediment control.

® Clean Water Act, 1972. Section 404 of the Clean Water Act of 1972 (as amended) supplemented
the Corps of Engineers’ existing permitting program (authorized by Section 10 of the River and
Harbor Act of 1899) regarding activities in traditionally navigable waters. Section 404 requires
permits for the discharge of dredged or fill material into all waters of the United States. Various
court decisions expanded the Corps’ jurisdiction to cover all waters of the United States, including
adjacent wetlands. Through this expansion of jurisdiction, the Corps’ responsibilities in floodplain
management were strengthened. Section 404 also authorized the EPA to prohibit or restrict
discharges with unacceptable adverse impacts on fish, shellfish, wildlife, water supply or recreation.
The Section 404 Program also provides for the consideration of flood conveyance, flood storage
and flood damage potential in the evaluation of permit applications.

® Food Security Act of 1985. The “Swampbuster” provisions of the Food Security Act of 1985
rescinded a policy established in the original Swamplands Act of 1849 (applying to Louisiana)
that had encouraged reclamation of wetlands. Under the Swampbuster provisions, federal
agricultural subsidies, farm storage facility loans, crop insurance, and agricultural disaster
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payments are not to be made to individuals who convert wetlands to commodity crops after 1985
(Platt, 1987b).

The Conservation Reserve Program (CRP) authorized by the Food Security Act of 1985 focuses
on the protection of highly erodible lands, but previously converted wetlands may also qualify for
“set-aside” under the CRP. In addition, land may be enrolled in the CRP as a “filter strip” if
it is located adjacent and parallel to: a) a continually flowing stream, creck, or river; b) a seasonal
stream that flows only during a part of the year; or c) a lake or other permanent body of water,
including wetlands, with a surface area of at least five acres (Soil and Water Conservation Society,
undated).

¢ Emergency Wetlands Resources Act of 1986. The Emergency Wetlands Resources Act of 1986
(P.L. 99-645) includes a variety of measures to promote wetland conservation and offset or
prevent wetland losses. Title II of this Act authorizes several sources of increased funding for
the Migratory Bird Conservation Fund, including acquisition of migratory bird habitat and opera-
tion and maintenance of refuges. Title IIT amends the Land and Water Conservation Fund
(LWCF) to: 1) eliminate the restriction on acquiring migratory waterfowl areas; 2) require that
Statewide Comprehensive Outdoor Recreation Plans specifically address wetlands as important
outdoor recreation resources; and 3) qualify wetlands as suitable replacement for LWCF lands
converted to other uses. Title IV directs the Secretary of Interior to continue the National
Wetlands Inventory and to update the Fish and Wildlife Service report on status and trends of
wetlands and deepwater habitat. Title IV also directs the Secretary of Interior to report to
Congress on the status, condition and trends of wetlands and the effects of federal programs on
wetlands in specified problem areas of the United States. (Pierce, 1988).

Wild, Scenic and Recreational Rivers

The designation of certain of the Nation’s rivers as “wild and scenic” serves to protect floodplain
natural resources.

® Wild and Scenic Rivers Act of 1968. The Wild and Scenic Rivers Act of 1968 (P.L. 90-542)
provided for the designation of “wild and scenic” rivers and the evaluation of federal projects
that would impact the values of those designated rivers. Section 5(d) of this Act requires all
federal agencies involved in “planning for the use and development of water and related land
resources” to give consideration to potential national wild, scenic and recreational river areas.
Section 7 of the Act prohibits the Federal Energy Regulatory Commission from licensing the
construction of any dam, water conduit, reservoir, powerhouse, transmission line, or other project
works on or directly affecting any component of the National Wild and Scenic Rivers System.
Further, no department or agency of the United States is to assist by loan, grant, license or other-
wise in the construction of any water resources project that would have a direct and adverse effect
on the “wild and scenic” values of designated rivers (National Park Service, 1989).

Under Section 11 of the Wild and Scenic Rivers Act, the National Park Service (NPS) established
a State and Local River Conservation Assistance Program. The NPS offers assistance to state
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and communities in protecting rivers and streams throughout the country (Chester River Associa-
tion, 1988).

Fish and Wildlife Protection

The U.S. Fish and Wildlife Service administers several programs to protect fish and wildlife (including
rare and endangered species) and their habitat. Other agencies are involved in fish and wildlife
protection through a variety of programs. Since the 1960s, protection efforts have been expanded
through both legislation and an international agreement.

® Endangered Species Act of 1973. The Endangered Species Act of 1973 (P.L. 93-205) provides
for the protection and restoration of threatened and endangered species and their critical habitats.
Section 15(b) of the Act authorized the FWS to provide grants to states that have entered into
cooperative agreements with the FWS to assist in the development of programs for the conserva-
tion of endangered and threatened species. Funds may be used for land acquisition, research,
habitat surveys, planning, management, and public education. The FWS will normally provide
up to 75 percent of eligible project costs (Office of Management and Budget, 1988).

® North American Waterfowl Management Plan. In 1986, United States and Canadian officials
signed the North American Waterfowl Management Plan. This 15-year plan provides a frame-
work for international cooperation to protect waterfow] habitat, restore declining waterfowl
populations, and enhance research and management. Its objective is to restore North American
waterfowl populations to levels prevalent in the 1970s. Among the measures called for by the
plan is the restoration of over five million acres of wetlands in the United States and Canada
(Groman, 1986; Collins, 1988).

Historic and Cultural Resources Preservation and Restoration

Preservation of historic resources and establishment of national landmarks began in the United States
in the mid-1800s.5 It was not until the 1960s, however, that federal efforts, supported by state and
local preservation laws and activities, became integrated in a comprehensive, focused program. The
National Historic Preservation Act (NHPA) of 1966 (P.L. 89-665) gave the National Park Service
authority to designate privately owned cultural resources as “significant” and to provide grants for
their rehabilitation. The NHPA also created the Advisory Council on Historic Preservation. In
addition, the NHPA broadly defined the federal interest in historic resources to include resources
of state and local value, as well as nationally significant properties. As amended, the NHPA remains
the “key federal law designed to encourage identification and preservation of America’s cultural
resources” (Duerkson, 1983). The NPS is the agency with principal federal responsibility for historic
and cultural resources.

> See Duerkson, 1983, for discussion of the evolution of federal efforts for historic preservation.
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STATE AND COMMUNITY FRAMEWORK FOR MANAGING
FLOODPLAIN NATURAL RESOURCES

At the state and local levels, numerous regulatory and nonregulatory programs have been developed
that apply directly or indirectly to floodplains. These include wetland, coastal management, sand dune
protection, and shoreline management programs. Many of these programs have paralleled federal
efforts in resource management and environmental protection. In addition, many state and local
governments have incorporated performance standards or guidelines for the protection of natural
resources into zoning, subdivision, and other community regulations. The application of various
techniques by state and local governments to protect and manage natural floodplain resources is
described in Chapter 14.

As with many federal programs, management of floodplain natural resources is generally not an
explicit objective of state and local programs, but is often accomplished incidentally with multi-
purpose programs or programs directed at specific resources.

Environmental Policy

Several states have adopted environmental policy acts that provide for consideration of the impacts
of proposed state and local projects on natural resources, including natural floodplain resources and
values. As of 1986, thirteen states had established environmental policy acts that ranged from simple
statements regarding the control of air, water and land pollution to complex documents with
requirements for environmental impact statements (Cowles, 1986).

Wetland Protection

All coastal states currently have wetland protection programs (these are either separate coastal
wetland programs or programs that incorporate the regulatory provisions of coastal management or
shoreland management programs) (Kusler, 1982). In addition, several states have wetland mapping
programs and several states have explicit inland wetland protection programs requiring permits for
activities in these areas. Some inland wetland protection programs are based on direct state
permitting; others on local permitting subject to state oversight or standards. Local governments have
also adopted wetland permitting programs (with regulations consistent with state standards) or
combined wetland protection and floodplain management ordinances.

A recent report prepared for the EPA notes that “today, many federal agencies, including the EPA,
recognize that much of the progress being made in wetland protection is occurring within state and
local programs” (Cowles, 1986). However, the same report discusses several inadequacies in the
Nation’s program for wetland protection. These inadequacies include the varying extent of regulatory
jurisdiction, the different use of restrictions for different wetlands, variation in enforcement, voluntary
participation in some types of programs, and state and federal laws that act to discourage wetland
protection.
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Coastal and Shoreline Management

All coastal and Great Lakes states with the exception of Georgia, Illinois, Indiana, Minnesota, Ohio,
and Texas have adopted federally approved coastal management programs, most prepared in response
to the federal CZMA. Georgia and Minnesota have coastal regulatory programs, but not federally
approved coastal management programs. Coastal management programs in California and Oregon
predate the federally supported effort.

Through their coastal management programs, the states have adopted a great variety of measures
that directly or indirectly address coastal floodplains and naturai resources. Some have adopted
comprehensive legislation that includes various provisions for restoration and preservation of living
resources, natural areas, floodplains, and other resources. Other exam ples of measures include: beach
and sand dune protection plans, ordinances, and regulations; wetland mapping and regulatory
standards; use standards for critical areas; designation of areas for preservation/restoration; and site
plan reviews for development in coastal areas. At the local level, some communities have developed
coastal management programs consistent with a state-established management framework. Some
state programs provide for local application of state controls.

As of 1982, six states (Maine, Michigan, Minnesota, Vermont, Washington, and Wisconsin) had
enacted special legislation for protection and management of shoreline areas and had established
state standards for local regulation (Kusler, 1982). This kind of legislation generally establishes
multiple goals for shoreline areas, including goals for the protection of wildlife, protection of sensitive
shoreland areas (beaches, sand dunes), and erosion control.

At the local level, regulations (many of which include flood hazard provisions) have been adopted
by many communities. Many local zoning and subdivision regulations, for exam ple, include provisions
related to protection of natural floodplain resources, such as shoreline setback provisions, density
limits in shoreland areas, and specification of uses compatible with natural resources protection.

Other Resource Protection Programs

A 1982 report prepared for the Water Resources Council (Kusler, 1982) included the following
descriptions of the extent to which state and local resource protection/management programs and
floodplain management and regulatory programs addressed floodplain natural resources.

* FLoop conveyance: “Protection of flood conveyance was a common objective of shoreland, wild
and scenic river, wetland regulatory, and floodplain management programs in the 1970s. Many
of these programs were designed to protect the entire natural or ‘no-rise’ floodway.”

* FLOOD sTORAGE: “Protection of flood storage was an objective of most inland and local wetland
programs and some shoreland zoning and wild and scenic river programs. Some localities also
adopted floodplain or stormwater management regulations to protect storage.”

*  WILDLIFE HABITAT: “Most state coastal and inland wetland regulation and acquisition programs
and the Federal 404 permit program are designed, in part, to protect duck nesting and fish
spawning grounds. However, state and federal floodplain management regulations rarely
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emphasize wildlife protection as an objective, although they may incidentally achieve this result
by limiting alteration of habitat.”

o POLLUTION CONTROL: “Federal, state, and local wetland, shoreland zoning, coastal zone manage-
ment, and wild and scenic river programs are designed, in part, to prevent pollution by providing
setbacks and maintaining vegetation ... Although pollution control is often a stated objective
of floodplain regulations, regulation of shoreland vegetation removal and control of subtle sources
of pollution is rare.”

o NATURAL CROPS, AGRICULTURE AND FORESTRY: “Some wetland and coastal zone management pro-
grams are designed in part to protect natural crops. Floodplain regulatory programs rarely
address this issue ... Measures to preserve prime agricultural lands and shape urban growth have
been taken in California, Hawaii, Maryland, Massachusetts, New Jersey, and Oregon ... Some
wetland and forest protection programs regulate excessive cutting in forest areas.”

e GROUND-WATERSUPPLY: “Some independent wetland and aquifer recharge protection regulations
have been adopted, particularly in Massachusetts and the West. However, floodplain regulations
rarely cover groundwater supply and recharge, although they may incidentally serve to protect

- recharge by limiting impermeable surface.”

e RECREATION, CULTURAL AND HISTORIC RESOURCES: “In many areas of the country, states and
localities have acquired floodplains to serve fishing, hunting, bird watching, picnicking, hiking,
jogging, swimming and boating areas ... Boston, Austin and Tulsa ... have focused their major
urban renewal and historical preservation and restoration projects on waterfront areas ...
Floodplain regulations protect recreation and cultural values by limiting development densities
and encouraging such private recreational uses as golf courses, picnic areas, and playing fields.”

States and communities have also adopted several other types of resource management programs
that indirectly contribute to management of natural floodplain resources. For example, Wild and
Scenic Rivers or River Corridor Programs have been adopted in several states, including California,
Michigan, Minnesota, New York, and Oregon. In addition, states have a variety of laws and
regulations that limit the removal of trees along streams to protect esthetics, water temperature, and
fish habitat. Thirty two states have established Streamside Management Area best management
practices for timber harvest near streams (Essig, 1991).

Stormwater management has traditionally been a local concern, with only limited state and federal
government involvement. Stormwater management is now taking on more importance at the local
level and receiving increased attention from state and federal governments. Many urban communities
have begun to recognize that areas devoted to stormwater management represent a significant portion
of their open space land and opportunities for urban recreation and wildlife protection. In addition,
the cost to communities of damages caused by stormwater flooding and investment in costly channel-
ization and other conduits can sometimes be reduced through different approaches to stormwater
management. A nationwide survey of communities in 1983 showed that only 39% had stormwater
regulations in effect (Burby, 1985).

Counties, special districts, and conservation districts as previously described are also active in
managing natural resources. Within the last few years, several stormwater management utilities have
been organized as special districts.
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PRIVATE SECTOR ACTIVITIES FOR MANAGING FLOODPLAIN
NATURAL RESOURCES

The role of the private sector in protecting natural floodplain resources is similar to the private sector
role for flood loss reduction. Academic institutions, professional and nonprofit groups, and for-profit
organizations have all made important contributions to the preservation and restoration of floodplain
natural resources.

The role of national and local land trusts and similar organizations is particularly significant. Over
700 of these organizations exist throughout the Nation. Most are incorporated as nonprofit organiza-
tions so that they may receive donations, including donations of land, that provide tax benefits for
donors. Typically, land trusts are created to receive and manage land as open space or for historic
purposes. Many target particular types of land for acquisition, frequently including wetlands,
floodplains, and unique habitat areas.

The private sector, particularly academic institutions and corporate entities, has also contributed
importantly to wetland creation and restoration/enhancement efforts.

THE UNITED NATIONS INTERNATIONAL DECADE FOR NATURAL
DISASTER REDUCTION

In 1987, the United Nations’ General Assembly passed resolution No. 42-169 and declared 1990 to
2000 A.D. as the International Decade for Natural Disaster Reduction (IDNDR). The UN’s goal
during the IDNDR s to take concerted action to reduce loss of life and property and to minimize
the social and economic disruption of natural disasters. The UN urged each member country to
develop a national program for the IDNDR.

In 1989, the Committee on Earth and Environmental Sciences of the President’s Office of Science
and Technology Policy formally established the Interagency Subcommittee on Natural Disaster
Reduction. The Subcommittee’s goal is to develop a comprehensive U.S. plan for reducing natural
disasters. It is anticipated that this Assessment Report will provide useful input to the United States’
program for the IDNDR.

SUMMARY AND CONCLUSIONS

The extent and manner to which floodplain management is conducted at each level of government
is highly dependent on authorizing legislation and the agencies given responsibility for carrying out
legislative mandates. The management framework for flood loss reduction does not exist as a
separate, easily identifiable set of legislative and policy directives. In many cases flood loss reduction
initiatives are included within a larger program effort — within water resources management,
emergency management, environmental protection, and community development and redevelopment
programs, for example. Similarly, the management framework for protection of floodplain natural
resources can not be described as a separate, cohesive set of actions. Instead, efforts to protect
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floodplain natural resources are part of broader resource protection programs that address, sometimes
only incidentally, the natural resources associated with floodplains.

Despite the difficulty of precisely describing the management framework for floodplain management,
it is clear that this framework has changed and expanded significantly since the 1960s. Some of these
changes — notably the National Flood Insurance Program — have been the direct result of initiatives
to implement a recommendation of House Document 465 —A Unified National Program for Managing
Flood Losses. Others, such as the Executive Order on floodplain management, and incorporation
into the Unified National Program of goals to restore and preserve floodplain natural resources, have
resulted from actions of the Federal Interagency Floodplain Management Task Force. Still others,
such as recent changes to the NFIP to provide for flood insurance payments to structures in imminent
danger of collapse due to erosion and changes to disaster assistance legislation to provide funds for
mitigation, have been strongly influenced by the efforts of state and local governments and by
professional organizations. Many more changes have occurred as a result of other, less easily
identifiable factors, such as grassroots support for environmental protection and pollution control
programs.

Whatever the mechanisms leading to change, a major strengthening of the framework for floodplain
management has been accomplished at all levels of government. Reduction of flood losses is now
less dependent on flood control works and federal actions. While the federal government has been
and remains a strong force behind efforts to reduce flood losses and protect natural floodplain
resources, a major shift has occurred toward an essential partnership among federal, state and local
governments. A shift has also occurred toward a combined program of structural and nonstructural
approaches to floodplain management. Full coordination of the many separate programs that now
form the expanded framework for floodplain management has yet to be achieved, however, within
and between the different levels of government that are involved.



CHAPTER 8:

REGULATORY AND DESIGN
STANDARDS

A national standard is necessary, and the 100-year standard is reasonable and widely used. All
states that have adopted a standard use the 100-year standard. About 17,000 communities in
the nation use the standard in their local floodplain management regulations.

Association of State Floodplain Managers, 1983

Standards provide a means for uniform application and review of design, construction and regulatory
practices. By examining the degree to which standards have been adopted and complied with, a
limited measure of the effectiveness of program implementation can be determined. Two types of
standards are generally employed — prescriptive standards and performance standards — and both
are utilized for floodplain management purposes. A prescriptive standard sets some clearly identified
limits, such as the minimum height a building must be elevated above flood waters. A performance
standard generally requires that some goal be achieved, but allows for flexibility in how that goal may
be attained. A requirement that buildings be designed and constructed so as to withstand the forces
exerted by floodwater is an example of a performance standard.

When a Unified National Program for Floodplain Management was first proposed in 1968, few
nationwide standards for floodplain management existed. During the past 20 years, some of the
standards that were in use in the mid-1960s have changed and additional standards have emerged.
Several nationwide standards are now in place that apply directly to floodplain management for loss
reduction or the protection of natural resources. Many other standards indirectly influence floodplain
management, particularly standards pertaining to natural resources protection.

Nationwide standards are typically established by federal agencies as part of program regulations,
or sometimes directly by Congress. These standards may be mandatory or required only if there is
participation in a voluntary federal program. Federal agencies commonly establish some minimum
standard with which state or local governments must comply. Generally, the state and local govern-
ments are then free to impose a more stringent standard within their jurisdictions. They may not,
however, adopt a standard that is less restrictive than the federally established minimum standard.
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FLOOD LOSS REDUCTION STANDARDS

Most floodplain management standards aimed at reducing flood losses relate in some manner to the
frequency, depth or extent of flooding that can be predicted at a particular location, or to the
placement of structures or other obstructions within a regulated floodplain. Most of the nationwide
standards for flood loss reduction are derived from the minimum floodplain management criteria of
the National Flood Insurance Program (NFIP).

ONE PERCENT ANNUAL CHANCE (“100-YEAR”) FLOOD AND FLOODPLAIN

The one percent annual chance flood! and floodplain have been widely adopted as a common design
and regulatory standard in the United States. Prior to recognition of the one percent annual chance
standard, several other standards existed. Early standards for the design of engineering works to
reduce flood losses included the “maximum probable flood” adopted by the Tennessee Valley
Authority (TVA) and the “standard project flood” adopted by the Corps of Engineers (Corps). In
addition, shortly after the TVA initiated its floodplain management assistance program in 1953, it
began promoting the use of a “regional flood” standard (based on a flood comparable in magnitude
to the largest known floods on similar streams within approximately 60 to 100 miles) for local flood
damage prevention planning. In the 1960s, the Corps adopted an “Intermediate Regional Flood”
(one percent frequency) flood level as its nonstructural standard. In the 1950s, the Soil Conservation
Service (SCS) adopted a “25-year” (four percent annual chance) flood level as its standard for use
in agricultural flood hazard areas and a one percent flood level for urbanized areas. Several states
also enacted floodplain encroachment laws incorporating different standards, including the one
percent annual chance flood (Federal Emergency Management Agency, 1983).

The move toward a national program of flood insurance in the mid-1960s provided the major impetus
for developing a uniform national standard. In order to provide an effective flood insurance program,
an accurate assessment of risk based on a reasonable standard was essential. As part of its process
of developing regulations for the NFIP, the Department of Housing and Urban Development (HUD)
convened a group of experts to provide advice on a regulatory standard. This group recommended
adoption of the one percent flood for determining acceptable risk, and that standard was incorporated
into the NFIP regulations and subsequently specified by Congress in the 1974 amendments to the
NFIPZ As thousands of communities began to participate in the NFIP, the one percent annual
chance flood standard came into common use.

The one percent annual chance flood is also known as the “100-year” flood and the base flood. Since the
“100-year” flood is a statistical probability, flood levels of this magnitude may occur with a greater or lesser
frequency than once every 100 years, and may occur even in successive years. There is a 26 percent chance
of a “100-year” flood occurring at some point during the life of a 30-year mortgage. Chapter 9 describes
some of the confusion generated by “one percent annual chance flood,” “100-year flood,” and other
terminology used to express the same concept.

The “100-year” floodplain is designated as Special Flood Hazard Areas on maps prepared by the Federal
Insurance Administration (e.g., all A and V zones on Flood Insurance Rate Maps). Further discussion is
provided in chapters 11 and 13.
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Most states have now enacted state legislation specifying the one percent flood as a standard. Those
states without specific legislation support the use of a one percent standard on a community-by-
community basis (Federal Emergency Management Agency, 1983).

The one percent annual chance flood was formally established as a standard for use by federal
agencies with the issuance of Executive Order 11988 (the Floodplain Management Executive Order)
in 1977. At the request of the Office of Management and Budget (OMB), the Federal Emergency
Management Agency (FEMA) reviewed the appropriateness of the one percent annual chance flood
standard in 1982 (Federal Emergency Management Agency, 1983). FEMA concluded that:

1) The one percent flood standard is strongly supported and being applied successfully by all levels
of government.

2) No alternatives have been identified that are superior to the one percent flood standard, and
there is no evidence to justify the expenditure of funds that would be necessary to convert to
another standard.

3) The review revealed areas in which improvements or refinements in application of the one
percent flood standard to unique flooding situations could further affect flood loss reduction.

FEMA then made the following recommendations:

1) The one percent flood standard should be retained.

2) The federal agencies should be advised that the one percent flood standard is appropriate and
should continue to be utilized as the minimum standard in flood hazard reduction actions.

3) FEMA should take the lead in evaluating mitigating measures that can be applied to reduce flood
losses in unique situations such as alluvial fans and headwater flooding, and to develop the
technical methods of applying the one percent flood standard to these problem areas.

OTHER FLOOD FREQUENCY STANDARDS

Although the one percent annual chance flood has been adopted as the primary standard for
floodplain management, other standards, including those established by the “Economic and Environ-
mental Principles and Guidelines for Water and Related Land Resources for Implementation
Studies,” may apply in certain situations. In the interest of safety, some agencies have adopted more
stringent standards, several of which are described here.

“Economic and Environmental Principles and Guidelines”

In March 1983, the Water Resources Council (WRC) issued the “Economic and Environmental
Principles and Guidelines for Water and Related Land Resources for Implementation Studies.”
These Principles and Guidelines provide guidance to federal water resource agencies for maximizing
net returns when formulating project proposals. In accordance with the Principles and Guidelines,
maximum net returns using the “National Economic Development” (NED) account should be evaluat-
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ed to optimize and proportion proposed water and related land resources projects. With regard to
flood prevention projects, this may mean designing a level of protection based on a standard different
than the one percent annual chance flood used in the NFIP. If a level of protection other than the
optimum established by the NED account is to be provided, the federal agency should justify the
selected level of protection with respect to social impacts, environmental improvements, or regional
development considerations. Since 1983, projects have been formulated to reflect various levels of
protection depending on flood damage, economic conditions, and physical settings.

Individual measures are designed to meet the agencies’ engineering and other safety criteria. Where
a system of measures is needed to provide for an overall flood control program, however, the total
system should be optimized in accordance with the Principles and Guidelines to maximize net returns.

Two-tenths Percent Annual Chance (“500-Year”) Flood and Floodplain

The WRC’s Floodplain Management Guidelines (U.S. Water Resources Council, 1978) for implement-
ing Executive Order 11988 (Floodplain Management) call for federal agencies to apply a “500-year”
flood* (0.2 percent flood) standard to the location of “critical activities.” Critical activities may
include health care facilities such as hospitals and nursing homes, emergency service facilities, and
areas for the storage of hazardous materials.

Standard Project Flood and Probable Maximum Flood

It may be appropriate to apply a very large (low frequency) design flood standard to the design of
major flood control structures, especially if the failure of those structures could result in massive
damage or great loss of life. These large design floods are usually referred to as a Standard Project
Flood (SPF) or a Probable Maximum Flood (PMF). Neither the SPF nor the PMF are equivalent
to a specific return flood frequency. The SPF represents the most severe combination of meteorologi-
cal and hydrological conditions considered “reasonably characteristic” of a particular region (U.S.
Army Corps of Engineers, 1982), while the PMF is “The flood magnitude that may be expected from
the most severe combination of critical meteorologic and hydrologic conditions that are reasonably
possible...” in a region (U.S. Army Corps of Engineers, 1979).

Least-Cost Design Flood

The Federal Highway Administration (FHWA) and many states use a least-cost analysis for the design
of many roads and bridges. A least-cost analysis takes into account the total costs, including flood
damage costs, over the projected life of the structure. A final design may withstand a flood event
greater or less than a one percent annual chance flood depending on the conditions at a particular
site (Federal Highway Administration, 1980).

>  The area affected by a “500-year” flood is shown on FIA flood hazard maps as Zone B or, on more recent
maps, as Zone X.



Regulatory and Design Standards 8-5

REGULATORY FLOODWAY

The “regulatory floodway” concept evolved from work of the Corps of Engineers and the TVA to
address the needs of floodprone communities and guide development in growing communities with
undeveloped floodplains. The concept was later incorporated into the NFIP. In areas where
sufficient data have been developed, communities participating in the NFIP are now required to adopt
a regulatory floodway within the designated one percent floodplain.

The area delineated as the regulatory floodway is the area that will carry the waters of a particular
magnitude flood without increasing the water surface elevation more than a designated level. Areas
outside the regulatory floodway but still within the designated one percent floodplain are referred
to as the “flood fringe.” In delineating a floodway, it is assumed that the flood fringe areas will be
fully developed and completely obstruct floodwater. The regulatory floodway will then serve to convey
the floodwater.

Federal Insurance Administration (FIA) minimum regulations require that the regulatory floodway
be delineated so that it can pass the one percent annual chance flood without increasing the water
surface elevation within the regulatory floodway by more than one foot at any point. Several states
and communities have adopted more stringent requirements for the regulatory floodway by limiting
the increase in water surface elevation to less than one foot, generally resulting in a wider floodway.
For example, Minnesota and Montana limit the rise to .5 foot, New Jersey to .2 foot, Illinois and
Indiana to .1 foot, Wisconsin to .01 foot, and Massachusetts permits no increase in water levels within
the floodway. Several states permit a variable rise (up to 1 foot) depending on the potential impact
to existing development (Association of State Floodplain Managers, 1988).

Floodway boundaries are determined by application of hydraulic modelling techniques. A hydraulic
model is developed to reflect existing conditions, and the model is manipulated to reduce the area
in the flood fringe until the water surface within the floodway rises a foot or less. In general, the
modeled flood conveyance is removed equally from both edges of the floodplain, but exceptions to
this practice are permitted.

Encroachments Within the Regulatory Floodway

FIA minimum regulations also prohibit encroachments* within the adopted regulatory floodway that
would result in any increase in flood levels (above the one-foot rise already allowed) during a one
percent annual chance flood. Some states have adopted more stringent standards through absolute
prohibition of certain structures in the floodway. For example, Montana and Wisconsin do not allow
any new buildings in the floodway, and Indiana, Michigan and Washington do not allow new
residential buildings in the floodway (Association of State Floodplain Managers, 1988).

4 Encroachments include fill, new construction, substantial improvements, and other development.
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REGULATING AN ALLOWABLE RISE IN FLOOD LEVELS

In floodplains where a regulatory floodway has not been designated, FIA minimum regulations require
that no development be permitted within the one percent annual chance floodplain that would —
individually or cumulatively with other anticipated development — increase the water surface
elevation of the base flood by more than one foot.

COASTAL FLOOD STANDARDS

Important standards in coastal flood hazard areas pertain to designation of velocity zones and
determination of the one percent annual chance flood elevation.

Coastal Velocity Zone

In coastal areas, NFIP regulations establish a V-zone (Velocity zone) to indicate areas subject to the
effects of high velocity waters and damaging wave action during a one percent annual chance flood.
The extent of the V-zone is based on calculations of how far inland the storm surge can support a
three-foot wave. Where wave height decreases below three feet, the V-zone terminates. The three-
foot wave height standard was adopted based on research conducted by the Galveston District of
the Corps of Engineers (U.S. Army Corps of Engineers, 1975) that determined a wave height of three
feet or greater was likely to cause structural damage to buildings, and that waves of lesser height
generally did not cause structural damage.

One Percent Annual Chance Flood Elevation in Coastal Areas

Initial NFIP flood hazard maps of coastal areas showed one percent annual chance flood elevations
based on “still-water” elevations. (The still-water elevation is calculated based on the effects of
astronomical tides and storm surge conditions, but does not include the added effects of waves on
top of the still-water elevation.) In 1977, the National Academy of Sciences (NAS) concluded a
review of the feasibility and methods for calculating wave action associated with storm surges
(National Academy of Sciences, 1977). Following the recommendations of the NAS report, the FIA
began to incorporate wave heights into Flood Insurance Studies (FISs), and began to define the one
percent annual chance flood elevation in coastal areas as synonymous with the estimated wave crest
elevation.

STANDARDS FOR THE ELEVATION OF STRUCTURES

Minimum NFIP criteria for the elevation of structures distinguish between residential and non-
residential structures. For residential structures, new construction and substantial improvements
within the one percent annual chance floodplain must have the lowest floor — including any
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basement — elevated to or above the one percent annual chance flood level’. For nonresidential
structures, the option of elevating the lowest floor — including basement — to or above the one
percent annual chance flood level is provided. Also, nonresidential structures “together with attendant
utility and sanitary facilities, [may] be designed so that below the base flood level the structure is
watertight with walls substantially impermeable to the passage of water, and with structural compo-
nents having the capability of resisting hydrostatic and hydrodynamic loads and effects of buoyancy”
(Federal Emergency Management Agency, 1986).

Eighteen states and hundreds of communities have established more stringent standards than imposed
by the NFIP. Many jurisdictions, for example, require some or all structures to have the lowest floor
(including the basement) elevated at least one foot above the one percent annual chance flood level.
Other jurisdictions require even greater elevation above the one percent annual chance flood level.
These more stringent standards may apply to all buildings in the floodplain or to only certain types
of buildings. For example, Pennsylvania state law requires new jails, hospitals, nursing homes, mobile
home parks, and hazardous materials facilities to be 1.5 feet higher than the base flood elevation.
Some coastal communities in Florida require freeboards of four, six, and even eight feet. Arizona
requires all new and replacement mobile homes to have the lowest structural member elevated one
foot above the one percent annual chance flood elevation (Association of State Floodplain Managers,
1988).

DEFINING “SUBSTANTIAL DAMAGE” AND “SUBSTANTIAL IMPROVEMENT”

Substantial damage to a structure and substantial improvement of a structure relate to the amount
of damage that may be sustained or to improvements that may be made before certain regulatory
and flood insurance requirements are triggered. NFIP regulations (44 FR, § 59.1) define substantial
improvement as:

any reconstruction, rehabilitation, addition, or other improvement of a structure, the cost of which
equals or exceeds 50 percent of the market value of the structure before the ‘start of construction’
of the improvement. This term includes structures which have incurred ‘substantial damage’,
regardless of the value of or actual cost of repair work performed. The term does not, however,
include either (1) any project for improvement of structure to correct existing violations of state
or local health, sanitary, or safety code specifications which have been identified by the local code
enforcement official and which are the minimum necessary to assure safe living conditions or (2)
any alteration of a ‘historic structure’, provided that the alteration will not preclude the structure’s
continued designation as a ‘historic structure’ (Federal Emergency Management Agency, 1989a).

5 Communities may request an exception to allow dry floodproofed basements below the “100-year” base flood
level. See Chapter 13 for additional information.
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As defined in § 59.1 of the NFIP regulations, a building is considered to be substantially damaged
when:

damage of any origin is sustained by a structure whereby the cost of restoring the structure 1o its
before damaged condition would equal or exceed 50 percent of the market value of the structure
before the damage occurred.

Anywork performed onstructures determined to be substantially damaged is automatically considered
to be a substantial improvement, regardless of the actual repair work performed.

The Federal Emergency Management Agency notes that the market value threshold of 50% was
chosen as a compromise between the extremes of: 1) prohibiting all investment in structures that do
not meet minimum NFIP floodplain management requirements in flood hazard areas; and 2) allowing
structures to be improved in any fashion without regard to the hazard present. The 50% threshold
conforms with similar thresholds included in building codes and zoning regulations (Federal Emergen-
cy Management Agency, 1989b).

A few states and some communities have substantial improvement regulations that differ from the
50% standard established by the NFIP. For example, Indiana uses 40% (Association of State
Floodplain Managers, 1988), and some communities have reportedly adopted standards with an even
lower percentage threshold (Riebau, 1988).

PERFORMANCE STANDARDS FOR ACTIVITIES IN FLOOD HAZARD AREAS

Performance standards for floodplain management are in widespread use and are included in land
use regulations required by the NFIP and elsewhere. Performance standards may be applied alone
or in combination with a prescriptive standard. Perhaps the most widely applicable performance
standards relate to floodproofing of structures.

Floodproofing In Riverine Areas

As described previously (see the previous section on Standards for the Elevation of Structures),
existing NFIP requirements for construction of nonresidential structures require that a structure be
elevated to or above the one percent annual chance flood level or be designed to resist flood
damages. This requirement provides the developer with an option of meeting a specific prescriptive
standard (elevation) or performance standard (resistance to effects of flooding). Rather than
specifying particular designs and materials, the regulations allow the designer flexibility in selecting
ways to resist the effects of flooding.
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Floodproofing In Coastal Zones
Similarly, NFIP criteria (44 FR, § 60.3(¢)(4)) require that structures located in V-zones be:

... elevated on pilings and columns so that (i) the bottom of the lowest horizontal structural
member of the lowest floor ... is elevated to or above the base flood level; and (ii) the pile or
column foundation and structure attached thereto is anchored to resist flotation, collapse and
lateral movement due to the effects of wind and water loads acting simultaneously on all building
components. Water loading values used shall be those associated with the base flood. Wind
loading values used shall be those required by applicable State or local building standards
(Federal Emergency Management Agency, 1989a).

NFIP regulations prohibit the use of fill for structural support of buildings within V-zones. Also, a
combination of specific standards and performance standards apply to the construction of breakaway
walls in V-zones. Current NFIP regulations permit the space below an elevated structure to be
constructed with nonsupporting breakaway walls or other enclosures “intended to collapse under wind
and water loads without causing collapse, displacement, or other structural damage to the elevated
portion of the building or supporting foundation system.” Safe design loading resistance is specified
to be “not less than 10 and no more than 20 pounds per square foot” (Federal Emergency Manage-
ment Agency, 1987).

Floodproofing For Utilities

Additional NFIP minimum criteria require that public utilities and facilities, including sewer, gas,
electrical, and water systems, be located and constructed to minimize or eliminate flood damage.
The NFIP performance standards for floodproofing structures have been incorporated (often with
variations) into many local and state building codes and into the principal regional building codes.

Many technical reference documents have been prepared to assist builders and regulators in meeting
performance standards for residential and nonresidential construction in flood hazard areas.
Prominent examples of these reference documents include Flood-Proofing Regulations (Office of the
Chief of Engineers, 1972), Coastal Construction Manual (Federal Emergency Management Agency,
1986), and the Design Manual for Retrofitting Flood-Prone Residential Structures (Federal Emergency
Management Agency, 1986a). States have produced similar reference documents that provide
guidance specific to local conditions and regulations/standards. These state-prepared documents are
often based on the documents prepared by federal agencies.

SHORELINE SETBACK STANDARDS

NFIP criteria impose no minimum distances that structures must be set back from river channels,
and no other national standards for stream setbacks exist. Some states and communities, however,
have developed setback standards that may apply to designated streams, lakes and other water bodies.
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Lincoln Township, Michigan, located on Lake Michigan, established setbacks of 110 feet
from dune and bluff areas (Kusler, 1982).

mum building setback of 75 feet from the ordinary high-water mark® (Wisconsin Depart-

Q The State of Wisconsin — through its shoreland management program — requires a mini-
ment of Natural Resources, 1982).

In coastal areas, NFIP criteria require that all structures be “located landward of the reach of mean
high tide.” Several coastal states have established setback standards significantly more stringent than
the NFIP requirements. Coastal setback standards are typically based on estimated erosion rates,
or goals for the protection of sand dunes and other natural features.

Q North Carolina established setback requirements with four “tiers.” First, no develop-
ment may be permitted seaward of the vegetation line; second, from the vegetation
line landward to a distance of 30 times the annual erosion rate (60-foot minimum),
no permanent substantial structures are allowed; third, small structures (less than four
units and/or less than 5,000 square feet of floor area) can be located between 30 times
and 60 times the annual erosion rate landward of the vegetation; and fourth, larger
structures must be set back at least 60 times the annual erosion rate behind the
vegetation line (Owens, 1984).

Additional setback standards that apply within “zones of imminent collapse” were established as part
of the NFIP in December 1987 with passage of Section 544 of the Housing and Community Develop-
ment Act of 1987. This Act provides for insurance payments for shorefront structures (i.e., located
on tidal, lacustrine or riverine shorelines) in imminent danger of collapse due to erosion. Insurance
payments may be authorized to either relocate the structure or to reimburse the owner for the value
of the structure and its demolition. Any reconstructed or relocated buildings must be set back from
the shoreline. To be eligible for flood insurance, residential structures containing one to four dwelling
units must be set back beyond the 30-year erosion line, and other structures must be set back beyond
the 60-year erosion line.”

This provision is part of shoreland zoning regulations that are required for all unincorporated areas of each
county, but are optional for incorporated areas. The purpose is to protect the quality of the shore and is
not directly related to reducing flood damages (Riebau, 1988).

These setback requirements were based on the North Carolina regulations described previously.
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PROTECTION OF NATURAL RESOURCES

The only nationwide standard protecting floodplain natural resources and specifically relating to flood
loss reduction has been established as a minimum requirement of the NFIP. This requirement
prohibits “man-made alteration of sand dunes and mangrove stands within ... [V-zones] ... which would
increase potential flood damage” (Federal Emergency Management Agency, 1987).

STANDARDS FOR FLOOD PROTECTION STRUCTURES

Important standards for flood protection structures address the design, construction and operation
of dams, reservoirs and levees.

Dam and Reservoir Standards

There are no nationwide standards applicable to all dam and reservoir construction. Each federal
agency with responsibilities for construction, maintenance, and inspection of dams has developed its
own set of criteria, generally addressing both flood and earthquake design criteria. The Corps of
Engineers, as part of its National Dam Inspection Program, developed classifications for size and
hazard potential that could be applied to nonfederal dams, and also developed a set of “Recom-
mended Guidelines for Safety Inspection of Dams.” The Interagency Committee on Dam Safety
(ICODS) has developed guidelines for dam safety that are being adopted by federal agencies
responsible for dam safety. Additionally, these and other guidelines are used by many states to
establish their own dam safety standards (National Research Council, 1985). Chapter 12 provides
additional information about dam safety and the criteria for classifying dams and reservoirs.

Levee Standards

The three agencies that construct most federally funded levees are the Corps of Engineers, the Soil
Conservation Service, and the Bureau of Reclamation (BOR). Each of these agencies have developed
policies for levee construction and maintenance. Although these policies differ somewhat, they
basically conform with standards adopted by the Corps, including the requirement that design height
be equal to a specified design flood level with freeboard provided for additional safety. The required
minimum freeboard is generally three feet, with added height required in areas of constricted flow
and where structures are located near the levee. Emergency levees and many small agricultural levees
intended to provide protection from an immediate flood or from smaller floods (e.g., five to 25-year
flood frequencies) may be excepted from these design requirements.

For nonfederally funded levees, there is no direct federal control over construction and maintenance
standards, and levees have been constructed to provide different levels of flood protection. As a
result, some debate has occurred for several years among federal and state offices as to how these
levees and the protection they provide should be treated for flood insurance purposes. In response,
FEMA developed a temporary policy for mapping the areas behind levees. In accordance with this
policy, areas behind levees were considered as protected from the one percent annual chance flood
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only if the levee could be certified as designed and constructed to the one percent annual chance
flood level with a minimum of three feet of freeboard (Federal Insurance Administration, 1981).
This temporary policy was subsequently modified and in 1986 new standards were promulgated as
regulations. The regulations now provide for mapping areas behind levees as protected from the
one percent annual chance flood only if the levee system provides protection from that flood, as
determined through application of FEMA-established design criteria for freeboard, closures,
embankment protection, embankment and foundation stability, settlement, and interior drainage.

The design criteria for freeboard apply to both riverine and coastal levees. Riverine levees must
provide a minimum freeboard of three feet above the water surface level of the one percent annual
chance flood. An additional one foot above the minimum is required within 100 feet of either side
of structures located on the stream side of the levee or wherever the flow is constricted. An addi-
tional one-half foot above the minimum is also required at the upstream end of the levee, tapering
to not less than the minimum freeboard at the downstream end. For coastal levees, the freeboard
must be one foot above the height of the one percent annual chance wave or the maximum wave
run-up (whichever is greater) associated with the “100-year” stillwater surge elevation at the site.
An exception to this standard is allowed if the levee is designed by a federal agency with responsibility
for levee design (Federal Emergency Management Agency, 1987).

These FEMA regulations provide significant incentive for states and communities to approve only
those levees that meet established criteria.

NATURAL RESOURCES PROTECTION STANDARDS

Prescriptive standards and performance standards are applied to protect natural resources as well
as to reduce flood losses. Few, if any, of the standards for natural resources protection are applied
specifically to floodplains. Instead, they typically apply to the particular resource of concern, wherever
that resource may be found — either in or out of a floodplain.

WATER QUALITY STANDARDS

The Clean Water Act, originally passed in 1972 (P.L. 92-500) and subsequently amended several
times, required the U.S. Environmental Protection Agency (EPA) to establish several types of water
quality criteria and to adopt, or delegate to qualifying states the authority to adopt, water quality
standards to protect designated water uses. Water quality standards are applied to achieve the Act’s
interim goals of having all surface waters “fishable and swimmable wherever attainable.”

The EPA publishes information on the impact of surface water pollutants on aquatic life and human
health. The Agency is also developing criteria pertaining to sediment pollution. This scientific
information is used by the EPA and the states in adopting water quality standards enforceable through
National Pollution Discharge Elimination System (NPDES) permits. Best management practices
(BMPs) have also been identified to limit the type and amount of pollutants generated from nonpoint
sources.
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The EPA has established standards for potable water and, more recently, has been responsible for
establishing acceptable levels of toxic and hazardous substances in drinking water.

WETLAND CLASSIFICATION AND DELINEATION

As described in Chapter 2, several definitions of wetlands have been used by different federal agencies
to meet their own program needs. In January 1989, the Corps of Engineers, the EPA, the U.S. Fish
and Wildlife Service (FWS), and the SCS signed an interagency agreement to adopt a single consistent
approach for determining wetland areas under the jurisdiction of federal programs (Cohen, 1989).
Under this agreement, wetlands are determined to possess three essential characteristics: 1)
hydrophytic vegetation; 2) hydric soils; and 3) wetland hydrology. A new manual entitled “Federal
Manual for Identifying and Delineating Jurisdictional Wetlands” was developed and distributed during
the Spring of 1989 for use by field personnel in delineating wetlands according to the newly adopted
approach. The manual describes technical criteria for each of the characteristics that must be present
for an area to be considered a wetland under federal jurisdiction. (Federal Interagency Committee
for Wetland Delineation, 1989).

As part of the National Wetlands Inventory, the FWS has categorized wetlands and deepwater
habitats according to five ecological systems: marine, riverine, lacustrine, estuarine and palustrine
(see Chapter 2). This standard categorization makes it possible to delineate the different classes of
wetlands using aerial photography, supplemented by field checks, throughout the Nation.

Many states have their own procedures for identifying and delineating wetlands, usually based on state
legislation. Typically, state procedures rely on a combination of vegetation and soil characteristics
to identify wetlands, but procedures using only soils criteria (Connecticut) and only vegetation (New
York) are also in use.

HABITAT EVALUATION METHODS

Several types of habitat evaluation procedures are in use but no single procedure has achieved the
status of a national standard. Four procedures used at the national level are those developed by the
Corps of Engineers, the FWS, the Federal Highway Administration (FHWA), and the EPA.

Wetland Evaluation Technique

The Corps and the FHWA have combined efforts to produce the Wetland Evaluation Technique
(WET) that is now being used by the Corps, the FHWA, and the EPA to rapidly assess the functional
values of wetlands. The WET is a tool for conducting an initial, rapid assessment of wetland functions
and values. Considered a “broad brush” approach, it is normally used to assess existing conditions
and is designed for use in the 48 contiguous states (it is not for use in Hawaii, Alaska or the
territories). The WET assesses 11 wetland functions and values in terms of social significance,
effectiveness and opportunity, and assesses the suitability of wetland habitat for species and species
groups.
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The Corps of Engineers became involved in the development of methodologies for wetland evaluation
in the 1970s in response to its regulatory authority under Section 404 of the Clean Water Act.
Wetland functions and values were first addressed in Corps permit regulations in 1973. Development
of a wetlands evaluation manual was initiated in 1976 and the manual was published in 1979. Entitled
Wetland Values: Concepts and Methods for Wetlands Evaluation and developed by the U.S. Army
Engineer Institute for Water Resources, the manual contained a nonmonetary evaluation method
(in part because the Corps’ regulatory program did not require economic valuation of wetlands), and
expressed wetland value in terms of relative efficiency in the performance of recognized functional
characteristics (Reppert, 1981).

Following development of this methodology, the Corps of Engineers continued to research wetland
evaluation techniques. Forty techniques published prior to 1981 were reviewed and no single
technique was found to provide an adequate framework for developing a method responsive to the
Corps’ needs. The Corps also surveyed 37 district offices to determine assessment techniques in use
and found that these different Corps districts did not use formal wetland assessment methods but
relied primarily on professional judgment.

The Corps concluded that although no single assessment procedure afforded the capability for
accurately quantifying all wetland functions, a procedure developed for the FHWA provided an
excellent framework for assessment. As a result, the FHWA technique (also known as the Adamus
method and entitled “Method for Wetland Functional Assessment, Volume II”) was tentatively
adopted by the Corps as the basis for a wetland functions and values assessment procedure (Clairain,
1985).

A revised methodology — the Wetland Evaluation Technique — was jointly released by the Corps
and the FHWA in 1987. The WET methodology involved several changes from the previous FHWA
version and included development of a computer program for data analysis on microcomputers. The
WET methodology was released as an operational draft, and further modification is expected
(Adamus, 1987).

Several states have developed their own wetland evaluation procedures.

Wetland Evaluation Technique for Bottomland Hardwood Functions

In 1987, the EPA released a technique “intended for use in identifying the level of functioning of a
specific bottomland hardwood (BLH) tract, in comparison to the entire set of all BLH tracts ...” The
procedure, referred to as WET-BLH, is a streamlined version of the WET methodology adapted
specifically for the bottomland hardwood region of the southeastern United States (Adamus, 1987).

Habitat Evaluation Procedures

In 1980, the Fish and Wildlife Service developed a methodology for quantitative evaluation of the
suitability of wetlands and other habitat types for fish and wildlife species. This method, called the
Habitat Evaluation Procedures (HEP), combines habitat “... quality and quantity in a single index
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value that can be used to rank present wetland values and compare baseline conditions with land
use changes for selected target years” (Schamberger, 1979).

An earlier version of the system was published as the “Ecological Planning and Evaluation Proce-
dures” in 1974. The current HEP can be used to inventory baseline wetland conditions, formulate
alternative land-use plans, evaluate alternate sites, and determine compensation requirements.

ACCEPTABLE RATES OF SOIL EROSION

The Soil Conservation Service has developed criteria to determine “acceptable” or “tolerable” levels
of annual soil erosion for each soil type found throughout the country. These levels of erosion are
measured in terms of tons of soil lost per acre. The acceptable level of erosion is based on the
concept of maintaining long-term productivity of the soil for agricultural purposes, and takes into
account the estimated rate at which new soil is created. The tolerable rate of erosion is commonly
referred to as a “T” value, and soil erosion from a particular field at a rate twice the tolerable level
is referred to as a “2T” (Schertz, 1983; Johnson, 1987).

The concept of tolerable soil loss erosion is used by the SCS and local conservation districts in
developing management plans for agricultural practices. Under provisions of the Food Security Act
of 1985 (P.L. 99-198), farming operations receiving commodity assistance payments from the
Department of Agriculture must reduce erosion to specified “T” levels by the early 1990s.

SUMMARY AND CONCLUSIONS

Floodplain regulatory and design standards — including prescriptive and performance standards —
provide a means for uniform application of floodplain management practices, and for the review and
evaluation of flood loss reduction and natural resources protection projects. Nationwide standards
are typically established by federal agencies as part of program regulations or sometimes directly by
Congress. States and communities frequently adopt more stringent standards than apply nationally.

Many of the nationwide standards for flood loss reduction now in use are directly derived from the
minimum floodplain management requirements of the National Flood Insurance Program. Important
nationwide standards have been established with respect to: the one percent annual chance flood
and floodplain; the regulatory floodway; coastal flood elevations; and elevation of structures above
the one percent annual chance flood level.

Several states have established requirements for development to be set back a specified distance from
the shoreline, particularly in coastal areas. These shoreline setback standards are generally based
on estimated erosion rates or the need to protect natural features.

Few, if any, of the standards for natural resources protection have been developed specifically for
floodplain application. Instead, these standards typically apply to a particular resource to be
protected whether the resource is found in the floodplain or not. In addition to shoreline setbacks
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to protect natural features, several national standards have been established to protect natural
resources. These include water quality standards (both instream standards and discharge standards)
and wetland classification and delineation standards. In addition, standardized techniques for wetland
and habitat assessment have been developed, and “tolerable” rates of soil erosion from agricultural
land have been established.



CHAPTER 9:

PERCEPTION, AWARENESS AND
RESPONSE

... [W]hile flooding is a serious national problem, it is not perceived as a very important concern
in most communities in the United States.

Flood Plain Land Use Management, Burby and French, 1985

Both individual and institutional perception and awareness of flood risk and vulnerability are major
factors affecting response to flood hazards. While substantial progress has been made in increasing
institutional awareness and response, individual perception and awareness generally falls far short
of the level that many professionals and public officials feel is needed. One result of inadequate
awareness of flood risk and vulnerability is the inappropriate development of floodprone areas. In
addition, only a portion of the affected public usually responds appropriately to flood warnings, and
this lack of response sometimes has grave results.

There will always remain a segment of the population that will not take preventative actions in
response to flood risk information. Some people will not understand or accept information on flood
risk provided to them, particularly if they have not personally experienced serious flooding. Others
understand the risk but are willing to take that risk and feel they have the right to do so. Often their
strong desire to live near a river or on the coast overrides concerns for personal safety or damage
to property. And then there are those who feel that if a problem does exist, it should be “fixed” by
the government.

Both the “public good” and “individual rights” can be affected by perception and awareness of
hazards and response to hazard-related information. When the public good conflicts with individual
rights, some balance must usually be achieved. Some individuals seem not to realize that by choosing
to live in a hazardous location they are imposing costs on others through expenses for infrastructure,
emergency services, disaster relief, flood insurance, and other governmental activities.

While far from universal, individual awareness of the natural resources associated with floodplains
is now far more widespread than it was 15 or 20 years ago. The importance of preserving wetlands,
protecting endangered species, and maintaining water quality is widely recognized. Yet this awareness
does not necessarily translate into actions that will preserve or restore these floodplain resources,
particularly if the actions would affect an individual’s own property. Any restriction of individual
property rights to protect natural resources may be strongly resisted, or the natural resource loss may
be viewed as inconsequential because of the small area affected.
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RECOGNITION OF FLOOD RISK AND RESPONSE TO FLOOD WARNINGS

The extent to which flood risk is recognized and flood warnings are heeded is largely dependent on
public perception and awareness. Government agencies can help to increase awareness in various
ways — through information and education programs, for example, as well as regulatory measures.
In some instances, floodplain management terminology is an obstacle to risk perception.

PERCEPTION OF FLOOD HAZARD

Local perception of flood hazard by both governments and floodplain residents may be related to
several key factors, among which are previous experience with flooding, the extent of development
in the floodplain, and the existence of structural flood control measures. The response of a communi-
ty or an individual to the perceived risk may depend on these factors as well as the seriousness of
the flood problem in relation to other community problems. Prevailing attitudes about land use and
related water resources management measures may also affect response.

In their 1985 assessment of floodplain land-use management, Burby and French (1985) included an
examination of local perception of the flood problem. Many of their findings were consistent with
other studies of the perception of flood risk and are summarized in this section of the Assessment
Report. Burby and French concluded that:

. . . while flooding is a serious national problem, it is not perceived as a very important
concern in most communities in the United States. Potential property losses from floods are the
most widely recognized problem of flood-hazard areas. In addition, a number of communities
are also aware of environmental problems within the bounds of their flood plains. In general,
communities do not attach very high priority to solving flood plain problems. Where problems
are most serious, however, communities do seem to be concerned and are placing a high priority
on governmental action to resolve them.

Most people discount the probability of loss from infrequently occurring events, such as major floods.
In keeping with the results of several other studies,! Burby and French found that in the communities
they surveyed, although local officials recognized that property loss from flooding was a problem,
“flooding was not viewed as a critical or even a serious issue.” While property loss from flooding,
erosion and sedimentation were recognized as problems by a majority of the communities surveyed,
other related issues (e.g., damage to public facilities, encroachment on natural areas, concentration
of poor housing in flood hazard areas) were cited much less frequently.

Solution of floodplain problems is generally not given high priority, except where communities have
experienced severe or frequent floods. Because flooding is not perceived as a serious problem, finding
solutions to flood-related problems is often given a low priority relative to other community concerns.
However, individual and community experience with flooding has been shown to result in both

1 Studies cited by Burby and French included: Burton (1972); Rossi, Wright and Weber-Burden (1982); Mileti,
Drabeck and Haas (1975); and Kunreuther, et. al. (1978).
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heightened perception of risk and increased attention to solving flood problems. Previous experience
with flooding has been related to individual perception of flood hazard, belief in hazard warnings,
and adoption of hazard mitigation measures.> A study conducted by the University of Massachusetts
(Rossi, 1982) related the perception of community leaders regarding the seriousness of flood problems
to the community’s experience with flooding. Burby and French found that fewer than 10% of the
communities they surveyed assigned highest priority to floodplain problems, but “the proportion of
communities that gave high priority to solving flood plain problems was much larger than average
among jurisdictions with severe flood plain problems.”

Local perception of the flood risk was an important contributor to the scope and focus of a commun-
ity’s floodplain management program — more so than actual floodplain characteristics and flood
problems. “In addition, ... the more concerned communities are with their flood plain problems ...
the more likely they are to have adopted broader and more direct management measures.”

Perception of flood risk may also be related to the extent and nature of floodplain development.
For example, in communities with intensively developed flood hazard areas (and limited sites outside
the hazard area), “The perceived seriousness of the flood problem is directly associated with the
extent of flood plain development and the existence of intensive land uses (apartments, commercial,
and industrial uses) in the hazard area. Those are also the communities, however, in which a higher
proportion of new construction is occurring in flood zones.” Increasing development may also result
in greater awareness of flood problems. “As urbanization increases, more individuals and groups
in a community are likely to become concerned with particular problems and to have the expertise
to stimulate community action to resolve them ... Communities with larger populations, those growing
at a faster rate, and those located in metropolitan areas are more likely than others to have adopted
broader and more direct flood plain land use management programs.”

The presence of structural flood control measures may have varying effects on perception of flood
risk and on subsequent responses to flood problems. Some studies have shown that adoption of
structural control measures results in a sense of complacency about the community flood problem
or discourages adoption of alternative nonstructural measures to reduce losses. On the other hand,
Burby and French found that “communities are more (rather than less) likely to believe they have
a flood problem when they have some form of structural protection in place ...,” and “that they are
more (rather than less) likely to have adopted a broad-gauged flood plain land use management
program.” However, they also noted that “... while local governments continue to be aware of the
flood problem, citizens within these communities may believe that the structural measures solved the
flood threat and, as a result, may continue to expose themselves to flooding.”

The degree of risk perception and the type of management measures adopted to respond to the flood
problem may also be affected by the type of flood hazard present. “The threat of damage from
coastal flooding seems to be taken more seriously by communities than damage from riverine flooding.
As a result, coastal areas are more likely to use more direct hazard management measures than
riverine communities ... In general, riverine communities are most interested in land use management

2 See Roder (1961); Kates (1971); Mileti, Drabeck and Hass (1975); Kunreuther, et. al. (1978); and Miler
1977).
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when they are experiencing an intermediate level of risk ... Apparently, communities with less
intensive flood plain development do not view the flood problem as serious enough to warrant a
major management effort, whereas those with more heavily developed flood plains look to other
solutions for their problems, such as flood control structures.”

Individual perception of risk by floodplain residents may be quite different than the perception of
local officials. Individuals in a community may consider themselves protected from flood damages
by structural measures, while the local government remains concerned about potential flood losses.
Studies of the relocation of floodplain occupants have provided information on risk perception. Even
if the flood risk is known, the advantages of a floodplain location may outweigh the disadvantages.
Homeowners may also be more concerned with the effect of floodplain regulations on resale property
values than with potential flood damages.

Both individual and community perception of risk may be tempered by other community values. For
example, “... individual and community resistance to [floodplain land use management] programs is
often based on apprehension about the ‘secondary’ effects of land use management. Adverse
economic effects that are often attributed to flood plain land use management include reduction in
property values, reduction in community economic growth and development, reduction in the tax base,
and increased construction costs. Adverse social effects can include increased community conflict
over regulation and inequitable costs to low- and moderate-income households” (Burby, 1985).

GOVERNMENT ROLES FOR INCREASING AWARENESS

Following a review of research and experiences regarding public awareness and government programs
for increasing awareness of natural hazards (including hazards other than floods), Davenport and
Waterstone (1979) suggested appropriate roles for each level of government. These suggested roles
for increasing awareness continue to merit testing and adjustment and are as follows:

1) FEDERAL GOVERNMENT: Federal agencies and federally supported research would provide:

o general information on each hazard,
federal legislation and policy support for awareness and other hazard mitigation efforts;

o technical assistance (delineation and mapping of hazard zones, advice on building standards,
floodproofing, etc.);

¢ basic preparedness advice;

¢ encouragement of long-term planning with aim to lessening future losses;
support for good research regarding human attitudes and response to varions natural hazards
so as to increase efficiency of future awareness programs; and

» survey damages after a disaster for use in refining future preparedness efforts.

2) STATE GOVERNMENT: State governments would provide:

¢ planning and development of basic materials keyed to a specific state which can then be
localized;

¢ agood pass-through for federal funds designated for awareness/disaster mitigation programs;

¢ aid in identifying risks;
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e aid in identifying sources of funding and technical assistance, whether state or federal level
sources; and

o providing support and perhaps funding for hazard awareness programs through state
legislation and igniting interest on the local level for such programs.

3) LocAL GOVERNMENT: Local officials and leaders were identified as having ultimate responsibility
for increasing awareness and preparedness. Appropriate actions for local governments include:

e finding and using as a rallying point a community leader with good standing, credibility, and
interest in the natural hazard problem;

o monitoring and updating descriptions of local conditions (road, building construction,
population influx) which would impact public preparedness measures;

e encouraging participation in awareness programs by local businesses, industry, civic clubs,
etc.; and

e localizing federal and state hazard awareness materials to fit a specific area or, if possible,
developing their own where needed.

INCREASED AWARENESS THROUGH INFORMATION AND EDUCATION

The distribution of information and education on natural hazards typically proceeds from higher
governmental levels of organization to lower levels. Much of the information relating to flood loss
reduction and natural resources management has indeed been distributed from the federal govern-
ment to state government to local government and finally to individuals. But this sequential pattern
does not always apply. For example, much of the information and education about flood hazards
has been distributed by federal agencies directly to both state and local governments and even to
individual citizens. Likewise, state governments often attempt to educate and inform individual
citizens as well as local government officials.

Information and education may also proceed from lower to higher levels, as state or local govern-
ments share their experiences with higher levels of authority. Frequently, new techniques and
programs are initially developed at the local or state level, and are later incorporated into state or
federal efforts, thereby achieving more widespread application.

Informing and educating the public about flood risk and appropriate responses and about the
importance of preserving and restoring floodplain natural resources is an ongoing effort. Much
research has been directed toward identifying the most effective means of providing information on
flood risk and stimulating people to take action, and professionals in the fields of flood loss reduction
and natural resources management continue to search for new and more effective means of informing
and educating the public. Studies have shown that people receive their information in different ways
and attach different levels of reliability to different sources. In general, these studies have shown
that a variety of means must be used to distribute the message, and the message must be repeated
frequently. Typical means of providing information include distribution of pamphlets and other
publications, use of radio, television and newspapers, placement of warning signs, and many other
more imaginative methods. Chapters 11, 13 and 14 of the Assessment Report describe many of these
methods and include examples of their use.
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FORCED AWARENESS THROUGH REGULATORY MEASURES

Unfortunately, even the best attempts to make individuals and communities aware of flood risks often
fail to achieve the desired response. As a result, regulatory actions are often required. Chapter 11
provides a detailed description of many of the regulatory measures that have been instituted by all
levels of government in an effort to force appropriate action to reduce flood losses. The widespread
impact of the National Flood Insurance Program (NFIP) illustrates the effectiveness of (and need
for) forced awareness through regulatory measures.

The NFIP is a voluntary program, but its voluntary nature has been modified since initial passage
of the National Flood Insurance Act (NFIA) in 1968. Originally the program made insurance
available to community residents if the community joined the NFIP and established minimum flood-
plain regulations. Few communities initially joined the program, and following the devastating
flooding from Hurricane Agnes in 1972, Congress made several changes to encourage greater
community participation in the program. Foremost among these Congressional initiatives was passage
of the Flood Disaster Protection Act of 1973 which prohibits disaster assistance to communities
identified as having floodprone areas but which have not joined the NFIP. A “first bite” approach
is allowed, however, by which the community is permitted to join the NFIP, and the community and
residents can then receive disaster assistance, even after a disaster has occurred.

Another NFIP mechanism intended to force flood hazard awareness on individuals is the requirement
that federally insured banks and other financial institutions require purchasers of homes and other
structures in the floodplain to obtain flood insurance. The financial institutions, however, are not
subject to any regulatory penalty if they do not comply with this requirement.

During the first 15 years of the NFIP, communities often challenged the program and resisted
adopting the required minimum regulations as a condition of flood insurance availability. For many
communities, participation in the NFIP was their first experience with a land-use regulatory program.
Now, after several generations of elected officials and senior civil servants have experienced the NFIP
regulations, the prevailing attitude has shifted to one of figuring out ways to live with the program.
Community experience in the courts, media coverage of flood disasters, and liability concerns have
all contributed to a gradually increased awareness. As a result, the NFIP regulations have become
institutionalized, and participation in the program is now generally accepted as a community responsi-
bility.

A few jurisdictions require realtors to make flood and other hazard information available to prospec-
tive home buyers.

The City of Stamford, Connecticut requires developers of most projects within the one
percent annual chance floodplain to prepare and file with the City an emergency
preparedness plan. The City also requires that a notice be placed on local land records
noting that the property is located within a flood prone area (Emerson, 1988).
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TERMINOLOGY AS AN OBSTACLE TO RISK PERCEPTION

Some of the terminology associated with floodplain management almost certainly contributes to
problems of inadequate awareness, perception and response. Several examples of commonly used
but often misunderstood terminology follow.

“100-Year Flood”

Probably the most misunderstood floodplain management term is the “100-year flood.” While this
term is generally understood within the professional floodplain management community, the general
public almost universally does not properly understand the meaning of the term. As described in
Chapter 8, the “100-year” flood is simply another term to refer to the one percent annual chance
flood — the flood that has a one percent chance of being equalled or exceeded each year. A flood
of that magnitude will occur on average once each 100 years, hence use of the term “100-year flood.”
Unfortunately, the term is often taken literally, with individuals believing that if they have experienced
a “100-year” flood, another flood of that magnitude will not occur for another 100 years. The term
can be especially confusing when a series of flood events changes the current estimate of the “100-
year” flood. Such changes are common as a result of both short-term gage records and increased
runoff due to urbanization.

After major flood events in 1978 and 1980, the estimated magnitude of the “100-year”
flood on the Salt River in Phoenix was reduced to approximately that of a “50-year” flood
{Bond, 1988).

In an attempt to reduce confusion, some practitioners prefer to use the term “one percent annual
chance flood,” noting that in any given year there is a one percent chance that a flood of that
magnitude could be equalled or exceeded. In practice, the term is often shortened to the “one
percent flood” which may not convey the meaning as accurately. Other terms may be used to
represent the one percent annual chance flood. For example, FIA regulations use the term “Base
Flood” for the one percent annual chance flood. In conversation and in written documents, the terms
“100-year flood,” “base flood,” and “one percent flood” may be used interchangeably, thereby confus-
ing those who are unfamiliar with the terms and quite possibly misleading some individuals regarding
the severity of the flood.

Still further confusion can result because the “100-year” flood is usually the only type of flood event
referred to, even though larger and smaller floods will certainly occur. Many individuals tend to think
of flooding only in relation to a flood of a “100-year” magnitude. Often overlooked is the fact that
the “100-year” flood has been selected as a reasonable regulatory standard, and is not intended to
describe the only magnitude of flood that will occur.

3 The term “one percent annual chance flood” is used throughout the Assessment Report except when use of
the term would be confusing in association with quotes or other references.
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As commonly applied, the concept of a “100-year” flood and floodplain — no matter what terminolo-
gy is applied — can be very misleading. Technically, only the outer edge of the “100-year” floodplain
has a risk of only one percent. Moving toward the stream, ocean or other water feature, or toward
lower elevations, the risk rises. Yet the entire area between the water body and outer edge of the
“100-year” floodplain typically is thought of as subject to the same risk. Flood Insurance Rate Maps
(FIRMs) delineate areas of higher risk within the “100-year” floodplain.

“Floodproofing™*

The term “floodproofing” has often been cited as creating a false sense of security regarding the
potential for flood damage. The techniques involved in “floodproofing” a structure do not make it
completely safe from flooding. The term “flood resistent construction” has been suggested as an
alternative. More recently, the terms “retro-floodproofing” and “retrofitting” have been used to apply
to floodproofing of existing structures (Federal Insurance Administration, 1986).

The term floodproofing can be especially confusing or misleading if no distinction is made between
“wet” floodproofing, which refers to use of construction techniques and materials that can withstand
the effects of floodwater with little or no damage, and “dry” floodproofing, which refers to construc-
tion techniques designed to keep floodwater out of a structure.

As described in different contexts, floodproofing may or may not include the elevation of a structure
above flood levels. NFIP regulations specifically distinguish between elevation of a structure and
floodproofing of a structure. The Corps of Engineers, however, describes elevation as a type of flood-
proofing in several publications.

“Nonstructural Measures”

When the term “nonstructural measures” is used with regard to reducing flood losses, it may not
always be clear what measures are being included or excluded by the term. The term was originally
devised to distinguish techniques that modify susceptibility to flooding (such as regulation, floodplain
acquisition and floodproofing techniques) from the more traditional methods (such as dams, levees
and channels) used to control flooding. The distinction between structural and nonstructural
measures, however, is not always clear.

For example, beach nourishment — the artificial replenishment of beach sand — is considered a
structural measure by some and a nonstructural measure by others. Also, use of a small berm or
dike to protect a single structure from flooding may be considered either a structural or nonstructural
technique. Similarly, many “nonstructural” measures such as elevation or floodproofing clearly involve
some alteration of a “structure.” In addition, the lack of clarity associated with the terms “structural”
and “nonstructural” detracts from the objective of utilizing the best mix of loss reduction measures
for any given floodplain.

4 See Chapter 11 for a more detailed description of floodproofing,
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“Risk” and “Vulnerability”

Although these two terms have different technical meanings, they are often incorrectly used inter-
changeably. Risk is the relationship between the consequences resulting from an adverse event and
its probability of occurrence. Vulnerability is the characterization of the nature and extent of damage
that may occur during flooding. For example, the floodplain on both sides of a river may be subject
to essentially the same risk of flooding. If the floodplain on one side has been developed with homes
while the other has not been developed, only the developed floodplain would be considered vulnera-
ble to damage from flooding.

“Mitigation”

“Mitigation” has become a popular term in recent years, but it has no consistent definition among
users. The term is somewhat of a “catch-all” for any activity related to flood loss reduction, although
individual users typically tend to exclude certain types of activities from the term. Some may exclude
emergency preparedness from mitigation, others may exclude flood response activities, and still others
may exclude short- or long-term recovery activities.

The Federal Emergency Management Agency (FEMA) has defined mitigation as follows:

Mitigation is any action taken to eliminate permanently or reduce the long-term risk to human
life and property from natural and technological hazards.(Federal Emergency Management
Agency, 1987).

“Tidal Wave”

The term “tidal wave” is still mistakenly used by many to refer to “tsunamis” which are more propertly
described as seismic sea waves.S These waves have no relationship to tides. Nor are they related
to storm surge and related large waves that may be caused by hurricanes or other major coastal
storms (Forrester, 1987).

AWARENESS OF FLOODPLAIN NATURAL RESOURCES

As noted in Chapter 2, much attention has historically been focused on the hazards associated with
flooding and floodplains, and less attention has been directed toward floodplain natural and cultural
resources. In recent years, however, the natural resources associated with floodplains — particularly
wetland resources — have been the subject of increased scientific study and management. While
the protection of floodplain natural resources has not emerged as a popularly expressed environmen-
tal objective, such an objective is encompassed in the broader environmental goals (particularly for
the protection of wetlands and water resources) embraced throughout the Nation. The general public

5 See Chapter 1 for a more detailed description of tsunamis.
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level of environmental awareness and support for environmental protection programs has increased
dramatically in the past quarter-century. This awareness is seen to represent a potentially broad base
of public support for programs aimed at the protection or restoration of floodplain natural resources.

In general, the development of environmental programs from the 1970s and the experience of these
programs have provided a basis for understanding newly identified environmental challenges.
Furthermore, recent opinion surveys show that a majority of Americans believe that poor environ-
mental quality is one of the most serious National problems (Gilbert, 1990), and that most are willing
to pay for necessary actions to improve the quality of the environment. Pollster Louis Harris testified
before a Senate subcommittee that public support for environmental improvements was higher than
for any other national objective he had ever surveyed (Grove, 1990).

In the 1960s and 1970s, those concerned with protection of the natural environment were often
perceived as more concerned with wildlife (protecting whales, whooping cranes and wilderness areas,
for example) than with human life. As a result of this image, many Americans did not take environ-
mentalists seriously and viewed them as threats, particularly to economic growth (Gallop, 1984).

In the 1980s, however, the environmental movement developed much broader public support. A
national poll conducted in 1981 indicated that 45% of the population felt that “protecting the
environment is so important that requirements and standards can not be too high and continued
environmental improvements must be made regardless of cost.” Fifty-eight percent agreed with this
same statement in 1983, and a 1986 New York Times/CBS poll found the percentage of the popula-
tion in agreement had increased to 66%.

Because the natural and beneficial resources of wetlands, once poorly understood, have been the
subject of much attention and study in recent years, public awareness and understanding of the
importance of wetlands in the natural environment is generally high. Concern over wetland losses
and support for wetland protection appears to be increasing. A 1982 Harris Poll found that 83%
of those responding felt that it is “very important” to preserve the remaining wetlands. A 1985 Harris
Poll reaffirmed broad support for continued wetlands protection as 85% of those polled favored strict
enforcement of the Clean Water Act and its wetland protection requirements (President’s Commis-
sion, 1987).

The National Wildlife Federation (NWF), first included an Environmental Quality (EQ) Index in
National Wildlife in 1969. The EQ Index monitors and reports the state of the environment and
gauges public awareness concerning the environment. In the 1960s, this awareness moved from
indifference to a demand for action. As a result, during the 1970s much federal legislation was
enacted to direct the cleanup of the Nation’s natural resources.

According to the NWF, the 1980s have seen public interest in the environment lag somewhat, but
a simultaneous development of environmental professionals has occurred over the last decade. The
EQ Index documents “the steadily growing, increasingly steadfast acceptance by the American people
of the necessity of the fight” for a cleaner environment. The president of the NWF, stated “the
greatest accomplishment of the environmental movement since Earth Day [in 1970] has been putting
our strong desire for environmental protection at the heart of the quality of life in our society.”
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Earth Day 1990 (April 22) celebrated the 20th anniversary of the first Earth Day that many point
to as launching the modern environmental movement. The celebration demonstrated the existence
of what can be described as the Nation’s growing environmental populism and focused attention on
many of the environmental problems that are more pressing today than they were 20 years ago.

Gaylord Nelson, the former U.S. Senator from Wisconsin, has noted that “.. Earth Day, as was
intended, demonstrated to the Washington establishment and the public that there was an environ-
mental movement. The principle and lasting effect was to make environmental concerns a permanent
part of the political dialogue in this country. Obviously, not all members of Congress are now what
I would call environmentalists, but almost without exception they are sensitive to environmental
issues ...” (Gilbert, 1990).

SUMMARY AND CONCLUSIONS

Clearly, the public perception, awareness and response to both flood hazards and the natural
resources of floodplains is now much greater than it was in the mid-1960s. There also is greater
recognition that natural environmental values and flood risk are closely related.

The effects of information and education combined with the application of regulatory measures and
other floodplain management tools have significantly increased public perception, awareness and
response. Nevertheless, there is much room for additional improvement. Floodplain managers must
seek new and improved methods, as well as greater implementation of existing methods, to reach
those who have not yet acquired a sufficient level of awareness or the motivation to act at appropriate
times and in appropriate ways. In doing so, floodplain managers should target government officials,
floodplain occupants, and the general public. Methods appropriate for increasing the perception,
awareness, and response of each group are necessary.



CHAPTER 10:

LEGAL INTERPRETATIONS BY THE
COURTS

No higher duty can devolve upon the city authorities than that of protecting the property, health,
and lives of the people; this is their permanent duty — a duty which cannot be evaded, nor can
their right to do so be lost by neglect or bartered away.

City of Welch v. Mitchell, 121 S.E. 165 (1924)
(The first case involving floodplain regulations)

In the last several decades, government floodplain management measures have often been legally
challenged by individuals who oppose the measures or claim that the measures have increased flood
damages (U.S. Water Resources Council, 1971, 1972; Kusler, 1982). While only a few law suits
opposing floodplain regulations have succeeded, many successful suits have been brought against
government actions that have increased rather than decreased flood or erosion losses.

Litigation has been of two types: 1) “constitutional” challenges to floodplain regulations and other
loss reduction measures such as multi-objective resource management regulations (e.g., wetland
regulations); and 2) “liability” suits based primarily upon common law theories and initiated by those
suffering losses as a result of government interference with drainage or flood flows or incorrectly
designed, maintained, or administered flood loss reduction measures (dikes, levees, warning systems,
etc.) (Annots., 1948, 1949, 1958, 1964, 1975). A successful constitutional challenge may prevent the
implementation of a floodplain regulation. In contrast, a successful liability suit will not necessarily
prevent implementation of a measure but will require government payment for flood damages.

In recent years, the constitutionality of floodplain management measures and the threat of successful
claims for damages have been of increased concern to floodplain managers. The concern is due to
a small number of lower court decisions challenging the constitutionality of land-use regulations, and
three 1987 United States Supreme Court decisions that did not invalidate floodplain regulations but
were widely represented to have done so. The concern is also due to the many court decisions that
have held units of government liable for actions that increased flood or drainage damages.

This chapter examines the constitutional challenges and liability suits pertaining to floodplain
management as well as the actions that governments are taking to reduce potential legal problems.
The focus of the chapter is on floodplain management measures specifically designed to achieve
broader multi-objective goals such as wetland protection, waterfront renewal, and water quality
protection. Many of the legal issues associated with these broader measures, however, are also
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associated with the more specific measures (Kusler, 1980, 1982). The broader measures, along with
flood loss reduction measures, have been supported by the courts.

Included in this chapter is an overview of the court decisions that have addressed public flood loss
reduction measures in the last two decades. Major legal issues and trends throughout the United
States are emphasized rather than the law in a particular jurisdiction. The emphasis is on those cases
decided in the last eight years because these cases reflect recent legal thinking and because the infor-
mation presented in the chapter is intended to update rather than replace the legal discussions found
in Volumes 1, 2 and 3 of Regulation of Flood Hazard Areas to Reduce Flood Losses (U.S. Water
Resources Council, 1971, 1972; Kusler, 1982).

TRENDS OVER THE LAST TWO DECADES

The types of lawsuits and the specific issues litigated have changed over the last twenty years. These
changes have reflected the predominant floodplain management technique or techniques in use at
the time, the general status of constitutional and tort (liability) law, and unresolved legal issues
concerning loss reduction techniques.

PRIOR TO 1968

During the early years of floodplain management, the principal floodplain management techniques
were flood control techniques and, not surprisingly, most lawsuits concerned flood control or drainage
measures (Annots., 1948, 1949, 1958, 1964). A wide range of factually specific and statutorily specific
issues were litigated (U.S. Water Resources Council, 1971). Suits included both constitutional
challenges to flood control measures and claims for damages. Some of the issues addressed included
the adequacy of the power of various units of government to undertake flood control, government
liability for failure to operate and design adequate flood control works, and the sufficiency of eminent
domain awards. Overall, government flood control efforts were widely upheld in the courts although
governments were held liable for damages resulting from blockage of flows and/or inadequate
operation or maintenance of channels, dams, dikes or levees.

Floodplain regulations were challenged in only a small number of suits, reflecting the small number
of communities with adopted regulations (U.S. Water Resources Council, 1971). Most of the suits
challenged the overall constitutionality of these regulations by examining the adequacy of: 1) statutes
to authorize such regulations; 2) regulatory objectives; 3) the reasonableness of regulations in meeting
specific goals; and 4) whether floodplain regulations were a “taking” of private property. Overall,
regulations were sustained in the period prior to 1968 although several courts invalidated highly
restrictive regulations as “takings” of private property.!”

Citations to court decisions are listed at the end of the chapter.
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1968-1978

In the period 1968 to 1978, the number of successful lawsuits against governments for flood damages
increased dramatically due to expanded concepts of liability and a reduction in government defenses
against lawsuits (described later on) (Kusler, 1982).

During this decade, landowners challenged regulations on constitutional grounds in a relatively large
number of suits, reflecting the huge increase in the number of states and communities with regula-
tions. The nature of these suits shifted from broad-scale constitutional attacks to very specific
challenges concerning the reasonableness of particular floodplain management measures such as
floodproofing requirements and prohibition of residences in a floodway.

1978-1988

In this decade, courts continued to hold governments liable in an increasing number of contexts for
actions that increased flood damages. The number of constitutional challenges to regulations,
however, was much smaller due to the widespread legal support for regulations established in the
previous twenty years. Cases addressed relatively technical issues such as the validity of nonconform-
ing use provisions and setbacks. In 1987, however, the U.S. Supreme Court issued three controversial
land-use decisions (see below) that have created a great deal of public confusion concerning the
constitutionality of hazard regulations.

CONSTITUTIONAL CHALLENGES

Constitutional challenges to floodplain management measures can be described in the context of the
three recent and controversial Supreme Court decisions, and in the broader context of the various
types of challenges that have been brought against regulations and other flood loss reduction mea-
sures. It is also important to note some of the important types of floodplain management measures
that the courts have sustained over the past 20 years.

THE THREE U.S. SUPREME COURT DECISIONS AND THEIR IMPACT
ON FLOODPLAIN MANAGEMENT

In the summer of 1987, the U.S. Supreme Court issued three land use-related decisions that were
widely (and inaccurately) reported in the press and which have been the subject of a great deal of
discussion. Two of these decisions concerned hazard-related regulations.

While the decisions are of primary interest from a constitutional perspective, they also affect
government liability. Prior to these decisions, government units adopting flood loss reduction
measures were, in most jurisdictions, liable in damages only for increasing flood losses, not for tightly
regulating floodplain development. A government unit only needed to modify the regulation if a court
held that the regulation was a taking of private property without payment of just compensation. As
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a result of the Supreme Court’s 1987 decisions, a government unit might now be liable for damages
caused by overly restrictive regulations.

The three decisions are not easy to reconcile or interpret. They involve highly technical issues of
law and are, to some extent, contradictory. In fact, they appear to raise more questions than they
answer.

In the first of the decisions, Keystone Bituminous Coal Association v. DeBenedictis,? the U.S. Supreme
Court upheld a 1966 Pennsylvania statute that prohibited the mining of coal where removal of coal
would cause the subsidence of residences, public buildings, or cemeteries. Several coal companies
had challenged the law as a taking of property because it effectively prevented the removal of 27
million tons of coal and because the companies had acquired rights to subside the land from some
of the landowners.

In this case, the Court, citing 70 years of precedents, held that there was no “taking” because the
regulations were adopted to serve valid health, safety and welfare goals, and because, overall, coal
companies had not shown that the regulations denied them economic use of their land.

This decision, if read by itself, would suggest that the Court was willing to give even more support
to health and safety-related regulations than previously. It is the only one of the three decisions that
focuses on the validity of safety-related regulations.

Three months after the Keystone decision, the U.S. Supreme Court issued a second decision
concerning the validity of hazard-related regulations. In this decision — First Evangelical Lutheran
Church v. County of Los Angeles® — the Court held that if a temporary building moratoria adopted
by Los Angeles County after a severe flood was a taking of private property, temporary damages
should be awarded to the landowners (First Evangelical Lutheran Church) who had been prevented
from rebuilding in a high risk flood area. While the Keystone decision had gone almost unnoticed
by the press, this decision became front page news across the Nation.

Unfortunately, the First Lutheran decision was widely misinterpreted as holding that floodplain
regulations were, in general, unconstitutional, or that the specific regulations addressed by the Court
were unconstitutional. In reality, the Court carefully stated that it was not deciding the constitutional-
ity of the floodplain regulations,’ and suggested that sound grounds for the regulations might well
exist. The Court only held that, as a matter of law, temporary damages would be available if a taking
had occurred. The Court sent the case back to the lower courts to decide whether a taking had, in
fact, occurred.

Although the decision did not invalidate any regulations, it did establish, as a matter of principle, that
governments would need (at least in some situations) to pay temporary damages for regulations that
were in fact a taking,

Shortly after issuing the First Lutheran decision, the U.S. Supreme Court issued a third decision —
Nollan v. California Coastal Commission.’ Here the Court held that the efforts of the California
Coastal Commission to require that a beachfront property owner convey a beach access casement
as a condition to receiving a permit for rebuilding a structure was a taking. The Court did not
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disapprove the condition but rather felt that the Commission had not adequately demonstrated that
the condition “substantially advanced” state interests. The Court emphasized the need for a
regulatory agency to show a reasonable nexus between a regulation and stated goals.

Collectively, how are these three Supreme Court decisions cases likely to affect floodplain manage-
ment?

The cases pertain almost entirely to regulations, not to other floodplain management techniques. The
cases indicate the willingness of the Court to strongly support hazard-related regulations if they are
soundly based in fact, even if the regulations substantially reduce property values or prohibit use of
a portion of a property. But the decisions also affirm that governments must pay for a temporary
taking of property if, in fact, their regulations “take” property. The basic tests for taking, described
later in this chapter, are apparently unaltered by the decisions. The latter two cases (First Lutheran
and Nollan), however, also suggest an increasing willingness of the Court to examine the factual basis
for regulations and the relationship of particular standards to regulatory goals.

Since these 1987 Supreme Court cases, federal and state courts have considered the constitutionality
of floodplain regulations in at least seven cases. The regulations have been upheld in all cases,®
including a follow-up California court decision in First Evangelical Lutheran Church v. County of Los
Angeles which was remanded by the Supreme Court to the California Court.” In this follow-up
decision, the California court resoundingly endorsed the floodplain regulations and held that the
regulations were not a taking of private property.

CONSTITUTIONAL CHALLENGES: THE BROADER CONTEXT

How have regulations and other flood loss reduction measures fared in the broader context when
challenged as unconstitutional in state and federal courts? In general, they have fared very well as
flood hazard regulations have been broadly and consistently upheld (Kusler, 1982). Regulations have,
however, been challenged as unconstitutional violations of guarantees of Due Process and unconstitu-
tional takings of private property without payment of just compensation. Constitutional challenges
have been raised on a number of grounds, including: inadequacy of statutory powers; invalid
objectives; failure to coﬁlply with statutory procedures; discrimination; unreasonableness; or taking
of property without payment of just compensation.

Inadequacy of Statutory Powers

In the early years of floodplain management, the adequacy of local zoning, subdivision control,
building code, and other enabling statutes to authorize local government or agency adoption of
floodplain regulations was often questioned, particularly where the legislature had not expressly
authorized local governments to adopt regulations (Kusler, 1982; Strauss, 1976).

These challenges of floodplain regulations were based upon a general rule of law that federal and
state agencies and, to a lesser extent, local governments, may exercise only those powers specifically
delegated to them by statute. In other words, an agency or local government is able to adopt
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floodplain regulations only if a statute specifically authorizes such regulations. Otherwise, the
regulations violate Constitutional requirements of Due Process.

Although a number of challenges were made, the basic authority of local governments to regulate
floodplains under general zoning or other land-use control statutes was sustained in all cases (Kusler,
1982). As a result, lack of adequate local enabling authority is no longer a common legal challenge
except in those instances where: 1) units of government wish to regulate extraterritorially and they
are not authorized to do so; or 2) statutes provide specific exemptions (e.g., nonconforming uses)
and an attempt is nevertheless made to regulate exempted uses. Lack of enabling authority is also
a diminished problem, in part, because most states have granted cities and some counties and towns
broad statutory or constitutional “home rule” powers (Strauss, 1976). Home rule governments can
undertake a broad range of regulatory, acquisition, flood control, evacuation, and other public safety
and general welfare activities without specific enabling legislation.

Very few court decisions in the last two decades have dealt with the adequacy of enabling powers
for state or federal floodplain management measures because state and federal agencies are usually
sensitive to limitations upon statutory powers. Also, courts tend to broadly interpret powers where
issues of health and safety are involved.

Invalid Objectives

Over the last two decades, courts have afforded legislative bodies broad discretion in defining public
objectives for regulations, acquisition, and other hazard-reduction approaches.? Protection of public
safety and reduction of flood losses have repeatedly been recognized!® as valid public objectives for
regulatory and nonregulatory measures (Kusler, 1982).

Courts have examined the objectives of floodplain regulations more carefully than the objectives of
nonregulatory flood loss reduction techniques. Although courts have rarely invalidated hazard-related
regulations for invalid objectives, some zoning regulations adopted primarily to lower the cost of land
acquisition have been held invalid.!!

Failure to Comply with Statutory Procedures

In general, courts demand that governments closely comply with statutory procedures in order to meet
Due Process requirements. In a few cases, courts have held that flood hazard regulations were invalid
in their entirety or as they applied to particular lands because the regulatory agency failed to follow
statutory procedures for mapping, notice and hearing, or other matters.!?

Perhaps the largest number of cases dealing with statutory procedures has involved challenges to
federal or federally funded flood control works or other public works based on inadequate environ-
mental impact statements. Courts have held that the National Environmental Policy Act requires
careful consideration of environmental values but that the ultimate decision with regard to location
and project design is up to the agency.’®



Legal Interpretations by the Courts 10-7

Courts have also considered the adequacy of federal agency actions in complying with the Floodplain
Management and Protection of Wetlands Executive Orders (E.O.s 11988 and 11990, respectively)

in several cases.

Discrimination

Very few successful challenges have been made to regulations based upon claims of discrimination,
although an early challenge to an encroachment line was sustained.’s Also, a federal district court
in Ohio recently held that certain floodway restrictions were invalid because activities posing similar
threats to health and safety were not regulated in another area of the community.1¢

Unreasonableness

A number of suits have been brought in the last two decades challenging the reasonableness of
regulations in achieving specific regulatory objectives (U.S. Water Resources Council, 1971, 1972;
Kusler, 1982). Courts have broadly supported agency or legislative rules or regulations or case-by-case
permit evaluations against claims of unreasonableness. Renewed challenges to regulations based upon
claims of unreasonableness, however, are likely as the result of the Supreme Court’s decision in Nollan
v. California Coastal Commission."" In this decision, the Court apparently endorsed a higher standard
for reasonableness — in those instances where a taking is alleged — than was formerly required.
This case, however, did not involve a natural hazard situation.

Mapping Inadequacy

Landowners have occasionally contested the accuracy and scale of federal, state or local flood maps.
Mapping efforts, however, have been broadly sustained, even when some inaccuracies are found,
provided that the regulatory agency has established administrative procedures for dealing with
inaccuracies.’®* Some maps applying to particular properties have been held inadequate where gross
errors were identified or statutory procedures were lacking.??

Prohibiting Particular Types of Activities in Floodways or Flood Fringe Areas

In a small number of cases, landowners have contested the prohibition of particular activities in
floodways or flood fringe areas. A prohibition of residences in floodways by the Washington
Department of Ecology was upheld by the Washington Supreme Court.® Similarly, the Iowa
Supreme Court upheld an order of the Iowa Natural Resources Council requiring the removal of
condominiums illegally placed in a floodway.?

Taking of Private Property Without Payment of Just Compensation

With the exception of a few cases in which regulations prevented all economic use of floodplain
property, courts have upheld the general validity of floodplain regulations against claims that such



10-8 Changes in Floodplain Management Since the 1960s

regulations take private property without payment of just compensation (Kusler, 1982). These rulings
are consistent with a much larger body of cases in which courts have broadly upheld land use
regulations against claims of taking, despite the impact of the regulations upon property values.

In the broader context of land use controls, courts commonly uphold the general validity of a
regulation (e.g., an agricultural zoning district that restricts residential development) but may hold
that the regulation takes private property when judging its impact on a particular parcel. This site-
specific determination of taking is based upon the consideration of a broad range of factors, including:
the goals of the regulation; the public need for the regulation; the adequacy of the factual base
supporting the regulation; the activities currently being carried out on the land or potentially available
pursuant to the regulation; the economic value of the activities to the private property owner, the
cost of purchase of the land; the expectations of the landowner at the time of purchase; and whether
these expectations were consistent with the regulations.

Although courts in broader contexts have often upheld the validity of regulations in general, but have
judged some regulations as takings with respect to particular property, the courts have almost
universally sustained floodplain regulations both in general and as applied to specific property. There
are several reasons for this support of floodplain regulations.

» Firsr, the rights of private landowners in water-oriented lands (e.g, floodplains and wetlands)
are subject to “public trust” and “navigable servitude” rights and interests.?

* SECOND, courts give great weight to protection of public health and safety and have, without
exception, sustained regulations needed to prevent nuisances” (e.g., blockage of flood flows)
and to prevent private actions (e.g., construction of dams) that may threaten public or private
safety on other land.

* THIRD, courts have, over the last twenty years, broadly upheld performance standard regulations
like the floodplain regulations typically adopted by states and local governments that require
private landowners to protect floodway conveyance capacity and elevate or otherwise protect
structures to the 100-year flood elevation.

¢ FourtH, courts have broadly supported technically-based regulations adopted consistent with
afederal/state/local overall plan and standards (e.g., pollution controls; state and local floodplain
regulations adopted pursuant to the National Flood Insurance Program).”

How will the three recent U.S. Supreme Court decisions affect future rulings on the “taking” issue?
Performance standard approaches and other regulatory approaches that tightly control only portions
of properties are not likely to be affected by these decisions and gain support from the Keystone
decision. Although the recent Court decisions have apparently not affected the basic tests for
determining if a taking has occurred, governments will now need to pay “temporary damages” if a
court determines that a taking has occurred. Some state courts had already awarded temporary
damages for regulatory takings prior to this decision, but most had not. Unfortunately, the Court
did not determine when a temporary taking would commence, under what precise circumstances a
temporary taking would occur, and what the measure of damages should be. A reading of the
Keystone and First Lutheran decisions together suggests a continuation of the overall rule for
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determining whether a taking has occurred — in general, no taking occurs unless an entire property
is denied all reasonable, economic use. Even then, a taking may not occur if all economic uses are
nuisance-like or threaten public safety (Kusler, 1982).

COURT FINDINGS ON FLOODPLAIN MANAGEMENT MEASURES

A more specific examination of cases addressing the taking issue over the last twenty years indicates
a number of important findings concerning several types of floodplain management measures.

Setbacks

Courts have upheld ocean and river setback standards (e.g., distances that development must be set
back from the water’s edge) (Pupula, 1974; O’Donnell, 1976; Maloney, 1978) to reduce flood and
erosion damage in a number of cases, including a Florida decision that broadly endorsed setbacks
to reduce hurricane and flood damage.” A recent lower court decision in South Carolina that found
a setback standard to be a “taking” was overturned on appeal®® In general, setbacks affect only
portions of properties and, therefore, do not deny all economic use of entire properties. Most setback
standards would not be affected by the recent U.S. Supreme Court decisions.

Moratoria

A number of courts have sustained fixed-period moratoria on rebuilding after flood disasters.”
However, as noted previously, the U.S. Supreme Court in the First Lutheran decision held that the
moratorium on rebuilding adopted by Los Angles County might be considered a taking if it prevented
all economic use of the land.

Although the First Lutheran decision raises questions concerning the validity of certain moratoria,
it should not affect soundly based moratoria imposed for fixed and relatively short periods of time.

Regulations Preventing All Development in Floodways and/or Flood Fringe Areas

A number of state courts?® have upheld very tight restrictions on floodway uses against claims of
taking. Apparently, no court has held that such regulations are a taking.

In the last decade, a number of courts have upheld open space regulations applied to broader
floodplain areas.” Several earlier decisions, however, held that open space regulations were a taking
because they denied all economic use of the lands affected.

The recent U.S. Supreme Court decisions will probably not affect regulations preventing development
in floodways and/or flood fringe areas although courts may now examine open space regulations with
greater care.
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Subdivision Regulations

Courts have broadly endorsed regulations controlling the subdivision of floodprone lands* and
requiring that subdividers install storm drains and on-site flood detention areas. Courts have also
endorsed drainage fees and other types of exactions as long as the fee or exaction had some
relationship to, and was proportional to, the special problems or needs of the subdivided area. For
example, a subdivider can be required to install a storm drain to meet the needs of a subdivision but
may not be required to install or pay for a storm drain for the whole community.

The recent U.S. Supreme Court decisions will likely not affect subdivision approval requirements
although courts may now require, in light of the Nollan decision, that governments more clearly justify
conditions attached to subdivision approval and more carefully relate those conditions to the goals
of regulations.

Regulation of Nonconforming Uses

Efforts to prohibit the rebuilding of nonconforming uses after flood disasters have been very carefully
examined by courts in the last ten years due, perhaps, to the severe nature of these restrictions. For
example, the South Dakota Supreme Court® held that efforts by Rapid City to summarily raze
structures damaged by the Rapid City flood of 1972 without payment of compensation were a taking
of property. This decision was based on the inadequacy of the procedures applied by the City and
the lack of documentation that these structures were nuisances in fact. The Minnesota Supreme
Court® also held that circuitous but persistent regulatory efforts to prevent a landowner from
repairing a structure after a severe flood were a taking. As noted previously, the U.S. Supreme Court
in First Lutheran decided that a moratorium on rebuilding after a flood disaster might be a taking.

These cases do not suggest that reasonable regulation of nonconforming uses before or after a disaster
will be held a taking, only that very stringent regulations lacking adequate factual base and not
tailored to the circumstances may be considered a taking in some circumstances.

Sand Dune Protection Regulations

Several state courts held in the 1970s and early 1980s that highly restrictive regulations prohibiting
all alteration of sand dunes were a taking because they denied all economic use of entire proper-
ties.» However, the Maine Supreme Court recently upheld a dune protection regulation that allowed
temporary, seasonal use of “back dune” areas for recreational vehicles but prohibited permanent
structures. The temporary, seasonal use was considered a reasonable use for the property.

Wetland Regulations

State courts have broadly endorsed state and local wetland regulations during the last ten years
(Kusler, 1982).3 Federal district courts and appellate courts in dozens of cases have also sustained
denial by the U.S. Army Corps of Engineers of applications for Section 404 permits.3 In 1985, the
U.S. Supreme Court unanimously endorsed the permitting requirements established under Section



Legal Interpretations by the Courts 10-11

404 of the Clean Water Act, but warned that such regulations might take private property where
regulations prevent all economic use of whole properties.?”

State and federal courts have also endorsed regulations to protect the natural and cultural resources,
including environmental and aesthetic values, of floodplain areas.®® A number of court-supported
regulations and/or programs that serve to protect natural and cultural floodplain resources, however,
have been established for the primary purpose of reducing flood losses.

LIABILITY FOR FLOOD DAMAGES

The threat of liability is an important concern affecting the implementation of certain floodplain
management measures by government agencies. In contrast with only a handful of lawsuits nationwide
over the last twenty years that have successfully challenged government flood loss reduction actions
on constitutional grounds, landowners have won thousands of damage suits against government units
for causing or increasing flood damages. Most of these successful lawsuits have been based on various
common law grounds for liability such as nuisance or trespass. Some have also been based on
constitutional grounds such as taking of private property without payment of just compensation.

A property owner or other individual suffering a flood or drainage-caused loss can recover damages
from a government unit in court only if the owner can show that: 1) the government entity owed
a duty to the owner or individual to avoid, prevent, or mitigate such loss; 2) the entity failed to carry
out that duty; and 3) the owner or individual suffered damage as a result of this failure.

The government entity charged with failure to carry out a duty may defend itself by claiming: 1) no
duty existed; 2) there was no failure to carry out the duty if one existed; 3) the landowner or other
property owner was not damaged, as claimed, by the failure to carry out a duty; or 4) other defenses
exist to the suit such as sovereign immunity, contributory negligence, or expiration of the statute of
limitations.

REASONS FOR INCREASED LITIGATION

Successful “liability” suits for increased flood damages have increased in recent years for the following
reasons:

o Landowners suffering flood damages have been encouraged to initiate legal actions by the
prospect of large damage awards from juries and the willingness of lawyers to take such suits
on a contingent fee basis. Units of government have also often been viewed as having “deep
pockets” (i.e., the ability to pay large awards).

¢ Courts have recognized broadened concepts of public and private landowner responsibility. For
example, the “common enemy doctrine” whereby landowners may alter or increase the flow of
diffused surface waters even where such alteration damages other landowners has been judicially
modified in many states to a rule of “reasonable use.” Under a reasonable use doctrine,
landowners can modify natural drainage only if they do so “reasonably” with regard to impact
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on others. In general, actions that substantially damage other landowners are not considered
reasonable by the courts.

¢ The “act of God” defense pertaining to damages from natural hazards has been severely dimin-
ished by improved flood prediction capability and flood maps. In the past, a private landowner
or unit of government blocking a floodway with a dike, for example, might have escaped liability
for increased flood damage on other property from a “100-year” flood by claiming the flood was
an “act of God.”” Such a defense, however, requires not only that a flood event be very large
and infrequent but that it be unforeseeable. Widespread availability of flood maps and improved
flood prediction make even standard project floods foreseeable.

e Improved data bases (stream flow records, flood maps) and hazard modeling capability have
facilitated proof of causation and proof of damages. Twenty years ago it was difficult to prove
that a fill in a floodway had raised flood heights one foot. Today, models are readily available
to calculate the impact of a fill on a specific size flood (e.g., a “100-year” flood).

e Improved technology, broad-scale dissemination of such technology, adoption of regulations and
guidelines, and the application of improved technology at many hazard locations have created
an increasingly high standard of care for “reasonable” government action. In general, govern-
ments are only liable for increased flood damages when government units do not exercise
reasonable care. Reasonableness depends upon the technology available, regulatory require-
ments, area customs, and a variety of other factors.

e The “sovereign immunity” defense® of states, local governments and, to a lesser extent, the
federal government has been substantially modified by statutes and case law, making it now
possible for landowners to sue government entities for a wide range of activities including
grading, filling, road-building and other activities that may interfere with drainage and flood loss
reduction measures such as dikes, dams, levees, and flood warning systems.

FACTORS AFFECTING LIABILITY

A number of additional considerations affecting government liability are of interest to floodplain
managers.

Government Liability When No Action is Taken

Except in a few instances, governments are not liable for naturally occurring flood damages.*
Government has, in general, no duty to construct dams, adopt regulations, or carry out other hazard
reduction activities unless required to do so by a statute. It is only where a government unit causes
flood damages or increases natural flood damages that liability may arise.

As a result, some government attorneys have recommended, in some instances, that agencies or local
governments “do nothing” with regard to flood loss reduction as a way of reducing potential liability.
This is increasingly poor advice. Although a common law duty to act may not exist, state legislatures
and Congress are requiring agencies and local governments to undertake certain hazard-reduction
measures which, if not carried out, may lead to liability. In addition, thousands of local governments
have adopted floodplain ordinances that establish specific procedures and standards for activities in
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floodplains and for evaluating permit applications for floodplain use. Failure to comply with statutes
or ordinances may also result in liability.*?

As a practical matter, it is often impossible or impractical for a city or state to “do nothing” with
regard to hazard areas in order to avoid liability. Cities have usually already undertaken a broad
range of activities that may increase natural flood damages on private property. These activities
include construction of roads and bridges, storm drains, dikes and levees, sewage treatment and water
supply plants, and various public buildings in the floodplain. Given the high risk of liability associated
with these activities, it may be far more appropriate to install a flood warning system with the slight
chance that liability may result if the system is incorrectly designed or maintained than it is to face
unmitigated flood damages resulting from the earlier activities.

Strict Liability Versus Reasonableness

In general, government units are not “strictly or absolutely” responsible for increased flood damages.
Liability usually results only where*® there is a lack of reasonable care. In some jurisdictions,
however, a concept of strict liability has been applied with respect to dams because of the high
probability of serious damage from dam failures (Bender, 1979).

Where the standard of reasonable care is judicially applied to an activity, the seriousness of foresee-
able threat to life or economic damage is an important factor in determining reasonableness of
conduct.* In general, the more serious the anticipated threat, the greater the care the government
entity must exercise. (See the later section in this chapter on “vertical evacuation.”)

Policy or Discretionary Decisions Versus Nondiscretionary, Ministerial Actions

As a general rule, courts do not hold legislative bodies or administrative agencies liable for policy
decisions® or errors in judgment where the legislature or agency exercises policy-making or discre-
tionary powers. But they often hold agencies responsible for failure to carry out nondiscretionary
duties or for negligence in carrying out ministerial actions. For example, an agency decision to build
a bridge able to convey “100-year” flood flows rather than “500-year” flows will probably not result
in liability despite damage to upstream landowners when a “500-year” flood occurs. This decision
is discretionary — it involves judgment and the balancing of costs and other factors. In contrast, that
same agency’s failure to build or maintain the bridge consistent with sound engineering practices (a
ministerial function) could result in liability.

Liability of Government Employees

Although governments may be liable for increased flood or drainage losses in a broad range of
contexts, government employees are usually not personally liable for planning, permit issuance,
operation of dams, adoption of regulations, or other activities. Legislators enjoy almost absolute
immunity.*s Agency staff are also protected, but not to the same extent. No personal liability results
where a government employee acts in good faith, within the scope of his or her job, and without
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malice. Successful lawsuits for hazard-related damages against government employees under common
law theories or pursuant to Section 1983 of the Civil Rights Act are apparently nonexistent.

LIABILITY AND HAZARD REDUCTION ACTIVITIES

The potential for government liability differs depending upon the level of government involved.
Liability also differs with regard to the following types of hazard reduction measures that may be
carried out.

Flood Contrel Measures

Local and state governments have often been successfully sued for negligence in the construction,
operation or maintenance of dikes, dams, levees, drainage ditches, and other flood control measures.

In contrast, the federal government is not liable for damages resulting from the design or operation
of flood control facilities because Section 702(c) of the Flood Control Act of 1936*7 specifically
exempts the federal government from liability for flood control measures. Nevertheless, landowners
have often attempted to sue the federal government for negligent operation of flood control works.
With minor exceptions,”® however, courts have found no federal liability because of the Section
702(c) exemption.

Mapping

In several cases, landowners have attempted to sue the federal government for damages caused by
inaccurate federal flood maps. So far, no suit has succeeded. In two cases, the court held that maps
prepared by the Federal Emergency Management Agency were, in fact, flood control measures and
subject to the broad federal flood control immunity.*

Landowners, however, have successfully brought cases against several states for disseminating
inaccurate hazard information.*

Warning Systems

The adequacy of warnings and warning systems has been litigated in only a small number of cases
although more such cases can be expected due to the establishment of a large number of warning
systems and broadened concepts of government liability. In one decision, a federal court held that
the federal government was not liable for an inadequate or inaccurate flood warning along the
Missouri River.*!

In a recent and widely publicized case, the U.S. Court of Appeals for the 1st Circuit> held that the
National Weather Service (NWS) was not responsible for failing to provide a weather report warning
ships of a quickly developing and very powerful hurricane. A NWS weather buoy had not been
working at the time the NWS issued its weather report for the Georges Bank off the coast of
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Massachusetts. Several boats and crewmen were lost. Relatives of the victims brought action in
federal district court claiming that the NWS was negligent because of the inoperative buoy and the
resulting lack of warning by the NWS. The District Court held that the NWS could be sued for negli-
gence and a jury awarded damages. This decision was appealed to a federal appellate court. The
appellate court held that there was no evidence the NWS would have issued a different report if the
equipment had been working, and reversed the district court. Although the federal government won,
the case suggests that federal liability could result if a flood warning system was not adequately
maintained and lack of maintenance could be shown as the cause of an inadequate warning and subse-
quent damages.

Flood Insurance

Landowners insured by the National Flood Insurance Program (NFIP) have filed a relatively large
number of suits claiming inadequate payment (Neubauer, 1988). In general, the suits have been of
a technical nature, and have addressed the precise terms of the insurance contract, including compen-
sable types of losses (e.g., flood vs. landslide), compensable items (e.g., rugs vs. structure), and levels
of compensation.

Some flood insurance-related suits have been broader-based and of greater overall significance with
regard to floodpldain management. For example, a federal court in one case held that landowners
and communities have no right to flood insurance and can not claim that denial of such insurance
was a taking of property.*

Disaster Assistance

The provision or absence of disaster assistance has not resulted in much litigation since courts have
held that the disaster assistance statutes do not, in general, create any “rights” to disaster assistance.

Evacuation Planning

Apparently no court has considered the adequacy of particular evacuation plans or the community,
federal, or state efforts to carry out such plans. A court would likely afford a government unit broad
discretion without liability in the preparation of evacuation plans. There is a risk of liability, however,
with respect to plan implementation. Successful law suits against communities by or on behalf of
individuals injured or killed by police vehicles or ambulances involved in more routine emergency
services suggest that communities could similarly be held liable for negligence in carrying out
emergency evacuation activities. The test for reasonableness, however, would be reasonableness in
the emergency context, not under ordinary circumstances.
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Vertical Evacuation (Refuge)

Potential federal, state, or local liability for designation of structures as “vertical refuges” during a
flood or hurricane has been broadly debated in recent years. This potential liability has also been
addressed in a recent study (Ruch and others, 1991).

The potential for liability is significant in some respects because loss of life is likely if a structure
designated as a vertical refuge should fail during a severe storm. There would be no way to escape
a collapsing structure surrounded by water at the height of a storm. As noted previously, the degree
of care that private individuals or governments must exercise to act “reasonably” in a specific circum-
stance depends, in part, upon the degree of risk present. Liability for loss of life or damages that
might result from vertical refuge failure, however, depends on a broad range of other factors.

Clearly, private developers who promote new residences as “hurricane proof” or safe for use during
a hurricane could be held liable if the structures failed during a hurricane.® Occupants (or, more
likely, their decedents) could claim they were induced to buy the structure based on this assurance,
and that an express or implied contract existed between seller and buyer.

A very different liability situation, however, would exist if a government unit merely designates certain
buildings as possible refuges of last resort should evacuation become impossible, and warns that such
designation provides no guarantee of safety. In this instance, there would be no express or implied
contract and the government unit could only be held liable for negligence in designating the structure.

AVOIDING LEGAL PROBLEMS

As the threat of liability has increased, along with fears that flood loss reduction measures may be
judged as a taking of property, some government units have undertaken measures to reduce potential
legal problems. The extent to which such precautionary measures have been undertaken, however,
is unclear.

AVOIDING CONSTITUTIONAL PROBLEMS

A number of measures have been taken to reduce the constitutional challenges to floodplain
regulations and other loss reduction measures.

o Instead of prohibiting all activities in hazard areas, many states and local governments have
adopted regulations with stringent performance standards. These standards often exceed the
minimum NFIP standards. For example, Wisconsin has adopted a zero-rise floodway standard
to prevent any significant increase in flood heights. It is extremely unlikely that such a perfor-
mance standard approach based on a sound and uniformly applied concept of hazard reduction
would be held as a taking.
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Many states and local governments have mapped floodplains in greater detail and with greater
accuracy than the NFIP. Detailed and accurate maps reduce the possibility of successful
constitutional challenges based on claims of unreasonableness or taking.

Many local governments have provided real estate tax breaks for tightly controlled land.
Coordination of regulatory, tax, acquisition, public works, and other community programs to
diminish the financial burden on tightly regulated landowners makes good sense from a constitu-
tional perspective.

Many communities have adopted improved permitting and record-keeping procedures, including
relatively detailed statements of findings for permit denials, so that these communities are better
able to defend their positions if challenged in court.

AVOIDING LIABILITY DUE TO INCREASED FLOOD DAMAGES

Communities are also taking actions to reduce potential liability for flood damages or to reduce the
impact of liability suits.

Many communities, state agencies, and federal agencies are obtaining legal advice for avoiding
future problems. This advice may pertain not only to what the agencies do but how they do it.
For example, from a legal perspective it may be desirable to submit proposed standards for
bridge openings, stormwater design, and flood protection elevations to a community’s legislative
body (e.g., city council) for debate and approval. Due to the special way legislative decisions
are treated by the courts, legislative judgments, particularly those of a discretionary nature, are
less likely to result in a successful liability suit than are agency decisions. Courts generally defer
to legislative judgment.

Some communities are preparing comprehensive flood hazard reduction plans and implementing
such plans with the philosophy that “liability can be avoided if flood damages are avoided.”
From a legal perspective, this is a sound philosophy. Regulations that prohibit private landown-
ers from increasing flood or drainage problems on land owned by others are virtually certain
to be upheld in court and may help to avoid future lawsuits against the municipality (which is
often viewed as having a deep pocket even if it is not principally responsible for flood damages).

Communities have enrolled in the NFIP to avoid liability because they have learned that
landowners are much less likely to sue for flood damages if the landowners have insurance and
are quickly compensated for such damages. -

Many communities are adopting drainage plans and regulations as well as flood hazard reduction
plans and regulations. To do so, they are adopting stormwater and grading ordinances as well
as stormwater and drainage systems. Most of the suits against cities for flood problems are, in
fact, for damages due to interference with natural drainage.

Communities are avoiding hazard-prone locations for public works such as schools and libraries
or quasi-public works such as industrial parks where users or lessees may be damaged by
flooding.

Agencies and communities are operating and maintaining dikes, levees, channels, flood warning
systems, and other flood loss reduction measures with greater care to avoid claims of negligence.
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¢ Communities are designing public works including roads, sewers, bridges, and sewage treatment
plants so that these works comply with federal, state and local floodplain guidelines and regula-
tions and so they do not block flood flows or cause drainage problems.

e Communities are applying remedial flood loss reduction measures to reduce the vulnerability
of existing floodprone development, particularly where some of the flood hazard has been caused
by government activities. These remedial measures may include acquisition and relocation,
establishment of flood warning systems, construction of flood control works, and enlargements
for bridge opening and culverts.

e Communities are purchasing liability insurance or establishing self-insurance pools or plans.

SUMMARY AND CONCLUSIONS

Litigation concerning government flood loss reduction measures takes two principal forms: 1)
“constitutional” challenges to floodplain regulations and other loss reduction measures; and 2)
“liability suits” initiated by those suffering flood losses as a result of incorrectly designed, maintained
or administered flood loss reduction measures.

The legality of various public flood hazard reduction measures and the threat of successful claims
for damages against government agencies for such measures are of concern to floodplain managers
at all levels of government. This concern has developed as a result of many court decisions in recent
years holding government agencies liable for actions that increased flood damages, and as a result
of a small number of successful lawsuits challenging the constitutionality of land-use regulations.

The types of lawsuits and the specific issues litigated have changed over the last twenty years,
reflecting changes in the predominant floodplain management techniques in use and the general status
of constitutional and tort (liability) law, as well as unresolved legal issues associated with flood loss
reduction techniques.

Three U.S. Supreme Court cases decided in 1987 addressing the constitutionality of specific land-use
regulations were widely, but inaccurately, reported to have invalidated hazard reduction regulations.
Although the three decisions are not easy to reconcile or interpret, and raise a number of additional
legal questions, they pertain almost entirely to regulations (not to other floodplain management
techniques) and do not generally invalidate hazard reduction regulations that are soundly based.

From a constitutional perspective, floodplain managers can continue to have confidence that
performance-oriented floodplain regulations (e.g., building codes, subdivision regulations, zoning
regulations) will be upheld in the courts despite restrictions that may affect private property owners
in some instances. It is important, however, that certain guidelines be followed in formulating and
implementing these regulations to reduce potential legal problems and lessen the risk of constitutional
challenge.
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From a liability perspective, floodplain managers should also have confidence that carefully prepared
flood loss reduction measures will reduce community and state liability. Specific actions suggested
in this chapter can be taken to further reduce potential government liability.
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