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1 EXECUTIVE SUMMARY

1.1 PURPOSE OF STUDY

The Federal Emergency Management Agency (FEMA) is responsible for preparing Federal Insurance
Rate Maps (FIRMSs) that delineate hazard zones and Base Flood Elevations in coastal areas of the United
States. These areas are among the most densely populated and economically important areas in the
nation. Coastal areas are subject to a variety of natural processes that result in significant hazards to
public safety and property along the nation’s coastlines, including extreme conditions of storm surge
flooding, waves, erosion, rainfall, and wind. The purpose of this study is to evaluate existing FEMA
procedures for delineating coastal flood hazard areas in three major coastal regions of the United States
(Atlantic, Gulf, and Pacific) and to develop recommended new guidelines and procedures in one of these
areas (Pacific).

This project was authorized cooperatively by FEMA Headquarters, FEMA Region IX, and FEMA
Region X in October 2003. The project is managed by Les Sakumoto, Project Officer for FEMA Region
IX. Northwest Hydraulic Consultants, Inc. is the lead consultant and manager of the Technical Working
Group. This Phase 1 Summary Report provides a brief background on the project approach; describes the
process for evaluating existing guidelines; and summarizes the recommendations for the Pacific, Atlantic,
and Gulf Coasts. Appendices to this report include information on the Technical Working Group, key
references, and Focused Studies on 11 categories of technical topics.

1.2 PROJECT CONTEXT AND GOAL

Approximately 50 percent of the population of the United States resides on or near the coast (less than 50
miles from the coastline). More than 3,000 communities are located in this 12,000-mile-long coastal
zone, which is covered by approximately 7,400 existing FIRM panels. Much of this inventory of coastal
FIRMs is more than 20 years old. Faced with maintenance of the present inventory and creation of new
FIRM panels, FEMA began an ambitious plan for Map Modernization in 1997. Congress approved a FY
2003 budget that included a significant increase for funding the Map Modernization Plan, and FEMA has
placed a high priority on coastal flood hazard mapping.

In considering the needs of Map Modernization in coastal areas, FEMA recognized the need for a
comprehensive review of procedures that will be used to identify coastal flood hazards. This review is
needed to consider advances in coastal flood hazard assessment and mapping that might be accomplished
based on the current state-of-the-art in scientific understanding of coastal processes, new technology and
numerical modeling techniques, improved and expanded data, and modern mapping techniques.

The goal of this project is to incorporate recent advances in the sciences and in coastal engineering into a
recommended approach for improved coastal flood hazard mapping, based on an understanding of local
and regional coastal processes.
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1.3 DESCRIPTION OF NEEDS BY GEOGRAPHIC REGION

Guidelines and Specifications for Flood Hazard Partners Appendix D: Guidance for Coastal Flooding
Analyses and Mapping (G&S) for the Atlantic Coast, Gulf Coast, and Great Lakes have been assembled
from elements developed over the course of many years; however, no comprehensive assessment has
been done to evaluate their effectiveness in hazard mapping for the Atlantic and Gulf Coasts. During this
time, the Pacific Coast was recognized as a special case because of differences in coastal processes (e.g.,
tsunamis, EI Nifio) and geomorphic characteristics, but no FEMA guidance was established specifically
for this coast.

1.3.1 Pacific Coast

The present G&S do not address the Pacific Coast as noted in Section D.4, "No FEMA guidance
documents have been published for Pacific Ocean coastal flood studies. Guidance is to be developed
based on existing methodologies recommend by FEMA coastal states for coastal analyses in the Pacific
Ocean." The existing guidelines focus on storm types and coastal processes that are relevant to the open
coast settings of the Atlantic and Gulf Coasts. The Pacific Coast is subject to storm types, wave
conditions, and coastal processes that differ from those in other coastal regions of the country. Therefore,
much of the existing guidance is not directly transferable to the analysis of Pacific Coast coastal flood
hazards. An assessment of the existing guidance is needed to determine which portions may be
transferred or modified for use on the Pacific Coast and what new procedures are needed. In general, the
FIRMs for the Pacific Coast of the United States are more than 20 years old. These maps require
comprehensive updating to adequately define hazard zones in some of the most densely populated and
fastest growing areas of the United States.

1.3.2 Atlantic and Gulf Coasts

The procedures in the existing guidelines can benefit from a comprehensive review considering more
recent experience and new technology. Modified or new procedures may be needed to incorporate
experience from previous studies and appeals, information on actual damages, and post-storm verification
data. In addition, the basis of existing procedures should be reviewed with an improved understanding of
ocean and coastal processes from recent research and data. The existing procedures include little
guidance on analysis of storm meteorology, storm surge, or wave setup. The existing guidance also may
need expansion to address flood hazards in coastal areas not directly exposed to ocean swell and storm
seas (e.g., bays and estuaries, referred to as Sheltered Waters in this report)

1.3.3 Other Areas

The review and update of the guidelines are intended to facilitate consistent and accurate mapping of
coastal flood hazards in the Map Modernization Plan. Because of the unique coastal processes in Alaska,
Hawaii, the Great Lakes, Caribbean islands, and Pacific islands, the project focuses on guidelines for the
oceanic coastlines of the conterminous United States. It is anticipated that many of the identified
procedures will be transferable to these other areas but that additional work will be required to address
unique physical characteristics and processes in each of these regions.
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14 PROJECT APPROACH AND SCHEDULE

The project approach includes two key elements to ensure that the project can be completed rapidly and
effectively: (1) assembling a team of technical experts (Technical Working Group, or TWG) with
experience in various coastal processes and their effects in different geographic regions of the country and
(2) conducting the project in two phases—Phase 1 to evaluate the existing guidelines for all three coasts
and Phase 2 to develop proposed new draft guidelines for the Pacific Coast.

The TWG is comprised of coastal experts from private industry, academic and research institutions,
federal agencies (National Oceanic and Atmospheric Administration, U.S. Army Corps of Engineers, and
U.S. Geological Survey), Flood Insurance Study (FIS) contractors, map coordination contractors, and
FEMA Headquarters and regional engineers. The TWG includes members from all three coastal regions
of the United States and from Europe. This group was organized to implement a collaborative approach
to identify the needs and priorities for improved coastal flood hazard mapping procedures, consider
potential alternatives, and develop recommendations.

The phased approach to the project allows updated, modified, and new procedures to be developed first
for the Pacific Coast, where none are currently specified. Some of these procedures will be applicable
with slight modification to study elements for the Atlantic and Gulf Coasts or to specific areas on these
coasts. This approach provides an efficient use of new G&S developed for the Pacific Coast.

A thorough evaluation of the guidelines must be completed on a schedule that allows coastal mapping to
proceed according to the Map Modernization Plan. Needed guideline improvements must be prioritized
to maintain this schedule. Phase 1 was initiated in October 2003, and a final report is scheduled for June
2004.

During Phase 2, a draft set of G&S for the Pacific Coast will be produced, along with associated backup
information and reports. The draft guidelines are scheduled for delivery to FEMA in September 2004. A
final draft set of Pacific Coast guidelines is anticipated in October 2004. This schedule will allow coastal
flood insurance studies to proceed with new draft guidance in fiscal year (FY) 2004/2005. This schedule
requires an intensive work effort to complete a comprehensive review of existing procedures, make
necessary modifications to existing procedures, develop new methods, and prepare G&S. This effort
involves approximately 20 organizations and active participation of more than 50 individuals.

1.5 PHASE 1 TASKS

The approach for the assessment phase of the project (Phase 1) was to examine all technical areas of the
coastal flood hazard mapping process. Initial tasks focused on a review of the existing guidelines and the
needs and priorities for their improvement. Under these tasks, coastal experts from the TWG reviewed
existing guideline methodologies for the ocean and coastal processes analyzed in flood insurance studies
(e.g., storm meteorology, storm surge, wave setup, wave transformation, wave runup, and overtopping)
and evaluated their applicability for each coastline. Case studies were prepared to demonstrate
application of guideline methodologies in previous coastal flood insurance studies on each coast, and
representative studies were prepared to demonstrate application of guideline procedures to particular
coastal processes.



FEMA INTERNAL REVIEW
NOT FOR DISTRIBUTION

EXECUTIVE SUMMARY
PHASE 1 SUMMARY REPORT

—_—— —— —

An international literature search was conducted to identify sources of information on existing and
evolving coastal engineering practices and to identify pertinent scientific research that may be useful in
developing new guidelines. The international experience of several TWG members was used during this
task to provide the project with information, techniques, and practices from around the world.

The initial tasks described above served as the basis for reporting and discussion at Workshop 1, held in
Sacramento, California, on December 2—4, 2003. The workshop was attended by 38 members of the
TWG from across the country. The workshop agenda included:

@& review of existing guidelines and practices;

ffiz)

technical presentations on the state of the science in coastal processes;

f@

workshop sessions to identify needs, priorities, and potential guideline improvements by coastal
geographic areas and coastal processes; and

& summary sessions to list and prioritize needed guideline improvements.

The primary result of Workshop 1 was a list of 53 technical topics for consideration in updating the
guidelines. Each item also included an initial assessment of the time and data required to develop
improved procedures. This assessment resulted in categorizing each topic as “Critical,” “Important,”
“Available,” or “Helpful.” “Critical” and “Important” topics were considered the highest priorities for
development of new or improved procedures, and were subdivided into topics that could likely be
addressed in the 6-month time frame of the project (“Critical””) and those that would require longer term
development by FEMA (“Important™). “Available” topics were considered areas where existing data or
methodologies were readily available for updating or creating guidelines. “Helpful” topics were
considered valuable but lower priority. These priority classes were assigned by the TWG for each topic
on the Atlantic and Gulf Coasts, Pacific Coast, and in Sheltered Waters (Non-Open Coast).

The results of Workshop 1 were used to formulate Focused Studies that organized the 53 technical topics
into 11 categories according to coastal processes and coastal flood hazard mapping procedures. Each of
these 11 categories became the subject of a Focused Study:

1)  Storm Meteorology
2)  Stillwater Elevations
3)  Storm Wave Characteristics
4)  Wave Transformation
5)  Wave Setup
6)  Wave Runup and Overtopping
7)  Event-Based Erosion
8)  Coastal Structures
9)  Tsunami
10)  Sheltered Waters
11)  Hazard Zones

These Focused Studies are included in the Appendices to this report.

The focused studies were conducted by groups of individuals from the TWG, each coordinated by a
Focused Study leader. This organization allowed the 11 Focused Studies to be completed simultaneously
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and rapidly. Preliminary drafts of the Focused Studies were presented at Workshop 2 on February 23-26,
2004, and subsequently were refined by the study groups.

The Focused Studies contain recommendations on the approach for updating the guidelines on three
coasts (Pacific, Atlantic, Gulf). These recommendations include further studies and guideline
development work that vary in complexity, level of effort, and time requirements. The level of effort
required to complete the recommendations for “Critical” and *“Available” items identified in Workshop 2
significantly exceeded the available time and budget for Phase 2 (Pacific Coast guidelines). Therefore, in
March, the project team engaged in a significant effort to develop options for limiting the scope and cost
of Phase 2 work while retaining the most important topics and a balance among the 11 technical
categories. The selected option defers some recommendations for future development in the National
Flood Insurance Program (NFIP) but maintains the target of producing reliable guidelines for coastal
studies on the Pacific Coast in FY 2004/2005.

1.6 SUMMARY OF PHASE 1 FINDINGS

A complete list of topics and recommendations developed by the TWG during Workshops 1 and 2 is
provided in Table 2 and the Focus Studies in the Appendices. The following are a few of the key findings
from the Phase 1 activities:

@ Procedures are needed to compute the 1% annual chance flood elevation where 1% stillwater levels
do not necessarily coincide with 1% wave conditions (e.g., the Pacific Coast and sheltered waters
along all three coasts).

Procedures to better represent wave setup are needed on all coasts

Procedures should be developed to use regional databases and wave transformation models to
develop wave spectra at the surf zone.

@ Methods are needed to evaluate the amount of wave dissipation due to propagation over muddy or
flat nearshore areas.

@ Procedures to quantify the effects of wave setup and event-based erosion in a variety of geomorphic
settings are needed.

(& On the Atlantic Coast, a review of the 540 square-foot erosion criterion is needed considering new
data; on the Pacific Coast, a similar geometric method is needed based on Pacific Coast data.

@ A probabilistic method for tsunami hazard assessment and methods for combining tsunami hazards
with other coastal hazards are needed.

@  Updates and amplification of existing guidelines for wave runup and overtopping and associated
hazard zones are needed. Improved methodology for wave overwash is needed.

(@ Some coastal processes, such as surge, wave transformation, and tsunamis, are best analyzed at a
regional scale rather than in flood studies of individual communities.

@  Sheltered waters (non-open coast areas) require specialized guidance because of their unique
hydrodynamic and geomorphic characteristics compared to the open coast. For example, new
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methods for calculating fetch-limited wind waves should be evaluated and incorporated in
guidelines, to the extent appropriate.

1.7 RECOMMENDED APPROACH FOR PHASE 2

Recommended approaches to address these and other needs are included in Sections 4 and 5 of this report.
A portion of these recommendations will be implemented in Phase 2 to prepare guidelines for the Pacific
Coast. The guidelines developed in Phase 2 will be designed to address the following general
requirements:

@. consideration of geomorphic settings and their relationship to required analysis, including clear
distinction between the open coast and sheltered water settings;

@ development of alternative procedures for defining the 1% percent annual chance flood elevation
where 1% stillwater and 1% wave conditions do not necessarily coincide, and consistency in their
application to multiple analyses in a coastal study; and

@ identification of analyses that may best be accomplished at regional scale (e.g., tsunami analysis,
wave transformation), and the appropriate input to local analyses and hazard mapping.

Phase 2 includes limited case studies in the following areas to develop and test new procedures and to
develop simple models designed specifically for use in FEMA flood insurance studies:

(& Storm Meteorology — testing to develop procedures for 1% flood elevation determination based on
wave and water level combinations in open coast and sheltered waters settings

@ Stillwater Elevations — testing for procedures to extract surge data from tide gage data; development
of a simplified surge model for the Pacific Coast

&  Wave Characteristics — case study to develop wind field and other input data specifications and
methods for application of spectral models

Wave Transformation — testing of wave transformation models
Wave Setup — testing of Boussinesq models; development and testing of new setup model

Runup and Overtopping — runup model testing combined with 1% flood elevation testing in Storm
Meteorology

@ Event-Based Erosion — testing of geometric models and procedures

A case study is also recommended by the TWG to develop a probabilistic methodology that considers
both near-field and far-field sources of tsunamis. This case study will be accomplished outside the scope
of the current project because of the highly specialized nature of the required analyses. This case study is
expected to be accomplished through interagency cooperation among FEMA, the National Oceanic and
Atmospheric Administration, and the U.S. Geological Survey, with assistance from private consultants
and research institutions, such as the University of Southern California.
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Some “Critical” and “Important” topics were identified for the Pacific Coast that will not be addressed in
Phase 2 because of limited time and resources. The Focused Studies provide background on these topics,
and Section 4 of this report provides a brief summary that can be used for planning of future guidance
development by FEMA.

No additional work will be performed for the Atlantic and Gulf Coasts in this project. Section 5 of this
report provides a brief summary of recommendations that can be used for planning future guidance
development by FEMA. In addition, some Pacific Coast guidelines to be developed in Phase 2 may be
applicable to analyses on the Atlantic and Gulf Coasts with little or no modification. The applicability of
Pacific Coast guidelines in specific technical categories is identified in Section 5. The Focused Studies
also provide reference information that may be useful to study contractors as a supplement to the existing
guidelines.

The project approach has relied heavily on the collaboration of Technical Working Group members to
meet a compressed schedule. This collaboration and interaction is a significant successful work product
of the project, and is gratefully acknowledged.
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2 INTRODUCTION

This section describes the project and its role in the FEMA Map Modernization Plan. It describes the
need for a comprehensive review and update of coastal flood hazard analyses and mapping and provides a
brief description of the overall project approach.

2.1 PROJECT DESCRIPTION

2.1.1 Overview — Map Modernization Plan and Coastal Flood Hazards

Federal law mandates FEMA to compile and update flood hazard maps for more than 19,000
communities nationwide. Because flood hazard conditions change over time due to natural and human-
induced changes, FEMA has an ongoing program to update flood maps for floodprone communities. Over
time, the needs for flood map updates have increased while federal funding to accomplish this has been
limited. Therefore, a significant portion of the present flood map inventory is out of date, while newer
communities may not have been mapped yet. To reverse this trend, FEMA prepared a Map Modernization
Plan with the goal to upgrade the 100,000-panel national flood map inventory which includes both
riverine and coastal areas. To accomplish this goal Congress approved a FY 2003 budget that included a
significant increase for funding the Map Modernization Plan. FEMA plans to meet the Map
Modernization goals by:

@ Developing up-to-date flood hazard data for all floodprone areas, including coastlines nationwide, to
support sound floodplain management and prudent flood insurance decisions;

@ Providing the maps and data in digital format to improve the efficiency and precision with which
mapping program customers can use this information;

@ Fully integrating FEMA’s community and state partners into the mapping process to build on local
knowledge and efforts;

Improving processes to make it faster to create and update the maps; and

Improving customer services to speed processing of flood map orders and raise public awareness of
flood hazards.

Approximately 50% of the population of the United States lives within 50 miles of the coast. There are
more than 3,000 communities along 12,000 miles of coastline, and approximately 7,400 Flood Insurance
Rate Map (FIRM) panels covering these coastal communities. Therefore, performance of coastal flood
insurance studies and preparing updates to coastal flood hazard mapping are key elements in meeting
Map Modernization goals for a large portion of the nation’s population. The coastal flood insurance
studies and updates to FEMA’s new digital mapping format (DFIRM) require application of consistent,
scientifically based analysis and mapping procedures. In considering the needs of Map Modernization in
coastal areas, FEMA recognized the need for a comprehensive review of procedures that will be used to
assess coastal flood hazards. This review is needed to consider advances in coastal flood hazard mapping
that can be accomplished based on the current state-of-the-art in scientific understanding of coastal
processes, new technology and numerical modeling techniques, improved and expanded data, and modern
mapping techniques.
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Existing procedures for coastal flood hazard analysis and mapping are described in Appendix D of
Guidelines and Specifications for Flood Hazard Mapping Partners (FEMA, 2003). This project includes
a comprehensive review of these procedures (referred to as guidelines or G&S in this report), resulting in
a recommended approach for updates to Appendix D. The existing guidelines were written for the
Atlantic Coast, Gulf Coast, and Great Lakes areas of the United States. There are currently no guidelines
specifically for the Pacific Coast. The project, therefore, also includes preparation of new guidelines for
the Pacific Coast.

2.1.2 Pacific Coast — Description of Needs

In general, the FIRMs for the Pacific Coast of the United States are more than 20 years old. These maps
require comprehensive updating to adequately define hazard zones in some of the most densely populated
and fastest growing areas of the United States. The existing guidelines focus on storm types and coastal
processes that are relevant to the open coast settings of the Atlantic and Gulf Coasts. The Pacific Coast is
subject to different storm types, wave conditions, and coastal processes than other coastal regions of the
country. Therefore, much of the existing guidance is not directly transferable to the analysis of Pacific
Coast flood hazards.

2.1.3 Atlantic and Gulf Coasts — Description of Needs

On the Atlantic and Gulf Coasts, the existing guidelines were developed over an extended period of time,
and applied in flood insurance studies in a variety of geomorphic settings. The procedures included in the
existing guidelines can benefit from a comprehensive review with more recent experience and new
technology. Modified or new procedures may be needed to incorporate experience from previous studies
and appeals, information on actual damages, post-storm flood hazard verification data, and new
knowledge and technology. In addition, there is a need to review the existing guidelines and their basis in
physical processes. An improved understanding of these ocean and coastal processes, based on recent
research and data, may allow the analysis procedures in the guidelines to be linked more directly and
accurately to these processes. Most recent coastal flood insurance studies have focused on updating the
mapping based on analysis of local wave effects at the shoreline. The existing procedures provide little
guidance on analysis of storm meteorology, storm surge, or wave setup. New and expanded guidance or
regional analyses may be needed to update these areas. The existing guidance may also need expansion
to address flood hazards in protected coastal areas (e.g., sheltered bays and estuaries).

2.1.4 Purpose Statement and Project Authorization

FEMA is responsible for preparing Federal Insurance Rate Maps (FIRMSs) that delineate hazard zones in
coastal areas of the United States. These areas are among the most densely populated and economically
important areas of the nation. Coastal areas are subject to a variety of natural processes that result in
significant hazards to public safety and property, including conditions of extreme rainfall, wind, waves,
surge, and erosion. The purpose of this project is to evaluate existing FEMA procedures for delineation of
coastal flood hazard areas in three major coastal regions of the United States (Atlantic, Gulf, and Pacific),
and to develop recommended new guidelines and procedures in one of these areas (Pacific).

This project was authorized cooperatively by FEMA Headquarters, FEMA Region IX, and FEMA
Region X in October 2003. The project is managed by Les Sakumoto, Project Officer for FEMA Region
IX. Northwest Hydraulic Consultants, Inc. is the lead consultant and manager of the Technical Working
Group.
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2.1.5 Phase 1 Summary Report

This report was prepared to summarize the first phase of the project. The report provides a brief
background on the project approach, describes the process pursued by the TWG to complete the
evaluation of existing guidelines and recommend an approach to update them, and summarizes the
recommendations for the Pacific, Atlantic, and Gulf Coasts. Appendices to this report include
information on the TWG, Key References, and Focused Studies on 11 categories of technical topics.

2.2 PROJECT APPROACH

2.2.1 Scope — Pacific, Atlantic, Gulf Coasts

The scope of the project includes the three major coastlines (Atlantic, Gulf, and Pacific) of the
conterminous United States. The evaluation of existing guidelines and development of procedures is
expected to also have applicability in Alaska, Hawaii, and other Pacific and Caribbean islands. However,
these areas are subject to unique coastal processes that cannot be adequately addressed in the timeframe
of the project. Future development of procedures specific to these areas will be required, drawing on
project results for the Pacific Coast.

The project approach includes two key elements to ensure that the project can be completed rapidly and
effectively:

1) Assembling a team of technical experts with experience in various coastal processes
and their effects in different geographic regions of the country; and

2) Conducting the project in two phases to first evaluate the existing guidelines for all
three coasts, and then develop proposed new draft guidelines for the Pacific Coast.

2.2.2 Technical Working Group — A Collaborative Approach

The process of evaluating and developing guidelines for coastal flood hazard delineation requires a
combination of high technical knowledge, practical experience, and familiarity with FEMA regulations
and procedures. Few individuals or organizations possess the capabilities to address the range of technical
challenges associated with the diverse processes affecting the three major coastal regions. Yet a
comprehensive set of guidelines is highly desirable to ensure consistency in hazard mapping and flood
insurance administration.

The project approach therefore relies on collaboration among a team of technical experts and experienced
floodplain management professionals from across the country. This team of experts is referred to as the
Technical Working Group (TWG), and includes members from: FEMA Headquarters and FEMA Regions
I 11 I 1V, VI X and X; National Oceanic and Atmospheric Administration (NOAA), U.S. Geological
Survey (USGS), and the U.S. Army Corps of Engineers (USACE); FEMA FIS contractors; coastal
engineering and scientific experts from consulting organizations, universities, and institutes; international
experts; and floodplain management professionals. The TWG provides a forum for building consensus
on the technical issues, provides high-level review of existing guidelines and new procedures, and also
provides a connection to a pool of additional technical resources through various organizations.
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2.2.3 Phased Approach
A phased approach was adopted for the project. The first phase of the work included:

&  Reviewing existing procedures and identifying needs as they pertain to the Pacific, Atlantic, and
Gulf Coasts;

f@

Prioritizing issues and identifying additional studies required;

fa

Conducting Focused Studies to address specific hazard analysis and delineation issues;

@

Preparing recommendations to FEMA for: (1) updating guidelines for the Atlantic and Gulf Coasts,
and (2) producing guidelines applicable to the Pacific Coast.

This report and the attached appendices are the primary deliverables for Phase 1.

In the second phase, the TWG will focus on procedures specifically needed to assess coastal flooding
processes on the Pacific Coast, while identifying procedures that may also be applicable in other regions.
For this phase, TWG members will draw upon technical resources available from within their
organizations to:

@ Perform technical studies to improve existing or develop new assessment and mapping procedures
specifically for the Pacific Coast; and

@  Produce new coastal flood hazard mapping draft Guidelines and Specifications for the Pacific Coast.

The primary deliverable from Phase 2 will be a set of draft Guidelines and Specifications for Coastal
Flood Hazard Mapping on the Pacific Coast. Detailed guidelines development or modification for the
Atlantic and Gulf Coasts are not included in this project. However, it is anticipated that much of the work
done during the Phase 1 assessment of existing guidelines and during the Phase 2 development of the
Pacific Coast guidelines will be informative during the development of flood insurance studies on the
Atlantic and Gulf coasts.

The phased approach ensures consistency in the technical basis for updating and developing new
guidelines across all three regions, and allows new procedures that are developed for the Pacific Coast to
potentially be applied in updates for other areas. The results of this project will assist FEMA to prepare
updates of guidelines for the Atlantic and Gulf Coasts, if undertaken in the future. Figure 1 illustrates the
key steps and flow of work in each phase.
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Figure 1. Project Approach

2.2.4 Objectives and Project Schedule

The objectives of the project are tied to the needs of Map Modernization — a comprehensive review of
existing guidelines is needed, as well as development of technical procedures and methodologies to
improve the efficiency and reliability of coastal flood hazard mapping. Coastal flood hazard mapping
combines the analysis of a series of complex physical processes with FEMA mapping standards for the
National Flood Insurance Program (NFIP). A review of all subjects that influence coastal flood hazard
zone delineations is therefore an extremely broad and ambitious task.

At the same time, the evaluation and preparation of the guidelines must respect the schedule for Map
Modernization and the need to conduct coastal flood insurance studies in FY 2004/2005. For these
reasons, the objectives of the project are to make significant improvements in coastal FIS guidance by
October 2004. This necessarily results in prioritization of needed improvements to ensure that they can
be accomplished within this ambitious schedule.

Figure 2 shows the schedule for the project, including key milestones for Phase 1 and Phase 2.
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3 PHASE 1

The purpose of Phase 1 is to establish guidance for updating the G&S based on the recommendations
from a diverse group of scientists, coastal engineers, and floodplain managers. This section describes the
activities of the TWG which evaluated technical issues for coastal flood hazard analyses and mapping and
developed priorities for addressing these issues. This information will be used for developing the Phase 11
scope of this project, which is the development of G&S for the Pacific Coast.

3.1 FORMATION OF TECHNICAL WORKING GROUP (TWG)

The TWG was formed early in the project, primarily by considering the range of physical processes and
analyses that comprise coastal flood hazard analysis for FEMA, and identifying key resources to address
these subjects. Expertise was required in a broad range of coastal processes, and experience was required
in application of FEMA procedures. The TWG is comprised of about 40 individuals that provide this
range of expertise and experience, drawing from sources at:

@& FEMA Headquarters and FEMA Regions I, 11 111, IV, VI, IX, and X
@  NOAA Pacific Marine Environmental Laboratory

® USACE

@  USGS

@ FEMA Map Coordination Contractors and National Service Provider
 FEMA FIS Contractors in California, Oregon, Washington, Florida,

North Carolina, Mississippi, and Massachusetts

@

University of Florida, University of California, University of Southern California, and
Oregon State University, and Scripps Institute of Oceanography

@ Coastal Experts from Denmark and England

The TWG continues to grow as new technical requirements and resources are identified. Preliminary
scoping for Phase 2 efforts expands the TWG with additional members from the United States, as well as
coastal engineering expertise from Australia, Japan, and New Zealand.

3.2 INITIAL STUDIES

The initial tasks for the project included a review of the existing G&S and a literature and practice search.
These tasks included an initial assessment of the existing guidelines, organized in a set of 11 technical
categories. The 11 categories were selected to represent ocean processes, coastal processes, and mapping
procedures that are considered in coastal flood insurance studies. They can be placed in an order that
generally coincides with a progression in the coastal study analysis from the open ocean toward the
coastline, the effects of the processes at the coastline, and the delineation of flood hazard zones. These
categories include:

1)  Storm Meteorology
2)  Stillwater
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3)  Storm Wave Characteristics
4)  Wave Transformation
5)  Wave Setup
6)  Wave Runup and Overtopping
7)  Event-Based Erosion
8)  Coastal Structures
9)  Tsunami
10)  Sheltered Waters
11)  Hazard Zones

These categories have been used through the course of Phase 1 to organize discussion and technical
topics, prepare detailed studies, and formulate recommendations. These 11 categories were defined to
break down the determination of coastal flood hazard mapping into a number of smaller, more tractable
physical processes. The ordering corresponds to the issues as they would be considered in a typical
mapping analysis starting from the offshore forcing conditions and moving shoreward. Storm Wave
Meteorology defines the wind and wave conditions offshore. Stillwater determines the water depth and
Storm Wave Characteristics define the character of the waves. Wave Transformation brings the offshore
waves to the nearshore and Wave Setup is the increase in the mean water level due to the presence of the
waves. Wave Runup and Overtopping can then be determined from the wave and water level information
(and beach profile information). Event-Based Erosion is the adjustment of the beach and shoreline to
large events. Tsunami is a Pacific Coast mechanism that may have a significant influence on flood zone
mapping. Sheltered Waters relate the above processes to semi-enclosed bodies of water. Hazard Zone
provides guidance for the application of the above analyses to the determination of coastal flood hazard
maps.

The initial assessment of the existing guidelines was supplemented by a set of case studies and
representative studies. Case studies were compiled for specific sites on the Atlantic, Gulf, and Pacific
Coasts. These case studies were used to illustrate the application of existing guidelines and practices to
problems in coastal flood hazard analysis. The representative studies were used to focus on specific
processes or application of specific procedures. The literature search compiled a list of national and
international references, and specific references were made available to the TWG.

These materials were provided to TWG members and were the subject of presentations at Workshop 1,
held in Sacramento on 2-4 December 2003 (Workshop 1 Binder, nhc 2003). This workshop focused on
the needs and priorities for updating the existing guidelines on the Atlantic and Gulf Coasts and for
preparing new guidelines for the Pacific Coast. The workshop included plenary sessions for presentations
on the existing guidelines, case studies, representative studies, and selected technical topics (e.g., storm
surge modeling, wave setup implications, current programs and information on regional wave
transformation modeling, recent research on coastal erosion, and state-of-the-art efforts in tsunami
modeling and research). Smaller working sessions were organized by geography (Atlantic/Gulf and
Pacific Coasts) and by categories of technical topics.

3.2.1 Workshop I Prioritization

Table 1 summarizes the topics that were compiled over the course of the three-day workshop, including
an initial assessment of priorities. These priorities were categorized considering the project schedule,
which allowed approximately six months for development of new guidelines for the Pacific Coast.
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Priorities for the Atlantic and Gulf Coasts and Non-Open coasts were also developed using the same
categories. Based on this practical consideration, topics were characterized as follows:

@& Critical - topics that were considered important to improve coastal flood hazard analysis and
mapping for the NFIP, that required significant effort to analyze or develop, but could be developed
or resolved in six months or less.

@ Important — topics that were considered important to improve coastal flood hazard analysis and
mapping for the NFIP, that required significant effort to analyze or develop, and are likely to require
more than six months to be developed or resolved.

fa

Available — topics that could be improved with relatively available data or procedures in less than six
months.

@ Helpful - topics that would be helpful to the NFIP, but were considered less significant or lower
priority.

A total of 53 topics were discussed at Workshop 1. As listed in Table 1 significant recommendations from
Workshop 1 included the need to:

@ Evaluate alternative methodologies for determination of 1% annual chance flood elevations where
1% stillwater elevations do not necessarily coincide with 1% wave conditions, especially for the
Pacific Coast and in some sheltered waters

@ Consider the use of regional databases and wave transformation models to develop wave spectra at
the surf zone

@ Develop improved methods for analysis of wave transformation over dissipative bottoms
Develop a procedure to quantify the effects of wave setup in a variety of geomorphic settings

Consider updates and application of simple geometric models (e.g., existing “540” criterion) for
storm event erosion, as well as potentially feasible of process-based methods and models for
estimating erosion

@ Consider updates and amplification of existing guidelines for wave runup and overtopping, and for
analysis of coastal structures

@  Consider the feasibility of frequency-based estimates for tsunami effects, and their combination with
other coastal processes and hazards

@ Develop procedures for sheltered waters (non-open coasts), considering the unique processes and
combinations of processes in these areas in contrast to open coast
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Table 1
Workshop 1 List of Topics
. - Atlantic / ... |Non-Open
ID Category Topic Description Gulf Pacific CoasF,)t
1 Wave Definitions of wave types using contemporary terminology A A
Characteristics |(so that everyone is using the same nomenclature):
standardize the terms
3 Wave Conversion from Shore Protection Manual to Coastal A A
Characteristics |Engineering Manual
4 Wave Open coast/deep water waves, swell exposure: Use hind-cast A C
Characteristics |databases, select based on evaluation
5 Wave Local seas: use nearshore representation of wind waves rather A C
Characteristics |than offshore wave hindcast
6 Sheltered  [Write guidelines for sheltered water methods H C C
Waters
7 Wave Evaluate regional models for California C
Transformation
8 Wave Assess need for regional models (beyond CA); outline H C
Transformation |methodologies to use
9 Wave Propagation over dissipative bottoms/friction (flat, shallow, C H C
Transformation |slopes); evaluate Suhayda methods, etc., and write guidelines
10 Wave Overland wave propagation: review and evaluate new | H H
Transformation |methods to better represent vegetation effects, treatment of
elevated pile supported buildings (WHAFIS issue)
11 | Runup, Setup, |Review programs, methods, and field data for run-up and H A A
Overtopping |over-topping; provide explicit guidance on where models
should be applied
12 | Runup, Setup, |Review appropriateness of the mean v. higher values for run- H C C
Overtopping |up, set-up, and overtopping
13 | Runup, Setup, |Develop improved guidance on mapping and determining A A
Overtopping |overtopping volumes
14 | Runup, Setup, |Review available methods and develop guidance for wavecast H | |
Overtopping |debris
15 | Runup, Setup, |Tsunamis: Address use of National Tsunami Hazard H C C
Overtopping |Mitigation Program products and approaches in the NFIP
16 | Runup, Setup, |Tsunamis: Develop method to predict 100-year tsunami H |
Overtopping |events
17 | Hazard Zones |Enhance existing guidelines for defining inland limit of VE- C C
zone including the development of a basis for better guidance
for heavily over-topped areas
18 | Hazard Zones |Investigate the appropriateness of existing VE and AE zone | |
definitions for coastal areas
19 | Hazard Zones |Flood risk management of combined coastal and riverine A A
flooding hazards
20 | Hazard Zones |Tsunami-structure-debris interaction to define hazard zones H I
21 Coastal Failed Coastal Structures: Clarify guidance that when a A A A
Structures  |structure is determined to fail under base flood conditions, the
structure is removed, but fill/topography remains and is




FEMA INTERNAL REVIEW

NOT FOR DISTRIBUTION
PHASE 1

PHASE 1 SUMMARY REPORT

—————————— . —————

Table 1
Workshop 1 List of Topics
. - Atlantic / ... |Non-Open
ID Category Topic Description Gulf Pacific Coast
subject to erosion, wave analyses
22 Coastal Failed Coastal Structures: Investigate configuration of failed H H H
Structures  |[structures
23 Coastal Buried Coastal Structures: Add G&S language that buried A A A
Structures  [structures are to be evaluated
24 Coastal Flood Protection Structures: Review 89-15 and other A
Structures |literature for tsunami failure information/guidance
25 Coastal Flood Protection Structures: Review G&S language -- (Study A A A
Structures  |Contractor not required to evaluate all structures) using 89-15
26 Coastal Flood Protection Structures: Review data on (and add to H H H
Structures  |G&S) effects of structures on flood hazards on adjacent
properties, flooding/waves behind structures via adjacent
properties
27 Coastal Coastal Levee vs. Structure Treatment: Review G&S and A A A
Structures  |regulations regarding treatment of coastal levees and
structures; identify conflicts; clarify G&S that evaluations of
all "structures" to be per 89-15
29 | Event - Based |Tsunami Induced Erosion: Review methods for estimating |
Erosion tsunami-induced erosion and provide recommendations
30 | Event - Based |Geometric Erosion Assessment: Review empirical geometric C
Erosion techniques; review pre- and post-event data for CA, OR, WA,
review OR setback methodology; develop geometric
techniques for Pacific shorelines, including sea cliff, bluff,
dunes, beaches
31 | Event - Based [Geometric Erosion Assessment: Add/revise G&S language A
Erosion regarding bluff erosion in Atlantic/Gulf areas -- better
descriptions/discussions are needed
32 | Event - Based [Geometric Erosion Assessment: Develop geometric method |
Erosion for bluff erosion in Atlantic/Gulf areas
33 | Event - Based [Shingle/Cobble Erosion Assessment: Add G&S C C C
Erosion description/discussion regarding effect of cobble/shingle
(including sediment mixtures/layers) on geometric erosion
technique
34 | Event - Based [Shingle/Cobble Erosion Assessment: Develop improved | | |
Erosion geometric methods which consider cobble/shingle effects
35 | Event - Based |Guidance for Erosion Assessments in Sheltered Waters: Add C
Erosion G&S description/discussion regarding erosion assessments in
Sheltered Waters
36 | Event-Based |Guidance for Erosion Assessments in Sheltered Waters: |
Erosion Review data and develop geometric methods for determining
eroded profile in Sheltered Waters
37 | Event - Based (540 Criteria: Expand database from which 540 sf criterion |
Erosion was determined; review use of median value
38 | Event - Based [Physics- or Process-Based Erosion Assessment: Develop | | |
Erosion assessment procedures that consider temporal and longshore
effects/variability
39 | Event - Based [Primary Frontal Dune Definition: Develop better definition of C | |
Erosion landward limit of PFD (used for V zone limit); gather and
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Workshop 1 List of Topics
. - Atlantic / ... |Non-Open
ID Category Topic Description Gulf Pacific Coaspt
evaluate Massachusetts CZM and other approaches
40 | Event - Based |Document Vertical Erosion Depths; maintain data and make H H H
Erosion available for use in building performance and insurance tasks
(depth-damage functions)
41 | Event - Based |Long-Term Erosion/Future Conditions: Consider revising A A A
Erosion G&S D.5 language and putting a warning on the FIRM;
reference CCM and other reports; discuss implications of
study data selection
42 | Event - Based |Treatment of Nourished Beaches: Ensure clarity in G&S that A A
Erosion references FEMA policy regarding treatment of nourished
beaches
43 | Event - Based |Treatment of Nourished Beaches: No consensus on long-term - - -
Erosion technical approach for handling this issue; FEMA policy
dependent
44 | Wave SetUp |Better define and document; summarize what to consider and C C C
how to approach; data requirements
45 | Wave SetUp |Compile example/data sets to perform tests C C C
46 | Wave SetUp |Develop interim method (consider Coastal Engineering C C C
Manual, Shore Protection Manual procedures)
47 | Wave SetUp |Develop “ideal method” coupled with storm surge and waves | | |
to develop set up
48 | Wave SetUp |Develop procedure for dynamic wave set up | I |
49 | Wave SetUp |Review WRUP™ (available wave run-up program) A A A
50 Storm Test and recommend storm surge procedures (JPM, EST, | |
Meteorology [Monte Carlo) and identify data sets for each region (e.g.,
NWS38 and HURDAT for hurricanes; nor'easters; Pacific
storms)
51 Storm Guidance on combined probability consideration for all C C C
Meteorology ([processes; need to define a procedure for determining the 1%
annual chance flood elevation
52 Stillwater  |Provide guidance on non-stationary processes (for example, A A A
relative sea level change) when establishing current
conditions
53 Stillwater  |ldentify reliable existing data to compare to existing FEMA C
flood studies to test performance of surge models
54 Stillwater  |Develop database for surge versus wave height - develop C C
interim west coast model for surge (possibly ADCIRC)
55 Stillwater  |Review the reliability of Pacific tide data to see if surge is C C
embedded in the data sets for the purposes of developing
surge factors for regions where there are little or no tide data;
provide guidance
Key: C =critical; A =available; | =important; H = helpful
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3.4 FOCUSED STUDIES

Focused Study groups were established for each of the 11 technical categories developed in Workshop 1.
Each Focused Study was assigned a leader and team participants based on experience in the technical
areas and in flood hazard mapping. Focused Study teams were comprised of 3 to 9 members depending
on the range and complexity of topics identified and the resources needed to complete the Focused Study
within the project schedule. The objectives of the Focused Studies included:

@ Improved definition of the issues or topics identified at Workshop 1

&

Assessment of existing guidelines and procedures related to the topic
Description of the history and implications of the topic in the NFIP
Consideration of alternatives and available data for improved guidance

Recommendation of an approach for updating existing and/or preparing new guidelines

B @2 @ @

Preliminary estimation of time required to accomplish the recommended approach

Most of the Focused Studies covered several topics, with varying levels of priority. Critical topics were
given highest priority for development in the focused studies, followed by Available, Important, and
Helpful topics.

The draft Focused Studies were used to guide discussions during Workshop 2, and subsequently modified
to reflect those discussions. Summaries of the Focused Studies are the primary technical work products
of Phase 1, and are attached as Appendix C to this report. These Focused Studies are intended to:

@  Guide development of Phase 2 work on the Pacific Coast

@ Serve as a technical resource for preparation of flood insurance studies, especially on the Atlantic
and Gulf Coasts

@ Serve as a planning tool for future development of guidance on the Atlantic, Gulf, and Pacific Coasts

3.5 WORKSHOP 2

Results from the draft Focused Studies were presented at Workshop 2. This workshop was held in
Sacramento 23-26 February 2004, and was attended by 40 members of the Technical Working Group.
This workshop was used as a forum for discussion of the technical topics in each category and the basis
for recommendations developed by each of the Focused Study groups. Table 2 lists the topics and which
Focused Study group developed recommendations. The table also identifies related topics so that inter-
relationships among topics can be coordinated.

Table 2 shows the compilation of TWG recommendations from Workshop 2. These recommendations
were developed with the consensus of the entire TWG. For several topics, case studies were
recommended to develop and test new procedures, or to test existing methods in particular settings. The
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consensus of the group was also used to confirm or adjust the priority classes for each topic, and to
carefully state the topic.

Table 2 presents a summary of recommended approaches for each topic and the category under which
each topic is applicable as developed at Workshop 2. Due to the number of topic, Table 2 presents a
significantly condensed version of the discussions held at Workshop 2. Sections 4 and 5 and the
Appendices to this report provide the detailed approaches and background. information for each topic. A
key for Table 2 is listed at the end of the table.

The definitions for the Priority Classes assigned to each task by the TWG were given in Section 3.2.
These definitions are repeated here for ease of reference.

@ Critical - topics that were considered important to improve coastal flood hazard analysis and
mapping for the NFIP, that required significant effort to analyze or develop, but could be developed
or resolved in six months or less.

&  Important — topics that were considered important to improve coastal flood hazard analysis and
mapping for the NFIP, that required significant effort to analyze or develop, and are likely to require
more than six months to be developed or resolved.

@ Available — topics that could be improved with relatively available data or procedures in less than six

months.

@ Helpful - topics that would be helpful to the NFIP, but were considered less significant or lower

priority.
Table 2
Workshop 2 Recommendations
Topic Category CX?;?' Péllzrs';y Recommended Approach F%Ip?itss
50 Modeling Storm AC | Identify and summarize data sources for storm 53-55
Procedures Meteorology | GC | parameters, and compare storm surge statistical
PC methods (EST, JPM, Monte Carlo approaches may
SW all be valuable); prepare guidelines describing the
use of each alternative; revisit treatment of storm
wind fields and wind stress formulation
51 Combined Storm AC C |For each major process combination, prepare All
Probability, Meteorology | GC C |Guidelines with recommended methodology and
Determination of PC c | illustrative examples. For wave plus high water
1% Annual SW C perform (2 open/sheltered) case studies for Pacific
Chance Flood sites to: (1) implement Wallingford approach; (2)
Elevations use NOS tide gage data; (3) use NOAA wave buoy
data. Develop practical Guidelines from study
findings, with examples
52 Non- Stillwater AC A | Identify and summarize data sources for sea level
Stationary GC A | rise and land subsidence and/or uplift; provide
Processes PC A | basic guidance regarding significance of non-
SW A stationarity in flood insurance applications; include
guidance on interpretation of historical data.
Suggest documentation of projected map impact.
53 Reliable Stillwater AC C |Develop overview guidance for surge modeling; 6, 44-48
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Table 2
Workshop 2 Recommendations
Topic Category CX?:?' Pcrl|22;y Recommended Approach F;glsitgs
Surge Data GC C |define procedures to assess accuracy of surge
PC estimates; suggest regional modeling approaches
SW for study economy
54 & 55 Pacific Stillwater AC Identify tide gage data sources; develop procedures| 6, 44-48
Coast/Sheltered GC for surge extraction from tide gage records for FIS
Waters Surge PC Cc | use (including test studies); develop simplified
Estimates SW C numerical modeling method for areas without data
(1-D Pacific Surge Model)
4 &5Swelland | StormWave | AC C | WIS database is recommended for use. 8,9, 51
Seas Characteristics| GC c |Clarify extrapolation to 100-year; investigate
appropriateness of using either 100-year significant
wave height or 20-year maximum; clarify use of
equivalent deepwater wave - definition (Topic 1)
PC C |1. GROW database is recommended for use in near| 8,9, 51
term for swell and sea. Confirm lack of bias in
GROW database. WIS can be used after
completion of current revision. CDIP data can be
used for model verification.
2. Develop G&S for preparation of input data for
wave modification models based on GROW
directional spectra.
3. Conduct a study of the available nearshore data
for Southern California Bight to assess whether
inclusion of the local wind will make a significant
change in the high frequency part of the spectrum
SwW C | Add guidance on use of Coastal Engineering 6,8,9,51
Manual (CEM); conduct a Focused Study to
confirm that Shore Protection Manual (SPM)
results are similar (validation for previous studies).
Conduct a Focused Study and describe procedures
for: (1) existing parametric model guidance; (2)
enhanced parametric models; (3) spectral energy
models
1 Wave Storm Wave | AC A | The recommended approach includes: (1) adopt 4,5,50,51
Definitions Characteristics| GC A |the CEM “Glossary of Coastal Terminology” and
PC A | International Association of Hydraulic Engineering
SW A and Research “List of Sea State Parameters” (for
notations); and (2) clarify the correlation of these
terms to the actual guidance and various
methodologies to ensure consistency
10 WHAFIS Wave AC I (C) |Clarify where WHAFIS, 1-D, and 2-D models are 8,9
Transformation| GC I (C) |most appropriate. Update WHAFIS and tie back to
PC 1(C) CHAMP. Minor Effort — code changes for more
user friendly program. Moderate Effort — more
intense code changes for improvement in accuracy
and graphics, add wind direction. Update G&S
accordingly
AC | Significant Effort — improve WHAFIS to include
GC | combined effects of damping and wind action over
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Table 2

Workshop 2 Recommendations

Topic

Category

Coastal
Area

Priority
Class

Recommended Approach

Related
Topics

each segment. Include realistic wave breaking
model for setup and other processes after
developed.

PC

Evaluate if changes to WHAFIS dissipation
criteria are necessary (see topic 9), and incorporate
in G&S modifications for PC

SW

Refer to AG, GC, and PC G&S
Include in PC G&S

7 CDIP CA

Wave

AC

Transformation

GC

PC

Develop interim G&S for use of CDIP regional
wave models and database (California)

PC

Expansion of CDIP regional model approach to
develop nearshore wave climate database in areas
where it is not currently available

SW

8 Overall WT

Wave
Transformation

AC

GC

Refer to PC G&S for potential use of regional
models

7,910

PC

Write G&S for Wave Transformations. Tasks:

1. Conduct several Focused Studies to assist in
writing the Wave Transformations G&S.

2. Use available publications to identify a range of
methods.

3. Develop criteria for level of analysis.

4. Include development of guidelines for spatial
coverage and wave parameters, and include use of
regional models such as CDIP.

5. Research available literature to adequately
define wave groups, infragravity waves, shallow
water spectra, etc. for input into wave setup and
runup calculations.

6. Evaluate wave transformation models using a
selected data set.

7. Review available literature and guidance on the
range of applicability of contemporary computer
models, recommend models for inclusion on the
FEMA pre-approved coastal model list, and
provide guidance on their application to FEMA
FISs.

8. Incorporate applicable sections of existing G&S
for other geographical areas that cover the
overland propagation and wave energy dissipation
topics. (Topics 9 &10)

6,7,9, 10,

11, 44, 45,

47, 48, 49,
54, 55

SW

Include in PC G&S; reference for AC and GC

9 Dissipation

Wave
Transformation

AC

GC

Write G&S to include a section on wave energy
dissipation over shallow and flat bottoms based on
available information.

Develop typical ranges for dissipation coefficients
for a variety of bed and wave conditions to include

8,10
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Table 2
Workshop 2 Recommendations

Related
Topics

Coastal | Priority

Topic Category Area | Class

Recommended Approach

in the G&S, based on available information.
Provide guidance on calibration if available data
not adequate to select coefficients.

GC | Conduct studies to develop typical ranges for

AC | dissipation coefficients for variety of bed and wave
conditions to include in the G&S.

Categorize bed and wave conditions for US
coastlines. Revise G&S to provide dissipation
coefficients on a geographic basis to the extent
appropriate; revise G&S to adopt Suhayda (1984)
method. Provide guidance on calibration of
available data not adequate to select coefficients.
PC H (C) |Evaluate wave dissipation over marsh and
mudflats in the Pacific using available information;
provide interim guidance for calculating wave
dissipation.

PC H(l) |Conduct field data collection to characterize wave
dissipation over marsh and mudflats in the Pacific;
provide guidance for calculating wave dissipation.

Include in PC G&S; reference for AC and GC

SW

44&45 Define, Wave Setup AC
Document, GC
Compile Data PC

SW

The recommended approach for this Topic is the 11
same for all geographic regions: Conduct a
thorough examination of all available relevant
literature with an emphasis on quality field data
sets. These would include experiments conducted
especially to investigate wave setup and especially
“experiments of opportunity” in major storms
including high water marks. Organize data by
"settings" identified in the Phase 1 effort.

O00O00

46 Interim Wave Setup | AC
Method GC
PC
SW

Several possibilities exist. The “Interim Method” 1,6,9
should include consideration of the following: (1)
Static and dynamic setup; (2) Irregular waves
(implicit in (1) above); (3) Characterization of
nearshore bathymetry; (4) A valid wave breaking
model; (5) Nonlinearities in S,,; and (6) Wave
damping where appropriate. An attempt should be
made to ensure that the interim method address as
many of the settings identified as possible.

O0|00

47 Develop Ideal | Wave Setup | AC
Method - GC
Coupled PC

SW

The recommended approach for this Topic is the 9, 10, and
same for all geographic regions. The ideal method many
would be one in which the storm surge model also beyond
incorporates a wave generation model. The wave those
generation model would predict directional spectra | identified
so that the characteristics of the dynamic setup in Table 1
could be calculated directly. It is recommended
that this topic be approached as a two phase effort
with the first phase evaluating approaches and the
second phase pursuing the approach identified.

48 Dynamic Wave Setup | AC I This topic could be incorporated into Topic 47; 9, 10, and
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Workshop 2 Recommendations
Topic Category CX?:?' Pcrl|22;y Recommended Approach F;glsitgs
Wave Setup GC | however, a more realistic approach is to parallel many
PC | Topic 47 with a first phase to evaluate existing beyond
SW I methodologies that could be applied. The results off  those
the first phase would guide the second phase, identified
which would implement the optimal approach in Table 1
identified. It is anticipated that the actual
procedures developed would be somewhere
between a full physics-based approach which
would proceed from a directional spectrum, and
the approaches available from Lo and Goda which
are either based on somewhat simple calculations
or empirical. A probable approach would be one in
which the dynamic wave setup is based on
parameterized spectra determined as a function of
wind fields and continental shelf width of interest.
30 Geometric Event - Based| AC 1. Select and evaluate existing geometric methods | 31, 32, 35,
Techniques - PC Erosion GC and models. 36, 37
PC C |2 Develop guidance for determination of a Most
SW Likely Winter Beach Profile including areas of
beach nourishment.
3. Evaluate geometric modeling procedures for
sand beaches and dunes on PC and test with
available data sets.
4. Recommend that FEMA expand/support the
present USGS/NOAA coastal survey program for
the Pacific Coast; update likely winter profiles for
various geomorphic settings.
31 Bluff Erosion | Event - Based| AC A | Add/revise guidance language to distinguish bluff | 30, 32, 35-
- AC/GC/(PC) Erosion GC (A) |erosion from other processes with descriptions and 38,41
PC (A) examples.
SW (A)
32 Geometric Event - Based | AC I (A) |1. Review existing bluff erosion procedures and 12, 21, 33,
Method for Erosion GC | (A) |literature. 35, 38,42
Bluffs - PC (A 2. Consider development of geometric procedure
AC/GC/(PC) SW A for bluff erosion and cliff retreat.
33 Cobble/ Event - Based| AC C | 1. Prepare new sections of G&S to describe 30, 31, 32,
Shingle Effects Erosion GC Cc |differences between sand dominated beaches and 34, 37
PC c | gravel/cobble/shingle beaches found along the
SW c north Atlantic, Gulf, Pacific and in Sheltered

Waters areas. Provide photos and profile
information.

2. Gather existing literature on gravel, cobble, and
shingle beaches to summarize the existing state of
knowledge until specific guidelines can be
developed and adopted.

3. Review literature on the design and construction
of dynamic revetments and cobble berms to
provide guidance on beach stability and long term
development.




FEMA INTERNAL REVIEW
NOT FOR DISTRIBUTION

PHASE 1

PHASE 1 SUMMARY REPORT

—————————— . —————

Table 2
Workshop 2 Recommendations
Topic Category CX?:?' Pcrl|22;y Recommended Approach F;glgitgs
4. Examine other possible guidance and available
beach and dune data sets for possible clarifications
to the 540 SF criterion for sand-dominated beaches
versus gravel/cobble/shingle beaches.
5. Discuss the limitations of applying geometric
models to cobble/shingle beach and dune areas
34 Cobble/ Event- Based| AC | Develop geometric procedure for cobble/shingle 12, 21, 33,
Shingle - Erosion GC | eroded profile. 35, 38, 42
Geometric PC I
Method SW |
35 Erosion — Event - Based| AC C 1. Provide definitions and discussion in G&S for 5, 6, 36, 41
Sheltered Waters Erosion GC C |sheltered water types of beach morphology,
PC C materials, and wave characteristics.
SW C 2. Provide interim G&S based primarily on
historical beach profiles and field observations.
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Workshop 2 Recommendations
Topic Category CX?:?' Pcrl|22;y Recommended Approach F;glsitgs
36 Geometric Event - Based | AC | 1. Provide interim G&S for the AC and GC based | 5, 6, 35, 38
Method — Erosion GC | primarily on historical applications of the 540 SF
Sheltered Waters PC I criterion on AC/GC.
SW I 2. Provide interim G&S for the PC based primarily
on historical field observations developed on PC.
3. Perform pilot studies; refine procedures and
describe methods for G&S.
4. Incorporate event-based models where feasible
into final G&S.
5. Provide guidance on appropriate models for
erosion in sheltered waters
37 Review 540 | Event - Based| AC | 1. Expand database beyond 38 storm events for AC| 32, 34, 36
SF Criterion Erosion GC | and GC using more recent data.
PC 2. Re-evaluate existing data points.
SW 3. Consider storm duration in analyses.
4. Consider variability of erosion about median at
each data point.
5. Evaluate geometry of retreat and removal
profiles.
6. Contingent on 1. through 5., determine whether
median erosion trigger should be maintained or
revised.
38 Process-Based | Event - Based | AC | 1. Further develop and test process-based models | 30, 31, 32,
Approach Erosion GC | using field data and compare with geometric 35, 36
PC I models.
2. Develop method to include randomness of storm
SW | - L .
waves and tides and coincidence in Item 1.
3. Provide G&S for erosion assessment to coastal
bluff fronted by narrow beach.
4. As an interim method continue to use the 540
SF Criterion for A/G and GL, and most likely
winter beach profile or best documented winter
profile for the Pacific Coast.
39 PFD Event - Based| AC C |Covered in Hazard Zones Topics
Erosion GC C |Covered in Hazard Zones Topics
PC | Covered in Hazard Zones Topics
SwW | Covered in Hazard Zones Topics
40 Vertical Event - Based| AC H | Document depths of erosion following storm 30-36
Erosion Depths Erosion GC H |events and maintain data for depths of erosion and
PC H |damages to buildings in order to better determine
SW m “depth-damage” relationships. As methods and
models are coded, calculate and store vertical
erosion depths along transects and grids.
41 Long-Term Event - Based| AC A | 1. Topic considered important to NFIP, but FEMA | 30, 31, 32,
Erosion Erosion GC A |action on previous work is pending; therefore 35, 36
PC A | guidance is best developed by FEMA outside of
SW A current project.

2. Better risk communication to public - outside of
G&S.
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Table 2
Workshop 2 Recommendations
Topic Category CX?:?' Pcrl|22;y Recommended Approach F;glgitgs
42/43 Nourished | Event - Based| AC A Prepare guidance to: (1) Notify FEMA that study
Beaches Erosion GC A area includes beach nourishment project; (2)
PC A Conduct research and preliminary analysis to
SW determine whether beach nourishment is likely to
have an effect on hazard zone designations and/or
BFEs; (3) Provide list of types of information that
may be required to assess special cases where
beach nourishment may be considered in
determining hazard zones and BFEs (as an
exception to existing FEMA policy).
21a Failed Coastal AC A | Expand guidance to discuss removal of seawalls, 22,13
Structures Structures GC A | bulkheads, revetments, coastal levees.
PC A
SW A
21b1 Failed Coastal AC A | Mention in guidance: removal of the effects of 22
Structures Structures GC A | groins, jetties, detached breakwaters on the
PC A |shoreline.
SW A
21b2 Failed Coastal AC A | Develop specific guidance on how to remove the 22
Structures Structures GC A | effects of groins, jetties, detached breakwaters on
PC A |theshoreline.
SW A
23 Buried Coastal AC A | Mention in guidance: buried structures may exist, 22
Structures Structures GC A | should be located and should be considered in
PC A |analyses.
SW A
25 Flood Coastal AC A | Mention in guidance: detailed TR-89-15 22,26, 27
Protection Structures GC A |evaluation/certification of coastal structures are not
Structures PC A | required during FIS, but discuss implications (see
SW A Topic 22).
27a Coastal Coastal AC A | Revise G&S to differentiate coastal levee
Levees v. Structures GC A | requirement from those for other costal flood
Structures PC A | protection structures; identify conflicts.
SW A
27b Coastal Coastal AC H |Review, revise TR-89-15 evaluation criteria. 11
Structure Structures GC H
Evaluation PC H
Criteria SW m
27c Coastal Coastal AC A | Consider requiring all structures (existing and 25
Structure Structures GC A | new) to meet the same evaluation criteria.
Treatment PC A
SW A
24 Structures - Coastal AC Review literature and revise guidance for coastal 22
Tsunamis Structures GC structure evaluation criteria in tsunami-prone
PC A areas.
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Workshop 2 Recommendations
Topic Category CX?:?' Pcrl|22;y Recommended Approach F;glgitgs
SW
22 Failed Coastal AC H | Review Coastal Engineering Manual (CEM) for 21,24
Structure Structures GC H [|treatment of failed structures; revise guidance to
Configuration PC H _|include modified Philip Williams & Associates
SW H Sandy Point methodology (intact and failed where
performance uncertain) and CEM results
26a Adjacent Coastal AC H  |Review literature and develop guidance for 11, 22
Properties Structures GC H |evaluating the erosion effects of coastal structures
PC H | on adjacent properties.
SW H
26b Adjacent Coastal AC H |Review literature and develop guidance for 11, 22
Properties Structures GC H |evaluating the hydraulic effects of coastal
PC H | structures on adjacent properties.
SW H
26¢ Adjacent Coastal AC H | Deleted
Properties Structures GC H
PC H
SW H
26d Adjacent Coastal AC H |Develop guidance for evaluating flooding and
Properties Structures GC H |erosion from adjacent properties.
PC H
SW H
26e Minimum Coastal AC H Deleted 11,22
Length Structures GC H
PC H
SW H
12 Mean v. Runup and AC | H(C) |1. Revise guidance to include sandy beach, small 11,16
Higher Value Overtopping | GC | H (C) |dune shore type in runup analyses.
PC Cc |2 Review runup distributions for beaches and
structures during El Nifio, coastal storm and
SW C : S ]
hurricane conditions; review runup damages;
evaluate use of R50%, select alternative value if
hazard is not properly represented.
3. Tsunami runup to be treated by procedures
developed specifically for tsunami events.
4. Investigate feasibility of interim procedure for
modifying the results of RUNUP 2.0.
11 Methods and Runup and AC H (1) |1. Evaluate expansion of "Oregon-type" and 4,5,7,8,
Models Overtopping | GC H (1) |"CDIP-type" methods as interim Pacific runup 12, 16, 44-
PC A (C) method _ _ ) 49
SW | AQ) 2. Develop test scenarios for side-by-side

comparisons of existing runup methods, models
(give priority to Pacific and New England
scenarios). Will require establishment of
probabilities

3. Perform comparisons, eliminate methods,
models; identify appropriate runup methods,
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Table 2
Workshop 2 Recommendations
Topic Category CX?:?' Pcrl|22;y Recommended Approach F;glsitgs
models by location, morphology and hydraulic
conditions. Address uncertainty issues.
49 WRUP Runup and AC A | Evaluate with other runup methods and models in 11
Overtopping | GC A | Topic 11.
PC A
SW A
13 Overtopping Runup and AC (A) 1. Evaluate existing methods and models for 11,12, 14
Volumes Overtopping | GC (A) |calculating mean overtopping rates
PC A | 2. Determine appropriate procedure for calculating
SW A overtopping at structures, remnant dunes, low
profile beaches, and barriers
3. Revise procedures for overtopping calculations
at bluffs.
4. Review literature for data on acceptable
overtopping rates, revise landward flood hazard
Zones.
5. Review FEMA practice to limit runup elevations
to 3 feet above barrier crests.
14 Wavecast Runup and AC H |1. Review the literature and quantify the 6, 13, 18,
Debris Overtopping | GC H |significance of coastal flood damages from drift 20, 22
PC I logs and wave-sprayed stone.
SW | 2. Review past flood insurance studies that have
resulted in methods for defining flood hazards
from wave-cast debris, and refine methods where
appropriate.
3. Incorporate into mapping zones, but don't
attempt to specifically map debris (i.e., map the
water that carries debris, but not debris itself).
15 NTHMP Tsunamis AG H | The recommended approach includes: (1) develop | 16,20,29
GC H |digital database; and (2) develop a methodology,
PC c_|including recurrence interval estimation, for use of
SW C NTHMP products for NFIP for tsunami hazard
zone delineation. (Tasks Go With Topic 16)
16 100-year Tsunamis AG H | The recommended approach is to perform a 15,20,29
Recurrence GC H |comprehensive probabilistic tsunami hazard
P C | assessment at a pilot site in California or Oregon or
SW C Washington to include: (1) recurrence interval
estimate of forcing functions; (2) propagation of
tsunamis from Subduction Zone; (3) inundation
calculations; (4) probability distributions and
integration. Use results to assess whether tsunami
condition will govern hazard zone delineation.
20 Structure- Tsunamis PC | Review TR-89-15 for recommendations for impact 15,16
Debris forces using data for overland flow depths and
Interaction velocities for the numerical simulations from Item
15 and 16 for one specific locale. (Conditional on
Topic 16) Linked to Topic 24.
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29 Erosion Tsunamis SW | Evaluate and integrate USGS erosion data into
empirical relationships for the specific locale under
study. (Conditional on Topic 16)
6a Definitions Sheltered AC H |1. Review previous sheltered water flood studies, | 1,5, 9, 10,
and Waters GC H |compare methods, geomorphic conditions, unique | 11-14, 15-
Classification PC c | flood hazards. 16, 17-19,
SW C 2. Compile a list of coastal (sheltered water) flood | 20, 21-27,
study definitions in G&S and prepare definitions 29, 30, 35-
for Guidelines. 36, 37-43,
3. ldentify and classify Pacific sheltered water 44-48, 50-
physical processes and site characteristics. 51, 52-55
4. Review classification systems established by
others and refine/adapt a system for sheltered
water areas.
6b Historical Sheltered AC H |1. Review previous sheltered water flood studies 9-10, 11-
Information Waters GC H |and document methods used for validating flood 14, 17-19,
PC Cc |study results. 21-22, 24,
SW C 2. A summary of the review may include a 30-31, 35-
checklist for results validation. 36, 53
3. Compare results of past flood studies to actual
damage and flood observations made by
community officials and residents.
6¢ Peer Input All AC H |Deleted All
GC H
PC C
SW C
6d 1% Annual Sheltered AC H |1. Review the methods used in previous FEMA- 4,5,8-10,
Chance Flood Waters GC H |accepted sheltered water flood insurance studies 12, 16, 19,
Elevations PC c | for possible adoption as methods to reference in 44-48, 50-
SW C the new guidelines (Topic 51). 51, 52-55
2. Evaluate potential need for guidance on joint
probability effects considering coastal watersheds.
3. Expand discussion of existing guidance on wind
data acquisition and analysis and fetch-limited
wave forecasting.
6e Stillwater Sheltered AC H |1. Review pertinent scientific literature and 44-48, 52-
Elevations and Waters GC H |resource management practices. 55
Tidal Currents PC C |2 Prepare guidance for the transfer of tide gauge
SW C data to ungauged sheltered water bodies.
3. Prepare guidance for the estimation and use of
tidal datums in flood insurance studies.
4. Prepare guidance for the assessment of tidal and
nearshore currents and their significance to flood
hazards.
5. Coordinate guideline development with Wave
Setup and Stillwater Focused Study Groups
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Topic Category CX?:?' Pcrl|22;y Recommended Approach F;glgitgs
6f Coastal Sheltered AC H |Covered in Topic 21a 11-14, 17-
Structures Waters GC H 19, 21-27,
PC C 35-36
SW C
69 Hazard Zones Sheltered AC H |Covered in Topic 17 13-14,
Waters GC H 17-19,
PC c 35-36
SW C
6h Inter- Sheltered AC H Identify and assess interrelationships of new PC All
relationships Waters GC H G&S to other sections of existing G&S and other
PC c | FEMA multi-hazard initiatives.
SW C
17 VE Zone Hazard Zones| AC C |1 Investigate and develop guidance to better map | 11, 12, 13,
Limit GC C |the BFE transition between PFD and landward & 14
PC I hazard zone.
SW C 2. Establish procedures (hazard identification and
mapping) to better utilize VO Zones.
3. Establish procedures for identifying and
mapping wave overtopping and wave-cast debris
hazards.
4. Establish improved procedures for establishing
the landward limit of the PFD .
18 VE/AE Zone |Hazard Zones| AC | 1. Investigate and develop Coastal A Zone criteria | 11, 12, 13,
Appropriateness GC | (wave and erosion damage) and procedures for & 14
PC I application within the NFIP.
SW | 2. Prepare technical bulletins for clarification of
proposed revisions to VE Zones, AE Zones, and
new VO Zones related to hazard identification and
floodplain management.
3. Apply new concepts in a case study area.
4. Develop an annotated bibliography of related
research and papers to support new guidance.
19 Combined Hazard Zones| AC A | 1. Review the previous guidance from 1981 for
Coastal/ Riverine GC A |adoption into G&S.
PC A | 2. Develop mapping standards to clearly identify
SW A this hazard zone.

Key:

Topic

Category
Geographic Region
Priority Class

Recommended Approach

Related Topics

Topic Number from Table 1 - Workshop 1 List and Subject

Major Category from Table 1 - e.g., Stillwater Elevations, Wave Setup, Runup and Overtopping, etc.

AG = Atlantic Coast; GC = Gulf Coast; PC = Pacific Coast; SW = Sheltered Waters

Priority Class from Table 1; e.g., H, A, C, I (in parentheses if Focused Study has recommended a

change in priority class)

Brief Description of Recommended Approach

Topic Number for Related Topics
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3.6 PHASE 2 SCOPING — PACIFIC COAST

A primary objective of the Focused Studies and the recommendations from Workshop 2 was to guide
Phase 2 work on the Pacific Coast. Following Workshop 2, the recommended approach for the Pacific
Coast was compiled and an estimate of time and budget to accomplish the recommended tasks was
developed. This estimate exceeded the available time and budget for the project by 300%. Therefore,
options were developed and reviewed with FEMA to prioritize tasks to be included in the Phase 2 work.
FEMA made a significant adjustment to the project budget to allow a larger portion of the
recommendations to be explored and implemented in Phase 2. The prioritization process attempted to
retain significant work in all 11 technical categories to produce a comprehensive set of guidelines for the
Pacific Coast.

The selected option includes limited case studies in several areas to develop and test new procedures, and
development of simple models designed specifically for use in FEMA flood insurance studies. Model
development, case studies, and testing of methods and models are included in the Phase 2 work in the
following areas:

@ Storm Meteorology — testing to develop procedures for 1% annual chance flood elevation
determination based on wave and water level combinations in open coast and sheltered waters
settings

@  Stillwater Elevations — testing for procedures to extract surge data from tide gage data; development
of surge model for the Pacific Coast

@ Wave Characteristics — case study to develop wind field and other input data specifications and
methods for application of spectral models

Wave Transformation — testing of wave transformation models
Wave Setup — testing of Boussinesq models; development and testing of new setup model

Runup and Overtopping — runup model testing combined with 1% annual chance flood elevation
testing in Storm Meteorology

(@ Event-Based Erosion — testing of geometric models and procedures

A case study is also recommended by the TWG to develop a probabilistic methodology that considers
both near-field and far-field sources of tsunamis. This case study will be accomplished outside the scope
of the current project due to the highly specialized nature of the required analyses. This case study is
expected to be accomplished through inter-agency cooperation between FEMA, NOAA, and USGS, with
assistance from private consultants and research institutions such as the University of Southern California.

In addition to the model development, case studies, and testing listed above, Phase 2 work will include
evaluation of existing methods and databases as they pertain to coastal flood hazard mapping on the
Pacific Coast, and preparation of guidelines in each of the 11 technical categories.
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4 RECOMMENDATIONS — PACIFIC COAST

This section presents recommendations for the development of G&S for the Pacific Coast. The first part
of this section discusses the importance of considering both open coast and sheltered waters for Pacific
Coast FIS and potential alternatives for the determining the 1% annual chance flood hazard. This is
followed by specific recommendations for the Pacific Coast in the 11 technical categories discussed in
Section 3.

4.1 INTRODUCTION — OBJECTIVES AND NFIP CONSIDERATIONS

A primary objective for these recommendations is to guide work in Phase 2 of the project for the Pacific
Coast. For the Pacific Coast, the recommendations are split into recommended Phase 2 work and
recommended future development. The work shown in Phase 2 will produce a set of guidelines
specifically for the Pacific Coast and facilitate new and updated coastal flood insurance studies for map
modernization.

The work in Phase 2 does not include all the recommended Critical, Available, Important, and Helpful
topics. The Phase 2 recommendations have been adjusted from the Workshop 2 recommendations taking
into consideration available resources and budgetary constraints to maintain the project schedule. These
adjustments were made to allow treatment of the full range of technical categories in the guidelines at a
significant level of technical detail, considering priorities for needed improvements and relative
importance among categories.

Secondary objectives for this section are therefore to recommend future work to further improve and
expand the guidelines and to serve as a reference for planning future FEMA technical guidance work.
The summaries in this section also provide a concise connection to the appended Focused Studies, which
include additional information and references on the topics that were deferred to the future. In addition to
new guidelines, these Focused Studies may be valuable references for the NFIP as coastal studies move
forward on the Pacific Coast.

4.2 GUIDELINES FORMAT AND STUDY PROCESS

On the Pacific Coast, new guidelines will be developed in Phase 2 that can be incorporated by FEMA into
Appendix D of the Guidelines and Specifications for Flood Hazard Mapping Partners (FEMA, 2003).
This set of guidelines evolved over approximately 20 years and is specifically applicable to the Atlantic
and Gulf Coasts. As part of Phase 1, the existing guidelines were reviewed by the project team to
determine the potential applicability of this format to new guidelines for the Pacific Coast. Based on this
review, the project team feels that the new guidelines would benefit greatly from reorganization and
restructuring to address particular aspects of coastal flood hazard analysis and mapping for the Pacific
Coast.

Key considerations in the development of a new format for the Pacific Coast guidelines include a few key
challenges that may be unique to the Pacific Coast or that may not have been fully developed in the
existing guidelines. These include the need to specifically account for potential alternative methods for
determining the 1& annual chance flood elevation where 1% stillwater elevations do not necessarily
coincide with 1% wave conditions. This issue is particularly important on the Pacific Coast, where this
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determination is not driven by a single type of event (i.e., hurricanes). In addition, the Pacific Coast
guidelines should explicitly account for major differences in physiographic settings and wave climates
(e.g., open coast and sheltered waters) considering the differences in the analysie required and the
importance of sheltered waters in terms of population centers. The format also should account for the
potential advantages of accomplishing some portions of coastal studies at a regional scale, such as wave
characteristics analysis, wave transformation, and tsunami studies. Specific recommendations based on
the review of the existing guidelines are described briefly below.

The existing guidelines incorporate many references to avoid excessive length. The applicability of
specific references for the Pacific Coast should be clarified, updated, and connected to specific situations
in coastal flood studies. The existing General Guidance lists 32 publications as references covering a
variety of subjects, including 10 references on wave height and runup analysis. The list is not categorized
by geographic area, geomorphic setting, or type of analysis. A more structured system for referencing
specific methods outside of the guidelines is needed.

The study documentation section (Section D1.2) in the existing guidelines is fairly general and is
separated from the specific guidance for major geographic areas. It may be preferable to reorganize the
Pacific Coast document to show study documentation requirements near the end or in specific technical
sections with specifics on the types of information required for specific situations. The study
documentation required should be more specific and clearer.

The Pacific Coast guidelines could benefit from improved flowcharts to illustrate the FIS analysis
process, including key decision points. The existing section on study organization and overview includes
a flowchart (Figure D-1). Some of the steps that may require computations are not represented in the
flowchart (e.g., storm meteorology, stillwater elevations, ocean wave characteristics), although they are
discussed later in the text. Some of these are shown as “data requirements.” Figure D-1 shows the
overall process, and more detailed flowcharts are used to show specific analyses (e.g., Figure D-4 for
erosion assessment), but this structure could be expanded and improved. The flowcharts have little
relationship to geomorphic settings, but a table is included showing model types for specific settings. The
use of geomorphic settings to characterize the types of analysis that are required and the submittal
requirements based on geomorphic settings could clarify the study process and review requirements.

Some processes are not treated comprehensively in the existing guidelines, such as storm meteorology
and stillwater elevations, in part because of their regional scale and the need for specialized expertise and
resources outside the scope of typical coastal studies. Similarly, the Pacific Coast guidelines must
address potential regional studies and their use in local studies.

Specific guidance is not included in the existing guidelines for sheltered waters or for areas subject to
combined coastal and riverine flood hazards. These are common geomorphic settings on the Pacific
Coast, and should be addressed more specifically.

The existing guidelines are generally organized in the order in which a study is completed, but this
approach could be improved, and the relationships between types of analyses (e.g., wave setup and runup
and overtopping) should be clarified. Key definitions and a glossary should be included. This may be
best done in one or more locations in the document to provide definitions relevant to specific technical
analyses in a convenient manner. Examples are included in the existing guidelines for hazard zone
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mapping. Their use is recommended for the Pacific Coast as well, possibly organized by geomorphic
setting.

The following list identifies the key recommendations for the structure and format of new Pacific Coast
guidelines:

g

[z

i

Clarify the purpose and organization at the beginning of the document.

@ Clearly illustrate the study process with a series of flowcharts, including key decision criteria, and
the interrelationships between analyses.
@ Define the procedures for selected alternative approaches for determining the 1% annual chance

flood elevation, including the connection between different elements of the study analysis using
these approaches.

@ Indicate analyses that may best be accomplished at regional scale and the information to be derived
and used in local studies.

@ Provide guidance on procedures and data applicable to specific geomorphic settings, including a
specific section on sheltered waters and guidance on combined coastal/riverine flood hazards.

@, Provide definitions and key examples.

Provide improved guidance on study documentation more directly related to the types of analyses
and settings included in the study.

4.3 OPEN COAST AND SHELTERED WATER SETTINGS

"Sheltered Waters” are water bodies with shorelines that are not subjected to the direct action of
undiminished ocean winds and waves. Sheltered Water areas are exposed to similar flood-causing
processes as those found along open coastlines, such as high winds, wave setup, runup, and overtopping.
Present FEMA G&S adequately cover many of the general coastal flood assessment procedures needed to
complete flood hazard assessments in Sheltered Waters. However, some aspects of sheltered water flood
hazards can not be addressed by the current FEMA Guidelines. For example, wind-generated waves are
highly dependent on the shape and orientation of the surrounding terrain to prevailing wind directions.
Wave generation and transformation in sheltered waters are usually limited by their open water fetch
distance, complex bathymetry and often the presence of in-bay and shoreline coastal structures. These
sheltering effects reduce wave energy and flood potential compared to open coast areas.

Other processes, including the effects of terrestrial runoff which modify local tidal and surge hydrology
and relatively strong in-bay currents often combine to create tidal and hydrodynamic conditions only
found in sheltered waters areas. Bays and estuaries often display significant spatial variability in tidal
hydrology. For example, south San Francisco Bay often has a standing tide with nearly twice the tide
range of central Bay and an elevated mean tide and high water elevation compared to the open coast. By
contrast, north San Francisco Bay, which extends into the Sacramento-San Joaquin Delta area, displays a
different, progressively muted tidal range that is affected significantly by local winds and river runoff.
Oceanic storm surge can be modified in estuaries and it is not clear whether storm surge is uniformly
additive to local tidal datums throughout an estuary, or whether storm surge is amplified or muted within
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an estuary, or within a given region in a large estuary. On the Pacific Coast similar questions arise during
El Nifio events regarding how elevated oceanic conditions may or may not affect sheltered water tidal
elevations. Wave-cast debris from extreme wave runup and overtopping can be especially problematic,
owing to the proximity to sources of such materials in many estuaries. These unique sheltered water flood
hazards are not adequately addressed in current FEMA Guidelines.

4.4  DEFINE THE 1% ANNUAL CHANCE FLOOD HAZARD (TWO APPROACHES)

The NFIP regulations (44 CFR 59.1) define base flood as “the flood having a one percent chance of being
equaled or exceeded in any given year.” The regulations do not define base flood elevation, but the
meaning seems clear: the flood elevation with a one percent chance of being equaled or exceeded in any
given year. Calculating this elevation in coastal areas may be difficult, however, because flood elevation
is the net result of several processes (e.g., astronomical tide, storm surge, wave setup, infragravity
motions, wave heights, event-based erosion, wave runup), some of which are independent and some of
which are related.

4.4.1 Two Basic Approaches: Response (Statistical) and Event Selection (Deterministic)

The FEMA G&S was drafted initially with a primary focus on open coast Atlantic and Gulf of Mexico
flooding, which had the result of reducing the 1% annual chance flood elevation determination to
computation of a 1% annual chance stillwater elevation and concurrent wave conditions which typically
depend on water depth during the event. (Hurricane and extreme northeaster storm surges are large and
may inundate low-lying coastal areas. Wave heights in the inundated areas become depth limited.) The
procedure for the Atlantic and Gulf Coasts can be thought of as Response or Statistical, because a large
number of storms of varying characteristics are simulated and the 1% annual-chance stillwater elevation
is determined from the computed response. The added wave component is also computed by Response
Method because the response based waves collapse to a maximum depth limited breaking condition.

The Event Selection method was used in the Great Lakes (Dewberry & Davis, 1991), where the 1%
annual chance event was considered to be the 1% annual chance stillwater elevation and the 3-year wave
height (or, in the case of Lake Ontario, the half-year wave height). Modified event-based erosion, wave
height, and runup procedures were developed by FEMA (2003) for use with the defined 1% event.

Specific guidance for determining the 1% annual chance flood elevation along the Pacific Coast has not
been developed. However, a variety of technigques have been used over the years, including a modified
event selection method for the Sandy Point (Whatcom County), Washington, Flood Insurance Study
(PWA, 2002). The PWA procedure defined three distinct water level and wave condition combinations
(events), each with a 1% annual probability of occurrence (Figure 1). Wave runup was calculated using
each event, and the event yielding the highest runup was used as the basis for flood hazard mapping.

Other procedures employed in Pacific Coast flood mapping can be collectively referred to as a
response or statistical method. In this method, many combinations of water level and wave
height conditions are used as input to wave models, a wave runup-frequency relationship is
constructed from the model results, and the 1% annual chance runup elevation is identified from
the relationship. Unlike the event selection method, no attempt is made to identify a 1% event;
instead, the response of the system dictates the 1% flood elevation.
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Figure 3. Multiple water level-wave height combinations (1% events).

The details of the statistical procedures may vary (e.g., joint probability, coincident time series, Monte
Carlo), but each will result in an elevation-frequency distribution from which the 1% elevation is
determined (Figure 4). Pacific Coast studies using the response method include the Tetra Tech Southern
California Study (1982), and the Ott Water Engineers Northern California Flood Study (1984). More
recent reports (1994-2002) detailing the response method have been prepared by the Hydraulic Research
Station at Wallingford, and the University of Lancaster, U.K.

Runup Elevation

1.0 0.1 0.01 0.001

Return Frequency
Figure 4. Runup elevation vs. return frequency.

4.4.2 Implications of Each Method for FEMA Flood Hazard Mapping

For most of the Pacific open coast and of sheltered shorelines on any coast, the event selection method
may not be the most appropriate method for two reasons: (1) event specification may be difficult and is
not unique (there will not necessarily be a direct correspondence between the 1% annual chance water
level and wave conditions), and (2) wave runup will determine the flood elevation for most shorelines,
and the maximum wave runup may not necessarily result from the highest water level or the largest
waves.

Thus, the response method, although more complicated and time consuming, may Yyield better results for
most Pacific and sheltered coasts. One disadvantage of this method is that revisions to FIRMs will be
more difficult to propose and review without a clear specification of events to model. It may be possible
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to overcome this difficulty (e.g., by working backward from the calculated 1% annual chance runup
elevation to one or more water level-wave condition combinations), but this remains to be seen.

4.4.3 Alternatives
Three alternatives are proposed for further study and comparison:

@ event selection method (with one or more selected 1% annual chance events),
& response method (using a variety of statistical procedures), and
@ hybrid approach (using both methods).

Of these, the hybrid approach requires further elaboration. Such an approach could involve limited use of
the response method in a study region—to gain an understanding of the dominant processes/combinations
that control the 1% annual chance flood elevation—and concurrent use of the event selection method
based on those 1% combinations. In effect, limited use of the response method will help to guide,
“calibrate,” and extend the applicability of the simpler event selection method.

4.4.4 Proposed Studies for Phase 2

Two study areas are proposed for development, testing, and comparison of the alternative methods listed
above: Imperial Beach, California, and Sandy Point, Washington. The latter is a sheltered shoreline
where the event selection method has been applied already, but where a 29-year time series of water
levels and winds, from which waves can be hindcast, are available for use with the response method and
hybrid approach. The former is an open coast shoreline where wave and water level statistics have been
compiled and the response method has been applied but where the event selection and hybrid approaches
can be applied.

4.5 SUMMARY BY TOPIC AREA

45.1 Introduction to Technical Category Summaries

The brief subsections that follow provide concise summaries of Focused Study results in the 11 technical
categories for the Pacific Coast. The summaries include a brief description of the topics and key issues
and a set of recommendations for the Pacific Coast. The recommendations are split into recommended
Phase 2 work and recommended future development. The work shown for Phase 2 will produce a set of
guidelines specifically for the Pacific Coast and facilitate new and updated coastal flood insurance studies
for map modernization.

The work in Phase 2 does not include all the recommended Critical, Important, Available, or Helpful
topics. Recommended future development would further improve and expand the guidelines. Future
development work is not funded at this time, but these recommendations serve as a reference for planning
future FEMA technical guidance work. The following summaries are the direct result of the appended
Focused Studies, which include additional discussions, information, and references on the topics.
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STORM METEOROLOGY

Topics and Key Issues

This category covers not only storm meteorology, but also a number of flood frequency issues. Among
these are two general methods to determine the 1% annual chance level of some coastal process,
characterized as the Event Selection method and the Response-Based method. These terms refer to the
manner in which the 1% annual chance coastal flood level is determined. In the Event Selection method, a
single 1% offshore storm or wave event is selected with the assumption that if the effects of this single
event are followed all the way to the shoreline, they will approximate the true 1% runup. This is a form of
the “design storm” concept in the Response-Based method, all significant events are routed from offshore
to their runup limits, and only then is the 1% annual chance level determined, based on the entire set of
response calculations. The same general approaches apply to processes other than runup. This question is
particularly important for the Pacific Coast, where wave effects may be associated with storms at great
distance from the coast instead of only with local weather conditions.

There is little guidance in the current G&S that is directly transferable to the Pacific Coast regarding event
of response methods. For the combination of astronomical tide and storm surge, the study contractor is
required to “Describe the method by which the tidal elevation data are convolved with the surge data
including tidal constants and tidal records”. There is no guidance regarding the combined probability of
separate processes such as storm surge and rainfall runoff in a tidal river, and there are no guidelines
specifically for the Pacific Coast.

The following Storm Meteorology topic was identified by the TWG:
Critical — Topic 51, Combined Probability.
Key issues are:

@ The basic flooding mechanism for the Pacific Coast is the combination of waves and high water,
where high water is the sum of astronomical tide, storm surge, El Nifio, and the static component of
wave setup. On the Pacific Coast, the critical combination of these processes is not necessarily
associated with a single defined storm type, such as hurricanes is on the Atlantic and Gulf coasts.

@ A key issue is whether an Event Selection or a Response-Based method should be applied. The
former associates one particular offshore storm or wave event one-to-one with the coastal parameter
of interest. The latter considers the effects of a range of offshore conditions, propagating each to the
shore, and determining the statistics of the computed responses at the shoreline.

@ Candidate methodologies are available for both Event Selection and Response-Based studies
including, for example, methods used in the PWA Sandy Point Study and the Tetra Tech Southern
California study, as well as the HR Wallingford JOIN-SEA method. These methods require testing
before more general guidelines can be written for the Pacific Coast.

@ The performance and relative merits of these approaches may differ between open coast sites and
sheltered waters. Consequently, it is recommended that case studies be performed in both types of
environments to investigate strengths and weaknesses of alternative methods.
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@ Storm surge, while small on the Pacific Coast, may be addressed by both tide gage analyses and
simplified one-dimensional modeling. Appropriate frequency methods will be required to implement
the latter, possibly based on Joint Probability Methods (JPM), Empirical Simulation Technigues
(EST), or Monte Carlo simulations.

f&

Tidal rivers subject to riverine flooding are also subject to coastal flooding, which may be entirely
independent, or partly correlated. Guidance should be developed to establish the manner in which
these processes are integrated in the final mapping (also see Topic 19 of the Hazard Zones Focused
Study).

@  The astronomical tide often makes a significant contribution to the total stillwater level. Methods to
determine the combination of tide and tsunamis, and tide and surge should be established.

Recommended Approach

The recommended approach to these issues includes both the development and verification of methods
based partly on the findings of case studies, and the preparation of new guidelines.

Currently available methods include the JPM, EST, and Monte Carlo for storm surge statistics; numerous
runup models and methods; and methods for tide and surge combination. The principal problem of the
combination of waves and high water has been treated in past studies by PWA and Tetra Tech, and is the
subject of the HR Wallingford JOIN-SEA method.

Recommended Approach (Critical Topics)

@ Discuss and define methods to determine the 1% annual chance coastal flood level, including
consideration of Event Selection and Response-Based methods.

@ Document specific methods such as those used in past PWA and Tetra Tech studies, and in the HR
Wallingford JOIN-SEA method.

Perform an Open Coast case study using selected alternative approaches.
Perform a Sheltered Water case study using selected alternative approaches.
Based on the above, write draft guidelines on these issues appropriate for Pacific Coast studies.

Develop guidance for frequency analysis methods for use with Pacific storm surge modeling.

B B @ @ @

Develop appropriate methods for the combination of riverine and coastal flood estimates in tidal
waters subject to both.

@ Develop guidance for the combination of tsunamis and tides.

Tasks associated with Topics defined by the TWG to be Critical were considered for completion in Phase
2. However, time and budget constraints in Phase 2 do not allow comprehensive treatment of all the
Critical subtopics. The table below summarizes the tasks selected for completion in Phase 2, and those
deferred for future consideration by FEMA.
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Table 3
Storm Meteorology Recommendations — Pacific Coast
Topic . . .
Number Topic/Subtopic Timing Recommended Approach
51 General Methods | Phase 2 | Define Event Selection and Response-Based methods for both open
to Determine 1% coast and sheltered waters

Coastal Levels

51 Define Specific Phase 2 | Document specific methods including, for example, the PWA Sandy

Methods, Tools, Point approach, the HR Wallingford JOIN-SEA method, and the
and Data FEMA/Tetra Tech 1982 approach.
Guidelines for
1% Analysis

51 Open Coast Case | Phase 2 | Perform a case study comparing selected methods at a specific open
Study coast site, preferably one for which prior data is available

Future Perform a case study with Monte Carlo Method (Wallingford) using
multiple variables. The study will take into account wave related
variables of swell (height, period and direction) and sea (height) as well
as the still water elevation for the open coast.

51 Sheltered Water | Phase 2 | Perform a case study comparing methods at a specific sheltered water

Case Study site, preferably one for which prior data is available. Monte Carlo
Methods will be applied for Sheltered Water.

51 Storm Surge Future Test and recommend methods to associate frequency with storm surge
Modeling for Pacific Coast surge modeling; recommend appropriate data sources
Frequency
Analysis

51 Surge/Riverine Future Prepare recommendations for the statistical combination of surge and a
Combination riverine runoff profile, with consideration of non-independence of the

processes; See also Topic 19 of the Hazard Mapping Focused Study for
simple mapping suggestions

51 Tsunamis and Future Develop guidelines for the combination of tsunamis and tide, including a
Tide worked hypothetical example
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STILLWATER

Topics and Key Issues

The following Stillwater topics were identified by the TWG:

Critical — Topics 54 and 55, Surge vs. Wave Height (Pacific Coast Surge Modeling)
Available — Topic 52, Non-Stationary Processes

Key issues are:

]

g

Storm surge estimates can be based on an analysis of tide gage data in some regions. This is
especially important on the Pacific Coast where storm surge may typically be on the order of only a
foot or two, compared with levels of more than 10 feet common on the Atlantic and Gulf Coasts.
Consequently, tide gage analysis may be adequate for Pacific Coast stillwater determination
wherever gage data are available.

fi

The G&S do not include any significant discussion of appropriate methods for tide gage analyses.

The G&S provide little guidance on the considerations which must go into a storm surge modeling
effort, beyond the assumptions implicit in the use of the FEMA storm surge model.

@ A simplified 1-D surge model for the Pacific would be a valuable tool. A suitable prototype for such
a model is the one used by the Florida Department of Environmental Protection for Florida coastal
construction jurisdiction delineation. Such a model is likely to be of sufficient accuracy for
estimation of the small Pacific Coast surge levels, and could be applied in areas for which tide gage
data is lacking.

&  The G&S provide little guidance on the matter of non-stationary processes, and how they might
affect both the determination of stillwater levels, and the interpretation of historical data used in a
FIS.

@ The primary non-stationary processes of concern are the relative change of sea level (sea level rise
and/or land subsidence), and localized land subsidence associated, for example, with oil and water
extraction or tectonic adjustment.

@ Owing to improvements in computer technology, future storm surge modeling efforts can be
expanded to a regional scope, providing greater uniformity and accuracy in the surge determinations
at reduced cost. While this is true for the Pacific Coast, it is particularly pertinent to the Atlantic and
Gulf Coasts.

Recommended Approach

The recommended approach for addressing these issues includes both the development and verification of
analytical and modeling methods (tide gage analysis and development of a 1-D surge model), as well as
general revision of the G&S to provide greater insight for study contractors into the requirements of
coastal modeling and data interpretation. Information is available for development of guidance on non-
stationary processes, and for development of general storm surge modeling guidance.
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Recommended Approach (Critical and Available Topics)

@ Provide guidance regarding methods for determining storm surge based on tide gage data.

f&

f@

@

fi)

Y. Identify data sources for sea level rise, land subsidence, and tides.
Implement a simplified 1-D storm surge model and prepare guidelines for its use.
Write general guidelines for Pacific storm surge modeling.

Write guidelines on how to consider non-stationary processes in a coastal FIS.

Tasks associated with Topics defined by the TWG to be Critical or Available were considered for
completion in Phase 2. However, time and budget constraints in Phase 2 do not allow comprehensive
treatment of all the Critical and Available topics. The table below summarizes the tasks selected for
completion in Phase 2, and those deferred for future consideration by FEMA.

Table 4
Stillwater Recommendations — Pacific Coast
Topic . . .
Number Topic/Subtopic Timing Recommended Approach
55 Tide Gage Phase 2 | Select and test methods to extract surge estimates from tide gage data in
Analysis multiple settings.
54 Tide Gage Phase 2 | Document procedures for tide gage frequency analysis.
Analysis
Guidelines
54 General Phase 2 | Based on the existing literature, describe the use of surge models and the
Considerations factors which require consideration in performing a study.
for Surge
Modeling
54 Simplified Storm | Phase 2 | Develop a 1-D (bathystrophic) surge model based on the Florida
Surge Model Department of Environmental Protection methodology. Although
primarily for Pacific Coast applications, the model may also be useful as
an auxiliary tool for the Atlantic and Gulf Coasts.
Future | Perform testing and example studies of the 1-D surge model and provide
expanded Users Manual based on test results.
52 Non-Stationary Phase 2 | Write general guidelines for the consideration of non-stationary
Processes processes (for example, relative sea level rise, land subsidence),
including identification of major data sources. Include guidance on
interpretation of historical data. Suggest documentation of projected
map impact.

45
B S —— e N
FEMA COASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES




FEMA INTERNAL REVIEW
NOT FOR DISTRIBUTION

RECOMMENDATIONS — PACIFIC COAST
PHASE 1 SUMMARY REPORT STORM WAVE CHARACTERISTICS

—

STORM WAVE CHARACTERISTICS

Topics and Key Issues

The following Storm Wave Characteristics topics were identified by the TWG:

Critical — Topics 4 and 5, Swell and Seas.
Available — Topic 1, Wave Definitions.

Key issues are:

@  Sources of wave data, need to be identified.

& Two candidate models, until the updated WIS is ready for use, are the Oceanweather Global Re-
analysis of Ocean Waves (GROW) model and Fleet Numerical Meteorology and Oceanography
Center WAVEWATCH 111 model.

@ Low frequency swell propagation can be accurately modeled from buoy or hindcast sites outside the
islands into shore in the Southern California Bight. But an approach is needed to resolve the impact
of local seas on the high frequency portion of the spectrum.

@ Current G&S refers to the Shore Protection Manual (SPM; USACE, 1984) and Automated Coastal
Engineering System (ACES; USACE). Update the G&S to be consistent with the Coastal
Engineering Manual (CEM; USACE, 2003).

& The CEM method is This is a significant deviation from the SPM. Evaluation of CEM Procedures is
needed before including CEM procedure in the G&S.

Include in the G&S other Empirical Prediction Methods such as the Composite Fetch Method.

Spectral Energy Models (SEMs) such as SWAN, STWAVE and MIKE OSW, are available. But,
SWAN and STWAVE are not included in the FEMA Approved Numerical Models List.

@ Comparisons of Empirical Prediction methods and SEMs are needed to continue using Empirical
Prediction Methods and for introducing SEMs.

& Definitions are needed in the G&S of wave types (sea, swell, and tsunami) in both the time domain
and the frequency domain. Two available resources are the CEM and the “List of Sea State
Parameters” published by the International Association of Hydraulic Research.

@  Specific guidance is needed on how the wave related terms relate to the coastal processes associated
with flood studies, methodologies, and models.

Recommended Approach

Storm Wave Characteristics topics were classified by the project team as Critical and Available. The
recommended approach involves revision to the G&S using available references and information, and
detailed investigations of wave databases and a case study. Topic 5 (Nearshore Representation of Local

46
u\/\\/—\\/\ .
FEMA CoASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FEMA INTERNAL REVIEW
NOT FOR DISTRIBUTION

RECOMMENDATIONS — PACIFIC COAST
STORM WAVE CHARACTERISTICS PHASE 1 SUMMARY REPORT

—————————— . —————

Sea for Southern California Bight) is a critical topic, but it is not studied under Phase 2 to accommodate
other critical topics from other Focused Studies within the limited resources. Also, this topic can be
studied together with regional wave transformation modeling for the Southern California Bight.

Recommended Approach (Critical and Available Topics)

@ Recommend use of GROW database for sea and swell. Study the GROW database for one location.
Confirm lack of bias and validate data with measured records. Check whether the dataset properly
represented extreme events.

@ Develop G&S for preparation of input data for wave transformation models based on GROW
directional spectra.

@ Describe the WIS Pacific Coast Database Development and guidance for use in flood insurance
studies.

@ Conduct a study of the available nearshore data for Southern California Bight to assess whether
inclusion of the local wind will make a significant change in the high frequency part of the spectrum.

@ Based on results from the study above, adopt one of the three alternatives: 1) assuming no change
in wind-induced change in the spectrum, or 2) attempt to model wind-induced changes, or 3) treat
changes to the wind wave portion of the spectrum as an independent variable and use joint
probability analysis techniques

@ Conduct a case study to compare results using CEM procedures to results using SPM procedures for
restricted fetch condition is recommended.

@ Conduct a Focused Study to compare results from the SEMs and traditional Parametric Models,
using restricted fetch methods. Application procedures for the SEMs would be clarified, specifically
wind field definition.

@ Incorporate and refine the "Glossary of Coastal Terminology" directly from the USACE CEM and
from the listings of notations and parameters in the January 1986 publication from the International
Association for Hydraulic Research titled, "List of Sea State Parameters.”

@ Provide specific guidance on use of wave related definitions for physical processes applicable to
coastal flood studies

Tasks associated with Topics defined by the TWG to be Critical or Available were considered for
completion in Phase 2. However, time and budget constraints in Phase 2 do not allow comprehensive
treatment of all the Critical and Available topics. The table below summarizes the tasks selected for
completion in Phase 2, and those deferred for future consideration by FEMA.
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Storm Wave Characteristics Recommendations — Pacific Coast
Topic . . -
Number Topic/Subtopic Timing Recommended Approach

4,5 Sea and Swell Phase 2 | Review GROW dataset for one location. Check whether the dataset

for Pacific Coast represents extreme events adequately. Confirm lack of bias in the
database. Develop G&S on use of GROW and steps for developing input
data to wave transformation models. Describe the WIS database
development and potential use in coastal flood insurance studies.

4,5 Nearshore Future Conduct a study of the available nearshore data for Southern California
Representation Bight to assess whether inclusion of the local wind makes a significant
of Local Sea for change in the high frequency part of the spectrum. Based on the results
Southern of the above study, adopt one of the three alternatives: a) assuming no
California Bight change in wind-induced change in the spectrum, or b) attempt to model

wind-induced changes, or c) treat changes to the wind wave portion of
the spectrum as an independent variable and use joint probability
analysis techniques

4,5 Wave Phase 2 | Compare CEM and SPM procedures using a case study (an existing FIS
Generation in site) and clarify application of CEM in FEMA studies. Perform a case
Sheltered Waters study to compare SEMs and traditional parametric models using

restricted fetch methods.

4,5 Wave Future | Develop application procedure for SEMs including wind field definition
Generation in based on detailed testing.

Sheltered Waters
1 Wave Phase 2 | Using the compiled glossary of terms and notations (from CHL and
Definitions IAHR sources), correlate each of key terms with the coastal
methodologies and application. Prepare for application for Pacific Coast
Guidelines
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WAVE TRANSFORMATION

Topics and Key Issues

Wave Transformations are important processes that change wave characteristics when waves propagate
toward shore. These are addressed as an intermediate step between forcing processes (wave generation)
and response processes (wave setup, wave runup, and overtopping) in coastal flood studies.

Wave Transformation receives input from forcing processes (wave generation) and provides output to
response processes (wave setup, runup, and overtopping). Coordination with the other Focused Study
categories is necessary.

The following Wave Transformation topics were identified by the TWG:

Critical — Topic 7, CDIP California; Topic 8, Overall Wave Transformations; Topic 9, Dissipation.
Helpful — Topic 10, WHAFIS.
Important — Portions of Topic 7, CDIP and Topic 9, Dissipation.

Key issues are:

@ Presently, the G&S do not include a description of wave transformations. The methods defined in the
current G&S, (depth limited waves) are biased toward the Atlantic and Gulf Coasts, and are
inadequate for the Pacific Coast.

@ Flood insurance studies for sites in the Pacific Coast Region have addressed wave transformations
with different levels of complexity. The G&S should address the selection of methods based on the
physical parameters that are encountered in the wave transformation process.

@ Wave transformation analysis is required to support wave setup calculations. In particular, methods
describing wave breaking and associated momentum transfer are needed.

@  Contemporary wave transformation models are available and necessary for use in future studies, but
are not currently recognized by FEMA.

@ The Coastal Data Information Program (CDIP) currently operates a regional model that hindcasts
nearshore waves along the California coast. The model transfer functions are already available to
transform deepwater wave spectra to nearshore spectra, but the windwave growth is not included in
this model.

@, Application of the CDIP wave transformation models in central and northern California is not
complete.

@ Wave dissipation due to bottom effects is not routinely considered in wave transformation processes.
Study contractors need guidance on when and where to apply bottom dissipation mechanisms. Some
guidance is available in the current G&S; but primarily addresses the Atlantic and Gulf Coasts.
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@ Overland wave propagation is common during extreme events in the Atlantic and Gulf Coasts, and

the WHAFIS 3.0 software, approved by FEMA, is typically used. Overland wave propagation can be
significant in some locations in the Pacific Region, but use of WHAFIS for Pacific Coast studies will
require modifications to the wind speeds specified based on Atlantic and Gulf Coast conditions.

Recommended Approach

The recommended approach focuses on development of a combination of regional and local wave
transformation tools. Considerable effort is required to implement these recommendations. Adequate
attention must be devoted to coordination with guidelines development for Storm Wave Characteristics,
Wave Setup, and Wave Runup.

Recommended Approach (Critical Topics)

@

@

Write G&S for Wave Transformations, based on a review of available literature and experience
gained by the application of models and methods.

Review available literature and guidance on the range of applicability of contemporary computer
models, recommend models for inclusion on the list of “Coastal Models Accepted by FEMA for
NFIP usage”, and provide guidance on their application to FEMA FISs.

Research available literature on wave groups, infra-gravity waves, and shallow water spectra for
input into wave setup and runup calculations.

Evaluate adequacy of linear wave transformation models and needs to supplement these models.
Place emphasis on representation of infragravity waves.

Use the CDIP regional wave models to create 2 sets of wave transformation coefficients in Southern
California: 1) for swell waves and 2) for local wind generated waves.

Demonstrate the CDIP model skill for predicting nearshore wave conditions during large winter
storms using existing buoy data (for the southern, central, and northern California coast).

Create database, provide user’s manual, and develop Fortran and MATLAB codes to assist
contractors in using the CDIP model coefficients.

Incorporate applicable sections of existing G&S for other geographical areas that cover the overland
propagation and wave energy dissipation topics.

Summarize available information on wave dissipation over marsh and mudflats in the Pacific.
Develop criteria to evaluate importance of wave dissipation. Evaluate if changes to WHAFIS
dissipation criteria are necessary.

Recommended Approach (Important or Helpful Topics)

2]

@

@

Apply CDIP regional wave transformation modeling for the California Coast.

Consider expanding regional wave modeling for Washington and Oregon coasts using CDIP or other
programs (e.g., WIS).

Evaluate any limitations due to the linearity of the transformation models.
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@ Research on wind wave and swell spectra combination.
&  Conduct field data collection for wave dissipation on Pacific Coast
@ Develop G&S for WHAFIS application for the Pacific Coast

Tasks associated with topics defined by the TWG to be Critical were considered for completion in Phase
2. However, time and budget constraints in Phase 2 do not allow comprehensive treatment of all the
Critical topics. Important topics cannot be completed within the time frame of the project. Topics
characterized as Helpful were also deferred for future consideration due to their lower priority. The table
below summarizes the tasks selected for completion in Phase 2, and those deferred for future
consideration by FEMA.
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Table 6
Wave Transformation Recommendations — Pacific Coast

Topic
Number

Topic/Subtopic

Timing

Recommended Approach

8

Wave
Transformation
with and without
Regional Models

Phase 2

Write G&S for Wave Transformations. Tasks: 1) conduct several
Focused Studies to inform the Wave Transformations G&S; 2) use
available publications to identify a range of methods;

3) develop criteria for level of analysis; 4) include development of
guidelines for spatial coverage and wave parameters, and include use of
regional models such as CDIP; 5) research available literature to
adequately define wave groups, infragravity waves, shallow water
spectra, etc. for input into wave setup and runup calculations;

6) review available literature and guidance on the range of applicability
of contemporary computer models, recommend models for inclusion on
the FEMA pre-approved coastal model list, and provide guidance on
their application to FEMA FISs; 7) incorporate applicable sections of
existing G&S for other geographical areas that cover the overland
propagation and wave energy dissipation topics. (Topics 9 &10)

Future

Evaluate wave transformation models using a selected data set.

California
Regional Wave
Transformation
Models

Phase 2

Provide CDIP Southern California validation examples and a test case
for testing other WT models;

Provide guidance and Users Manual on use of CDIP models and model
output such as existing model coefficients.

Future

Use CDIP model to create 2 sets of wave transformation coefficients
for southern California, 1) for swell waves and 2) for local wind waves;
Expand CDIP for the California Coast. Validate the models for central
and northern California; Create database, provide expanded user’s
manual, and develop Fortran and MATLAB codes to assist contractors
in using the CDIP model coefficients.

Consider expanding regional wave modeling for Washington and
Oregon coasts using CDIP or other programs (e.g., WIS) at the
appropriate time and depending on the need, recognizing that regional
wave models are more logical in densely populated areas. Individual
studies may be performed in sparsely located communities (see Topic
8).

Evaluate any limitations due to the linearity of the transformation
models.

Conduct research on wind wave and swell spectra combination.

Wave Energy
Dissipation over
Shallow Flat
Bottoms

Phase 2

Evaluate wave dissipation over marsh and mudflats in the Pacific Coast
from available information; Develop criteria to evaluate importance of
wave dissipation in FISs; Recommend changes to methods and
WHAFIS dissipation criteria to the extent feasible.

Future

Conduct field data collection to characterize wave dissipation over
marsh and mudflats and other shallow, dissipative shores in the Pacific;
provide expanded guidance for calculating wave dissipation.

10

Overland Wave
Propagation

Future

Evaluate if changes to WHAFIS dissipation criteria are necessary (see
Topic 9), and G&S modifications for Pacific Coast.
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WAVE SETUP

Topics and Key Issues

The following Wave Setup topics were identified by the TWG:

Critical — Topics 44 and 45, Define, Document, Compile Data; Topic 46, Interim Method.
Important — Topic 47, Develop Ideal Method-Coupled; Topic 48, Dynamic Wave Setup.

Key issues are:

]

g

Under the action of irregular waves, wave setup consists of a static component and a dynamic
component. Owing to the long waves that occur on the Pacific Coast, the latter can be quite
substantial.

fi

The setup on the Pacific Coast can be significantly larger than the wind and barometric components
during a 1% annual chance event owing, in part, to the narrow continental shelf. Thus, the dominant
components will be the astronomical tide and wave setup possibly augmented by an El Nifio
contribution.

@ Dynamic wave setup needs to be addressed. The Pacific Coast may have dynamic wave setup
conditions, and the current G&S for the Atlantic and Gulf Coasts are based on static.

@ Wave setup will require specification of directional wave spectra as input at an offshore location
seaward of wave breaking.

Wave setup is included, to some degree, in wave runup measurements and methods.

There are two approaches for calculating wave setup: 1) The Boussinesq models which, in principle,
can calculate both wave setup and wave runup, and 2) Coupling of more conventional engineering
approaches.

Recommended Approach

It is recommended that methodologies be developed and G&S written that address the following: 1)
steady and dynamic setup components, 2) irregular waves [implicit in (1) above], 3) characterization of
nearshore bathymetry, 4) a valid wave breaking model, 5) nonlinear and directional characteristics of Sy,
and 6) wave damping where appropriate. An effort should be made to ensure that the interim method
address as many of the physiographic settings applicable to the Pacific Coast as possible. A program will
be developed which will calculate wave setup using, as input, the wave spectra outside the breaking zone.

Recommended Approach (Critical Topics)

@ Prepare definitions applicable to Pacific Coast.

@  Based on an intercomparison of Boussinesq models and comparison with data sets, determine
whether this type model is appropriate for calculating wave setup and wave runup. If applicable to
setup, select one of several Boussinesq models for further application.
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@ Develop and document an engineering based approach for wave setup modeling along open coasts
and in sheltered waters based on methods and procedures available from past studies and literature
and for specific types of input data (e.g., wave spectra). Note: This task would be reduced if

Boussinesqg models are selected.

f&

Compile potential data sources for testing a new Pacific Coast setup model.

@ Develop breaking zone model with particular emphasis on wave setup, proof test, compare with data
sets, refine, and write User’s Manual. Note: The first portion of this task would be reduced if

Boussinesq models are selected.

Recommended Future Development (Important Topics)
& Develop Ideal Methodology coupling storm surge and wave models to calculate static wave setup.

@ Develop procedure for dynamic wave setup

Tasks associated with Topics defined by the TWG to be Critical were considered for completion in Phase
2. However, time and budget constraints in Phase 2 do not allow comprehensive treatment of all the
Critical topics. Important topics cannot be completed within the time frame of the project. The table
below summarizes the tasks selected for completion in Phase 2, and those deferred for future
consideration by FEMA.
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Wave Setup Recommendations — Pacific Coast
Topic . . .
Number Topic/Subtopic Timing Recommended Approach
44, 45 Pacific Coast Phase 2 | Develop wave setup definitions with emphasis on Pacific Coast
Definitions applications.
46 Evaluate Phase 2 | Intercompare at least three Boussinesq models and compare with data.
Boussinesq
Models
46 Develop Phase 2 | Couple accepted engineering models for calculating wave setup across
Engineering surf zone. Include procedure for dynamic wave setup.
Based Approach
44,45 | Compile Data for | Phase 2 | Locate as much quality field data as possible for testing of
Testing developed/selected approach(es).
44, 45 | Compile Data for | Future Locate and compile comprehensive national and international data
Testing sources for testing a new Pacific Coast setup model
46 Develop Breaking | Phase 2 | Evaluate candidate breaking zone models that allow specification of
Zone Model non planar profile.
46 Develop Draft Phase 2 | Incorporate findings from above into draft Guidelines and
Guidelines and Specifications.
Specifications
46 Develop Interim Future Test Model over a wide range of settings and develop and expand
Method User’s Manual based on test results.
47 Ideal Model for Future Couple wave generation and wave setup model, allowing specification
Static Wave Setup of arbitrary tide.
48 Develop Model Future Develop method based on directional and nonlinear spectrum as input.
for Dynamic
Wave Setup
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WAVE RUNUP AND OVERTOPPING

Topics and Key Issues

The following Wave Runup and Overtopping topics were identified by the TWG (Note that some of the
workshop-assigned priorities and topic details were revised during the Focused Study):

Critical — Topic 12, Mean vs. higher value; Topic 11, Methods and models.
Important — Topic 14, Wavecast debris.
Available — Topic 49, WRUP™: Topic 13 Overtopping volumes.

Key issues are:

@ Wave runup and overtopping will control BFEs and flood hazard zones along much of the Pacific
Coast, where storm surges are low and where WHAFIS-type analyses yield low wave crest
elevations. Wave runup analyses must be undertaken along those shore types analyzed for runup
along the Atlantic and Gulf Coasts, plus low-profile beaches and barriers.

@ Extreme runup levels tend to occur during El Nifio events along the entire Pacific Coast (and
possibly during hurricane events for southern California). Infragravity motions are more common
and more significant on the Pacific Coast than the Atlantic or Gulf Coasts.

@ Runup methodologies need to be tested against Pacific data sets that include EI Nifio events and
infragravity waves. Wave setup may be calculated separately or included in wave runup estimates,
but must be considered.

Mapping the mean runup value may fail to adequately capture wave runup hazards.

Mapping hazard zones with the mean overtopping rate should be sufficient, provided the thresholds
for mapping hazard zones recognize the rates tolerated by buildings and structures.

Recommended Approach

The recommended approach involves a detailed evaluation and testing of available wave runup and
overtopping methods and models, using Pacific Coast data sets, in conjunction with testing during other
studies, particularly case studies in the Storm Meteorology Group.

Recommended Approach (Critical and Available Topics)

@  Evaluation of CDIP-type and Oregon-type methods as interim methods for use until more detailed
runup testing and runup calculation procedures are developed.

@ Limited testing of the RUNUP 2.0 methodology in conjunction with storm meteorology, wave
transformation and wave setup tasks.

@ Evaluation of Pacific Coast wave runup data, including consideration of wave runup elevation
distributions and associated structural damages. The Rsgg, runup value will be evaluated with regard
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to its ability to capture damaging wave runups. If appropriate, an alternate Ryo, value will be
recommended and an interim procedure will be developed to adjust RUNUP 2.0 results.

f

More comprehensive testing of wave runup methods and models is recommended, along with the
identification of appropriate runup calculation procedures for a wide variety of shore types, profile
characteristics, and incident water level and wave conditions.

f

@

Evaluate WRUP™ and compare with other models.

]

[z

Overtopping methods and data will be evaluated to determine whether NFIP thresholds for mapping
landward flood hazard zones are consistent with recent literature on “acceptable” overtopping
guantities.

fi

(@ Update procedures for calculating overtopping and ponding on low bluffs, with gently sloping or
adverse slopes.

Recommended Approach (Important Topics)

Review and refine methods for defining flood hazards from wave-cast debris. This task will be
undertaken in the hazard zone study.

Tasks associated with Topics defined by the TWG to be Critical or Available were considered for
completion in Phase 2. The Important Topic (Topic 14, wavecast debris) will be completed with the
Hazard Zone Study within the time frame of the project. Time and budget constraints in Phase 2 do not
allow comprehensive treatment of all the Critical and Available topics. The table below summarizes the
tasks selected for completion in Phase 2, and those deferred for future consideration by FEMA.
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Table 8
Wave Runup and Overtopping Recommendations — Pacific Coast

Topic . . -

Number Topic/Subtopic Timing Recommended Approach

Topic Runup on Beaches | Phase 2 | Revise guidance to call for runup analyses for sandy beach, small dune

number | and Low Barriers shore type

not

assigned

12 Evaluate Use of Phase 2 | Evaluate use of Rsq9, and select alternate R,o, value (probably between

Mean Runup Value Ra330, and Rygg) if Rsge, Understates observed hazard.
Develop an Interim procedure to adjust RUNUP2.0.output.

12 Evaluate Use of Future | Review runup distributions for beaches and structures during El Nifio,
Mean Runup Value coastal storm and hurricane conditions; review runup damages.

11 Wave Setup Phase 2 | Current FEMA methodology includes the wave setup component in
Component the calculated runup height. This procedure should be revisited for its

appropriateness along the Pacific, and depending on recommended
Pacific methodology (coordinate with Wave Setup study)

11 Infragravity Future Consider effects of infragravity motions, which amplify runup and
Motions overtopping, and can be substantial along the Pacific Coast

11 Wave Setup Phase 2 | Current FEMA methodology includes the wave setup component in
Component the calculated runup height. This procedure should be revisited for its

appropriateness along the Pacific, and depending on recommended
Pacific methodology (coordinate with Wave Setup study)

11 Conduct Phase 2 | Evaluate CDIP-type and Oregon-type methods as interim approaches.
Comparative and Coordinate with case studies in Storm Meteorology, Wave
Sensitivity Testing Transformation studies.
of Runup Models Test runup methods and models in conjunction with other tests (use
and Methods common data sets to test wave generation through stillwater level and

runup).

11,49 | Conduct Future | ldentify appropriate runup methods and models by location,

Comparative and morphology and hydraulic conditions.

Sensitivity Testing Compare results using simple methods versus numerical models,
of Runup Models deterministic (event selection) versus statistical approaches.

and Methods Write Guidelines on input conditions uncertainty.

13,14 | Overtopping Rates | Phase 2 | \aintain use of mean overtopping rate (cfs/ft, moim¥s per m)
Determine damaging overtopping rates for buildings and evaluate
current FEMA hazard zone thresholds.

Evaluate FEMA’s guidance which limits the runup elevation to 3 feet
above a barrier’s crest elevation
Coordinate with Hazard Zone study.

13 Overtopping Rates Future | Overtopping at low profile beaches and barriers, dune remnants,
revetments, and vertical walls should be evaluated, including
consideration for calculating overtopping and ponding on low bluffs
with gently sloping, flat or adverse slopes.
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EVENT - BASED EROSION

Topics and Key Issues
The following Event - Based Erosion (EBE) topics were identified by the TWG:

Critical — Topic 30, Geometric Techniques; Topic 33, Cobble/Shingle Effects; Topic 35, Erosion in
Sheltered Waters.

Available — Topic 31, Bluff Erosion; Topic 32, Geometric Methods for Bluff Erosion; Topic 41, Long-
term Erosion; Topics 42 and 43, Nourished Beaches.

Important — Topic 34, Geometric Methods for Cobble/Shingle Beaches; Topic 36, Geometric Methods
for Sheltered Waters; Topic 38, Process-Based Methods.

Helpful — Topic 40, Document vertical erosion depths.

Key issues are:

(@ Guidance for evaluating EBE remains unchanged since 1989 and focuses primarily on effects of
extreme storms (hurricane or northeasters) along the Atlantic and Gulf Coasts, with a modified
approach for the Great Lakes Coasts. Coastal erosion processes and storm characteristics found on
the Pacific Coast differ dramatically from those along the Atlantic, Gulf, or Great Lakes.

@ FEMA G&S can be improved by expanding or adding discussions on potential effects of EBE on
runup and base flood elevation.

@  The eroded beach profile that exists during the base event is needed in order to calculate the 1%
annual chance flood elevation.

@ Improved EBE G&S and new G&S need to embody the same fundamental structure that includes: 1)
physiographic and geomorphic setting, 2) sediment characteristics across the active profile, 3) time
histories of wave and storm tide characteristics, and 4) local or regional oceanic (El Nifio) or
topographic (recent tectonic adjustments) characteristics that may affect the study area.
Consideration of this common structure will ensure that EBE assessments will be consistent for all
applications.

Guidance for evaluating erosion of cobble/shingle beaches is needed.
Guidance for evaluating erosion of sandy and non-sandy bluffs and cliffs is needed.
Guidance for evaluating erosion within sheltered water areas is needed.

Present G&S provide no specific guidance on how to address beach nourishment projects.

@ @2 @ @ @

Present G&S can be improved by adding discussions of the seasonal effects of littoral as well as off-
shore and on-shore sand transport and how those processes may affect beach erosion and seasonal
changes in beach profiles that occur along the Pacific Coast
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L

Existing G&S can be improved by better defining “storm-induced erosion” or EBE, and different
approaches for assessing beach and back beach profile changes due to erosion on all coasts of the
U.S.

Process based numerical models (1-D and 2-D, steady and unsteady) may provide improved means
for assessing EBE. Evaluation of process-based models and comparison of their results with those
from geometric methods is recommended

Recommended Approach

Event Based Erosion topics were classified by the project team as Critical, Available, Important and
Helpful. Initially, the G&S should be updated using available references and information to address
topics presently covered in the G&S. New G&S for the Pacific Coast will include new information and
methods for assessing EBE in a variety of settings as discussed in the Focused Studies. New methods will
fall into three categories and levels of effort: 1) eroded profiles based on available historical mapping and
photographs, 2) profiles based on simplistic empirical methods, and 3) profiles developed from process-
based (steady and unsteady) models.

Recommended Approach (Critical and Available Topics)

@
@

Provide interim EBE G&S based primarily on historical beach profiles and field observations.

Develop guidance for determining a “Most Likely Winter Beach Profile” for different settings on
PC, including areas of beach nourishment.

Evaluate and test selected geometric methods for beach and dune erosion applications along the
Pacific Coast. Methods should include effects of storm duration and sediment erodibility. Document
results.

Provide discussion of bluff and cliff erosion in different settings to distinguish this type of erosion
hazard from other erosion processes; provide examples, figures, and definitions.

Develop interim approach for assessing bluff and cliff erosion in different settings based on
historical profile data.

Provide discussion of gravel, cobble, and shingle beach and dune erosion in different settings to
distinguish this type of erosion hazard from other erosion processes; provide examples, figures and
definitions; explain limitations of existing 540 sf Criterion for application to this type of erosion and
setting.

Develop interim approach for assessing gravel, cobble, and shingle beach and dune erosion based on
historical beach profile data.

Provide definitions and discussion of EBE found in sheltered water areas for G&S; provide interim
G&S based on historical beach profiles and field observations.

Provide language in G&S directing study contractors to notify FEMA if their study area includes a
beach nourishment area and provide FEMA with a list of information needed to assess special cases
where beach nourishment may be considered in determining hazard zones and BFEs (as an exception
to existing policy).
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Recommended Approach (Important Topics)

@

fa

f@

@

Continue to develop and test geometric methods and process-based numerical models for beach and
dune erosion applications along the Pacific Coast. Methods should include effects of storm duration
and sediment erodibility. Document results and prepare updates for G&S.

Prepare improved G&S for assessing bluff and cliff erosion in different settings.

Evaluate/develop methods (geometric or process-based) for assessing gravel, cobble, and shingle
beach and dune erosion.

Long-term processes are considered important to NFIP, but FEMA action on previous work is
pending. Therefore, guidance is best developed by FEMA in the Future

Perform future pilot EBE study(s) in sheltered waters; refine interim assessment procedures;
consider use of process based p-b models; prepare updated G&S.

Develop suite of process based models for general coastal erosion assessments for different settings
and material types, including sheltered waters.

Tasks associated with topics defined by the TWG to be Critical or Available were considered for
completion in Phase 2. However, time and budget constraints in Phase 2 do not allow comprehensive
treatment of all the Critical and Available topics. Important topics can not be completed within the time
frame of the project. The Helpful topic was deferred for future consideration due to its lower priority.
The table below summarizes the tasks selected for completion in Phase 2, and those deferred for future
consideration by FEMA.
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Table 9
Event Based Erosion Recommendations — Pacific Coast
Topic . . -
Number Topic/Subtopic Timing Recommended Approach
30 Geometric Phase 2 | Evaluate geometric methods and models. Develop G&S for determining
Methods for most likely Pacific winter beach profile, including beach nourishment
Assessing Erosion areas. Evaluate geometric modeling procedures for sand beaches and
dunes on PC and test with available data sets. At a minimum, prepare
interim G&S methods based on historical beach profiles and field
observations.
31, 32 Bluff and CIiff Phase 2 | Review available literature and reporting; provide language and
Erosion descriptions to PC G&S to distinguish bluff and cliff erosion from other
processes; provide figures and examples. Review existing bluff erosion
procedures and international literature. Discuss interim approach for
estimating bluff and cliff erosion based on historical profile data.

Future | Develop geometric procedures for bluff and cliff erosion and retreat.
Consider development and use of process-based numerical/statistical
modeling methods for future inclusion in the NFIP program.

33,34 | Gravel, Cobble, Phase 2 | Provide discussion of gravel, cobble, and shingle beach and dune
and Shingle erosion in different settings to distinguish this type of erosion hazard
Beach and Dune from other erosion processes. Provide examples, figures and
Erosion definitions. Discuss a simplified interim approach for cobble/shingle
beaches based on historical beach profiles.

Future | Explain limitations of existing 540 Criterion for application to this type
of erosion and setting. Discuss simplified interim approach for
assessing gravel, cobble and shingle beach and dune erosion based on
historical beach profile data. Develop geometric procedures for gravel,
cobble and shingle beach erosion.

Consider development and use of process-based numerical/statistical
modeling methods for future inclusion in the NFIP program.
35,36 | G&Sin Sheltered | Phase 2 | Provide definitions and discussion of EBE found in sheltered water
Water areas areas for G&S; provide interim G&S based on historical beach profiles
and field observations

Future | Perform future pilot EBE study(s) in sheltered waters; refine interim
assessment procedures; consider use of process-based models; prepare
updated G&S

38 Physics/Process Phase 2 | Discuss difference between simplified geometric methods and
Based Methods Processed-Based models.

Future | Develop suite of Processed-Based models for general coastal erosion
assessments for different settings and material types, including
sheltered waters and overwash

40 Document vertical | Future | Document depths of erosion following storm events and maintain data
depths of erosion for depths of erosion and damages to buildings in order to better
determine “depth-damage” relationships.
41 Long-term Future | This topic is considered important to NFIP, but FEMA action on
Erosion previous work is pending. Therefore, guidance is best developed by
FEMA in the future.
42,43 Nourished Phase 2 | Provide language in G&S directing study contractors to notify FEMA if
Beaches their study area includes a beach nourishment project and provide
FEMA with a list of information needed to assess special cases where
beach nourishment may be considered in determining hazard zones and
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Event Based Erosion Recommendations — Pacific Coast

Table 9

Topic
Number

Topic/Subtopic

Timing

Recommended Approach

BFEs (exception to existing FEMA policy).
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COASTAL STRUCTURES

Key Topics and Issues

The following Coastal Structures topics were identified by the TWG:

Available — Topic 21, Failed Structures; Topic 23, Buried Structures; Topic 25, Flood Protection

Structures; Topic 27, Coastal Levees.

Important — Topic 24, Structures-Tsunamis.

Helpful — Topic 22, Failed Structure Configuration; Topic 26, Adjacent Properties.

Key issues are:

(D)
he

Coastal structures can modify flood levels, wave effects, and topography landward, seaward, and
adjacent to the structures, and must be considered during the mapping of coastal flood hazards. Two
scenarios are commonly encountered: 1) Structures and their effects are analyzed during Flood
Insurance Studies, and 2) Structures frequently serve as the basis for revisions to FIRMs. Treatment
of structures in these two cases should be consistent.

FEMA G&S can be improved by expanding or adding discussions on coastal structure failure, buried
structures, and the effects of structures.

The effects of structures can be divided into two categories; effects on erosion and effects on flood
conditions. Two scenarios are important for each: 1) The effects of structures on adjacent properties,
and 2) The effects on property immediately landward and seaward of a structure.

Guidance for evaluating coastal structures has been largely unchanged since publication of the
USACE report CERC TR 89-15 in 1989. The evaluation criteria and guidance need to be reviewed
considering more recent publications and information. Revisions may or may not be warranted.

Guidance needs to clearly state that study contractors are not required to use CERC TR 89-15.
Guidance on the evaluation of coastal structures in tsunami-prone areas is needed.

FEMA G&S call for structure “removal” from subsequent flood hazard analyses in the event that a
structure fails (i.e., does not survive the base flood event), but guidance on uncertified structure
removal should be expanded and revised. More importantly, the configuration of a failed structure
can affect wave runup and overtopping calculations. A method to address uncertified structures, used
in a recent Pacific Coast flood study (by PWA), has been modified by the Focused Study and is
recommended for use.

Coastal structures and levees are sometimes treated differently, and those differences should be
justified or eliminated. The G&S should address coastal levees.

FEMA G&S were written primarily considering seawalls, bulkheads, revetments, and do not address
the effects of other structure types (e.g., jetties, groins, breakwaters). While treatment of these other
structures is needed, it is deemed a lower priority than revising the guidance related to seawalls,
bulkheads, revetments, and levees.
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Recommended Approach

The recommended approach involves making revisions to the G&S using available references and
information. The effort will be modest by comparison with some of the other Focused Study topics.

Recommended Approach (Available Topics)

{2 Buried structures and failed structure configurations (including progressive collapse of revetments).

fa

Treatment of failed (“removed”) structures for wave height and runup analyses.

@

Investigation of structure effects on erosion and flood hazards.

iz

Consistency in treatment of coastal structures and coastal levees.

@ Work with Tsunami Group to develop guidance for evaluating structures in tsunami-prone areas.

Recommended Approach (Helpful Topics)

@ Revision/update of CERC TR 89-15 coastal structure evaluation criteria.

@  Development of minimum structure characteristics necessary to receive mapping credit during Flood
Insurance Studies and flood map revisions.

@ Revision of guidance to consider coastal jetties, groins and breakwaters.

Tasks associated with Topics defined by the TWG to be Available were considered for completion in
Phase 2. However, time and budget constraints in Phase 2 do not allow comprehensive treatment of all the
Available topics. Topic 26, characterized as Helpful, was deferred for future consideration due to its lower
priority. However Topic 22, which is also characterized as Helpful, was included for completion in Phase
2 because the topic has been a significant one in past FIS work in the Pacific Coast. The table below
summarizes the tasks selected for completion in Phase 2, and those deferred for future consideration by
FEMA.
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Table 10
Coastal Structures Recommendations — Pacific Coast
Topic . . .
Number Topic/Subtopic Timing Recommended Approach
21a, Failed and Buried | Phase 2 | Revise guidance to better describe buried structures and failed structure
21b.1, 23 | Structures configurations (including progressive failure of revetments).
22a, 22b | Wave Effects Phase 2 | Using modified PWA method, write guidance for mapping runup and
Analyses at Failed overtopping at uncertified (or failed) coastal structures.
Structures
25 Flood protection Phase 2 | Mention in guidance, detailed TR 89-15 evaluation/certification of
Structures coastal structures are not required during FIS, but discuss implications
26a, 26b, | Effects of Phase 2 | Investigate effects of structures on erosion and flood hazards; develop
26d Structures on guidance for incorporation into flood hazard mapping.
Erosion, Flood
Hazards
27a Coastal Levees Phase 2 | Identify and resolve inconsistencies in treatment of coastal levees and
and Structures coastal structures
24 Tsunami-prone Future | Investigate historical data on structure failure/success during tsunamis;
Structures develop evaluation criteria for tsunami-prone structures.
27b, 27c | Structure Future | Review CERC TR 89-15 considering more recent data on structure
Evaluation stability and failure; revise structure evaluation criteria for existing and
Criteria new structures.
21b.2 Jetties, Groins, Future | Develop criteria/guidance for evaluating failure of other structure types,
Breakwaters and the effects of these failures on mapped flood hazards
26e Minimum Future | Determine minimum structure dimensions necessary to receive
Structure mapping credit during FIS and revisions to FIRMs
Dimensions
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TSUNAMI

Topics and Key Issues

The following Tsunami topics were identified by the TWG:

Critical — Topic 15, National Tsunami Hazard Mapping Program (NTHMP); Topic 16, 100-year

recurrence.

Important — Topic 20, Structure-Debris Interaction; Topic 29, Erosion.

Key issues are:

@

NOAA tsunami inundation maps presently show the maximum credible tsunami inundation limits.
Since a return period was not assigned to NOAA maps, the actuarial needs of NFIP are not served by
NOAA maps. Another drawback of the NOAA maps in California is that only nearfield events are
considered and farfield events are not. However, NOAA maps can be a part of FEMA’s multi-
hazard mapping efforts.

NOAA maps are useful, but FIS studies require consideration of 1% annual chance flood.
Present NOAA procedures do not account for farfield events; only nearfield events are considered.

The NTHMP has identified sources of Tsunami risks for Southern and Central California (local and
distant earthquakes, and coseismic or aseismic subaerial and subaqueous slides), Northern California
to Northern Washington (Cascadia Subduction Zone Earthquakes, coseismic or aseismic subaerial
and subaqueous slides), Puget Sound (local earthquakes and, coseismic or aseismic subaerial and
subaqueous slides and from delta failures). The issue is to determine which of these sources will
contribute significantly to the 1% annual chance base flood elevation required for Flood Insurance
Maps. Some of these sources may produce infrequent tsunamis with small runup elevations and may
not be considered for the NFIP.

Past FEMA Tsunami Mapping methods were developed by Houston and Garcia (1978). The
limitations of their methods are: 1) only farfield events from Alaska and South America are
considered and potential rupture of Cascadia Subduction Zone had not been recognized at that time;
2) the computational boundary is a vertical wall at the shoreline; and 3) faults are modeled as a
simple, rapid uplift of the ocean floor. Improved methods have been developed since the 1970s and
1980s when the Houston and Garcia procedures were applied first along the Pacific Coast. FEMA
needs reliable methods that will utilize state-of-the-art long wave propagation models and
geophysics based probabilistic procedures to define the magnitude and probability of the forcing
function for such rare events.

FEMA needs a method that recognizes hazards from multiple tsunami sources, utilizes the
knowledge available within the tsunami community in terms of source identification; geophysics
based probabilistic assessments, and propagation modeling. Tsunami anomalies in tide records,
where available, may be used in modeling and verification of results.
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@ High velocities are associated with tsunamis. Current mapping practices call for the statistical
combination of tsunami runup frequency curves and storm wave runup frequency curves. A new
methodology is needed to depict the hazards associated with high velocity tsunami waves
propagating landward from the coastline.

f&

Methods for calculating debris impact loads on structures are needed. Such methods may lead to
development of G&S for assessing the performance and survivability of coastal structures during a
1% annual chance event tsunami.

fa

Little is known about the physics of tsunami induced erosion. Post-tsunami observations show that
tsunami induced erosion damages can be severe. Therefore, procedures for estimating likely changes
in beach and back beach profiles are needed in order to determine tsunami runup elevations.

Recommended Approach

It is recommended that a Probabilistic Tsunami Hazard Assessment (PTHA) methodology be developed
for NFIP purposes. The procedure will be based on an integrated, interdisciplinary, and highly focused
six-month pilot study to define the tsunami hazards in a specific locale in Washington, Oregon, or
California by carefully examining the NTHMP and NFIP methods and tools. The pilot study will combine
recommendations from both Critical Topics 15 and 16. Topics 20 and 29 require longer-term
fundamental research and are recommended for future consideration.

Recommended Approach (Critical Topics)

The recommended work will focus on Topics 15 and 16:
@ Develop geologic and geophysical digital database.

@ Develop a methodology suitable for NFIP tsunami hazard zone delineations, including recurrence
interval estimation. The methods are likely to use existing NTHMP products and procedures.

&  Conduct a six-month pilot study to develop procedures for defining tsunami hazards along the
Washington, Oregon, or California coast

Recommended Approach (Important Topics)

(@ Estimate impact forces on typical coastal structures using overland flow depths and velocities from
the numerical tsunami simulations performed above for one coastal location.

@ Examine available USGS post-tsunami erosion data. Attempt to develop a simplified empirical
relationship for approximating changes in beach profiles during a 1% annual chance tsunami for the
specific locale under study.

Unlike the other ten work categories detailed in the Phase 1 Report, some of the tsunami research and
development tasks recommended here are being considered for completion under an interagency
agreement between FEMA and NOAA.. This applies primarily to Topics 15 and 16. Therefore, the
majority of recommended tasks associated with Topics 15 and 16 are shown below as future tasks along
with Topics 20 and 29, below.
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Table 11
Tsunami Recommendations — Pacific Coast
NTJCr)El;Cer Topic/Subtopic Timing Recommended Approach
No Prepare General Phase 2 | Prepare guidance for use of information and hazard mapping work
Topic Procedures for products produced by NOAA under Topic numbers 15 and 16, below.
No Pacific Coast Include these procedures in the general G&S for the Pacific Coast.
assigned | G&S

15 Address Use of Future | Develop digital database.

NTHMP Program Develop method suitable for NFIP tsunami hazard zone delineations,
Products and including recurrence interval estimation.
Approaches

16 Develop Method Future | Perform comprehensive pilot study at a selected site in California or
to Predict 100- Oregon or Washington to develop and test numerical methods for:
year Tsunami 1) Improve recurrence interval estimating procedures for farfield and
Event nearfield sources by increasing the coverage and quality of the historic

and prehistoric tsunami records and develop probability distributions
for both tsunamigenic earthquake and landslide sources.

2) Estimate the 1 percent chance tsunami

3) Test procedures for propagating tsunamis from Alaska, Chile, and
Cascadia Subduction Zone to the Pacific Coast. Verify model
predictions with tidal records, if available

4) Calculate runup and inundation elevations

5) Calculate combined probability distribution of tsunami runup and
storm wave generated runup (if data are available).

20 Tsunami- Future | Estimate impact forces on typical coastal structures using overland flow
Structure—Debris depths and velocities from the numerical tsunami simulations
Interaction To performed above for one coastal location.

Define Hazard
Zones

29 Review Methods Future | Examine available USGS post-tsunami erosion data. Attempt to
of Tsunami develop a simplified empirical relationship for approximating changes
Induced Erosion in beach profiles during a 1% annual chance tsunami for the specific

locale under study.
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SHELTERED WATERS

Topics and Key Issues

The following Sheltered Waters topics were identified by the TWG:

Critical — Topic 6a, Definitions and Classification; Topic 6b, Historical Information; Topic 6d, 1%
Annual Chance Flood Event; Topic 6e, Stillwater Elevations and Tidal Currents, Topic 6f,
Coastal Structures (covered in 21a); Topic 6g, Hazard Zones (covered in 17); Topic 6h, Inter-
Relationships.

Key issues are:

@ Sheltered Waters (SW) are water bodies with shorelines that are not subjected to the direct action of
undiminished ocean waves. Although similar processes contribute to flooding in sheltered water
shorelines as along open coastlines, such as wave setup, runup, and overtopping, there are several
aspects of sheltered water flood hazards not addressed in current G&S.

(@ Wave generation and transformation in SWs are typically limited by an open water fetch distance,
complex bathymetry, and often by the presence of structures. A sheltering effect typically reduces
wave energy and flood potential compared to open coast areas. However, wave runup and
overtopping along SW shorelines may present additional hazards from wave-cast debris and
backshore flooding.

@ Wave-cast debris from extreme wave runup and overtopping can be especially problematic, owing to
the proximity to fluvial sources of such materials in many estuaries.

@ SW areas often have unique flood hazards, due to the effects of fluvial drainages and modified tidal
and surge hydrology, and relatively strong tidal currents.

@ Other unique flood-related characteristics include the complex geometry of embayments, non-
coincidence of peak storm surge with peak winds, shallow water and restricted wind fetches for
wave growth, and non-sandy shoreline types with special erosion and scour hazards.

@  New guidelines are needed to inform and guide Mapping Partners in the preparation of coastal flood
insurance studies and flood hazard maps in sheltered water areas of the coastal floodplain.

Recommended Approach

Sheltered waters topics were classified by the project team as Critical to the Pacific studies and applicable
to all coasts. The recommended approach involves revisions to the G&S that will: 1) better define,
provide examples, and classify SWs and associated physical processes that contribute to flooding; 2)
expand existing guidance for SW areas using available references and information; 3) discuss river-tidal
joint probability issues, 4) develop linkages between SW and other sections of the G&S and, 5) seek
FEMA approval for methods used by Mapping Partners in recent Pacific Ocean sheltered water flood
studies.
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Recommended Approach (Critical Topics)

@ Provide definitions, examples, and develop a classification method and general approach conducting
SW studies versus open coast studies. This will serve as a framework and approach for Mapping
Partners to follow when conducting coastal flood hazard assessments.

fig

Prepare general guidance for documenting and using high water marks to reconstruct historic flood
conditions to validate flood study results.

(i)

Prepare guidance specific to defining the 1% annual chance flood event, including consideration of
the combined effects of riverine and tidal flooding.

g

[z

i

Expand guidance on wind data acquisition and analysis and on fetch-limited wave forecasting in
SWs.

f@

Prepare guidance for estimating stillwater elevations in ungauged SWs bodies and evaluating the
effects of tidal and riverine currents on wave propagation in SWs.

@  Prepare guidelines that comply with other related FEMA Map Modernization objectives and multi-
hazard planning initiatives.

Tasks associated with Topics defined by the TWG to be Critical were considered for completion in Phase
2. However, time and budget constraints in Phase 2 do not allow comprehensive treatment of all the
Critical topics. The table below summarizes the tasks selected for completion in Phase 2, and those
deferred for future consideration by FEMA.

In addition to the specific tasks listed in the table, the Sheltered Waters Phase 2 effort will involve
collaboration and coordination with other study groups as indicated below:

@ Work with the Storm Meteorology group to develop guidance for combined probability
considerations for defining the 1% annual chance flood event in sheltered water areas (Topic 51).

@  Work with the Stillwater group to develop general guidance for storm surge evaluation in sheltered
waters using tide gage analysis and 1-D surge model (Topic 54 and 55).

@ Work with the Wave Characteristics group to develop guidance on application of CEM and SPM
methods, and to evaluate application of Spectral Energy Models and Empirical Prediction Methods
in sheltered waters (Topics 4 and 5).

@ Work with the Wave Transformation group to develop guidance on wave transformation (Topic 8),
wave propagation over dissipative bottoms (Topic 9) and overland wave propagation (Topic 10) in
SWs.

@ Work with the Wave Setup group to develop guidance for defining wave setup in sheltered water
settings (Topics 44, 45, 46).

@ Work with the Event-Based Erosion group to develop guidance for erosion assessments in
cobble/shingle materials (Topic 33) and general guidance for erosion assessments in sheltered water
areas (Topic 35).
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@ Work with the Runup and Overtopping group to develop guidance for using mean versus higher
runup heights (Topic 12) and estimating overtopping volumes for backshore hazard mapping along
sheltered waters (Topic 13).

@ Work with the Hazard Zones group to develop guidance for considering wave-cast debris (Topic 17)
and mapping flood hazards from combined coastal-riverine flood areas (Topic 19).

Table 12
Sheltered Waters Recommendations — Pacific Coast
Topic . . .
Number Topic/Subtopic Timing Recommended Approach
6a Definitions and Phase 2 | Provide definitions, examples, and develop a classification method
Classification based on SW physical processes and site characteristics that can be
used during SW flood hazard studies.
6b Flood Event Phase 2 | Review previous SW flood studies and document methods used for
Reconstruction validating flood study results. Prepare general guidance for
documenting and using high water marks to reconstruct historic flood
conditions.
6d Combined Tidal- Phase 2 | Prepare guidance for defining the 1% annual chance flood event
Riverine 1% involving riverine and tidal flooding and expand guidance on wind data
Annual Chance acquisition and analysis and fetch-limited wave forecasting.
Event Assessment
6e Stillwater Phase 2 | Prepare guidance for estimating stillwater elevations in ungauged
Estimation sheltered waters bodies and evaluating the effects of tidal and riverine
currents.
6h Hazard Mitigation | Future | Prepare general guidance for Mapping Partners to coordinate the
Coordination preparation of coastal studies with other hazard mitigation activities.
6h Focused Study Phase 2 | Collaborate/coordinate with other study groups to address “Critical”
Coordination sheltered waters topics found in other Focused Studies.
PC Guidelines Phase 2 | Prepare general G&S section for assessing sheltered water areas on the
Pacific Coast.
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HAZARD ZONES

Topics and Key Issues

The following Hazard Zones topics were identified by the TWG:
Critical — Topic 17, VE Zone Limit.

Available — Topic 19, Combined Probabilities and Mapping for Areas Subject to Both Coastal and
Riverine Flood Sources.

Important — Topic 18, VE/AE Zone Appropriateness; Topic 39, PFD Definition.

Key issues are:

@ The existing definition of the primary frontal dune (PFD) is included in 44 CFR Section 59.1 of the
NFIP regulations, and is based on “where there is a distinct change from a relatively steep slope to a
relatively mild slope” in the land surface. The definition does not provide a quantitative method for
defining the landward limit of the PFD, yet it has significant influence on hazard zone delineation
The PFD definition and delineation also has implications for floodplain management, since dune
areas within a VE Zone are protected under 44 CFR subsection 60.3(e)(7) of the NFIP regulations.

@ Coastal high hazard zones are defined in 44 CFR Section 59.1 of the NFIP regulations to include the
area up to the landward limit of the PFD along open coasts. In practice, this definition frequently
dominates the determination of the VE Zone boundary. An improved definition or quantitative
methodology is needed to improve consistency in hazard zone delineation. This issue is most
applicable on the Atlantic and Gulf coasts where dunes are common, but also affects some areas of
the Pacific Coast.

@  The use of the PFD definition for VE Zone mapping may cause areas that are subject to significantly
different levels of flood risk to be mapped in a single VE Zone. The seaward portion may be subject
to inundation by active coastal processes during the base flood (erosion, wave height, wave runup,
and wave overtopping), and the landward portion included solely on the basis of the PFD limit
defined by topography.

@ Transitions in the Base Flood Elevations (BFEs) are frequently abrupt where the PFD definition is
used to establish a VE Zone limit, and the AE zone behind the PFD has a much lower computed
BFE. Improved procedures are needed to accurately relate mapped BFEs to flood risk.

2 The VE Zone limits are based on a breaking wave height of 3 feet or more and runup depths of 3 feet
or more. The basis for these criteria is not clear, and they may underestimate areas subject to
significant damage by coastal processes.

&  The wave overtopping criteria presently used in VE Zone hazard mapping require expansion and
review to evaluate threshold rates, extent of the mapped zones, and potential for use of VO Zones to
more accurately reflect actual hazards landward of overtopped dunes, coastal ridges, and shore
protection structures.
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@ Mapping procedures do not presently consider wave-cast debris (logs, stones, etc.), but these hazards

are significant on the Pacific Coast. New procedures may be needed to identify areas subject to
significant damages.

Coastal SFHAs on the Pacific Coast are generally narrow and dominated by wave runup. Therefore,

the distinction between seaward portions of AE Zones (that can be subject to severe coastal hazards)

and more landward portions (that are subject to lesser flood and erosion hazards) is not deemed to be
as significant an issue as on the Atlantic and Gulf Coasts. However, a nationwide review is needed to
assess the feasibility of subdivision of the coastal AE Zone SFHA.

A methodology is needed for determining and mapping flood hazard areas where coastal flooding
intersects and combines with a riverine flood profile. Previous FEMA guidance should be reviewed
for this purpose.

Recommended Approach

Hazard zone topics were classified by the Technical Working Group as Critical, Important and Available,
and applicable to all coasts. The recommended approach to preparing G&S for the Pacific Coast has the
purpose of clarifying existing guidance on coastal high hazard zones, describing FIRM hazard zone
delineation using results from coastal analyses, expanding upon examples to include Pacific Coast typical
conditions, and revising guidance using available references and information.

Recommended Approach (Critical and Available Topics)

@

2]

Establish improved procedures for establishing the landward limit of the PFD, and develop guidance
to better map the BFE transition between PFD dominated VE Zones and landward SFHA hazard
zZones.

Establish procedures (hazard identification and mapping) to better utilize VO Zones for areas subject
to severe wave overtopping at dune ridges and coastal protection structures.

Establish procedures for identifying and mapping coastal high hazard zones for wave overtopping
and wave-cast debris hazards in SFHAs with historically significant damages from this unique
hazard.

Review the previous 1981 FEMA guidance and new guidance on how to conduct the assessment and
mapping of combined coastal-riverine areas for adoption into the G&S.

Recommended Approach (Important Topics)

@
@

@

Investigate and develop coastal A Zone criteria

Prepare technical bulletins for clarification of proposed revisions to VE Zones, AE Zones, and new
criteria for VO Zones related to hazard identification, mapping, and floodplain management.

Develop new G&S examples of wave transect hazard mapping specifically for the expected
conditions along the Pacific Coast and sheltered waters.

Tasks associated with Topics defined by the TWG to be Critical and Available were considered for
completion in Phase 2. However, time and budget constraints in Phase 2 do not allow comprehensive
treatment of all the Critical topics. Important topics cannot be completed within the time frame of the

74
u\/\f\/\ .
FEMA CoASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FEMA INTERNAL REVIEW
NOT FOR DISTRIBUTION

RECOMMENDATIONS — PACIFIC COAST
PHASE 1 SUMMARY REPORT
i )

HAZARD ZONES

project (although a limited number of mapping examples can be developed during Phase 2). The table
below summarizes the tasks selected for completion in Phase 2, and those deferred for future
consideration by FEMA.

Table 13
Hazard Zones Recommendations — Pacific Coast
Topic . . o
Number Topic/Subtopic Timing Recommended Approach
17 Primary Frontal Phase 2 | Develop guidance to better map the BFE transition between PFD
Dune VE Zone dominated VE Zones and landward SFHA hazard zones
17 Guidance on VO Phase 2 | Establish procedures (hazard identification and mapping) to better
Zone Mapping utilize VO Zones for areas outside established VE Zones.
17 VE Zone Phase 2 | Establish procedures for identifying and mapping wave overtopping
Mapping Options and wave-cast debris hazard zones based on historical significance of
& Criteria hazard.
17,39 VE Zone Limit Future | Establish improved procedures for establishing the landward limit of
and PFD the PFD; test procedures in a case study
Definition
19 Combined Phase 2 | Review the previous 1981 FEMA or revised/new guidance on how to
Coastal-Riverine conduct the assessment and mapping of combined coastal-riverine
Zones areas for adoption into G&S.
Topic Hazard Zone Phase 2 | Develop new hazard zone mapping examples in G&S specifically for
number | Mapping and the Pacific Coast.
not Examples Future
assigned
18 Hazard Zonesand | Future | Investigate and develop coastal A Zone criteria. Prepare technical
Technical bulletins for clarification of proposed revisions to VE Zones, AE
Bulletins Zones, and new VO Zones related to hazard identification and
floodplain management. Develop an annotated bibliography of related
research and apply new concepts in a case study.
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4.6 SUMMARY OF TOPICS AND RECOMMENDATIONS — PACIFIC COAST
For easy reference, all of the Pacific Coast categories have been combined in one table, as follows.
Table 14
Summary of Pacific Coast Recommendations

Topic : . o
Number Topic/Subtopic | Timing Recommended Approach

STORM METEOROLOGY RECOMMENDATIONS — PACIFIC COAST

51 General Phase 2 | Define Event Selection and Response-Based methods for both open coast and
Methods to sheltered waters
Determine 1%

Annual Chance
Coastal Levels

51 Define Specific |Phase 2 | Document specific methods including, for example, the PWA Sandy Point
Methods, Tools, approach, the HR Wallingford JOIN-SEA method, and the FEMA/Tetra Tech
and Data 1982 approach.

Guidelines for
1% Annual
Chance
Analysis

51 Open Coast Phase 2 | Perform a case study comparing selected methods at a specific open coast

Case Study site, preferably one for which prior data is available
Future Perform a case study with Monte Carlo Method (Wallingford) using multiple
variables. The study will take into account wave related variables of swell
(height, period and direction) and sea (height) as well as the still water
elevation for the open coast.

51 Sheltered Water |Phase 2 | Perform a case study comparing methods at a specific sheltered water site,
Case Study preferably one for which prior data is available. Monte Carlo Methods will be

applied for Sheltered Water.

51 Storm Surge Future Test and recommend methods to associate frequency with storm surge for
Modeling Pacific Coast surge modeling; recommend appropriate data sources
Frequency
Analysis

51 Surge/Riverine |Future Prepare recommendations for the statistical combination of surge and a
Combination riverine runoff profile, with consideration of non-independence of the

processes; See also Topic 19 of the Hazard Mapping Focused Study for simple
mapping suggestions

51 Tsunamis and | Future Develop guidelines for the combination of tsunamis and tide, including a
Tide worked hypothetical example

STILLWATER RECOMMENDATIONS — PACIFIC COAST

55 Tide Gage Phase 2 | Select and test methods to extract surge estimates from tide gage data in
Analysis multiple settings.

54 Tide Gage Phase 2 | Document procedures for tide gage frequency analysis.

Analysis
Guidelines

54 General Phase 2 |Based on the existing literature, describe the use of surge models and the
Considerations factors which require consideration in performing a study.
for Surge
Modeling
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54 Simplified Phase 2 |Develop a 1-D (bathystrophic) surge model based on the Florida Department
Storm Surge of Environmental Protection methodology. Although primarily for Pacific
Model Coast applications, the model may also be useful as an auxiliary tool for the

Atlantic and Gulf coasts.
Future |Perform testing and example studies of the 1-D surge model and provide
expanded Users Manual based on test results.

52 Non-Stationary | Phase 2 | Write general guidelines for the consideration of non-stationary processes (for
Processes example, relative sea level rise, land subsidence), including identification of

major data sources. Include guidance on interpretation of historical data.
Suggest documentation of projected map impact.
STORM WAVE CHARACTERISTICS RECOMMENDATIONS — PACIFIC COAST

4,5 |Seaand Swell |Phase2 |Review GROW dataset for one location. Check whether the dataset represents
for Pacific extreme events adequately. Confirm lack of bias in the database. Develop
Coast G&S on use of GROW and steps for developing input data to wave

transformation models. Describe the WIS database development and potential
use in coastal flood insurance studies.

4,5 | Nearshore Future Conduct a study of the available nearshore data for Southern California Bight
Representation to assess whether inclusion of the local wind makes a significant change in the
of Local Sea for high frequency part of the spectrum. Based on the results of the above study,
Southern adopt one of the three alternatives: a) assuming no change in wind-induced
California Bight change in the spectrum, or b) attempt to model wind-induced changes, or c)

treat changes to the wind wave portion of the spectrum as an independent
variable and use joint probability analysis techniques

4,5 |Wave Phase 2 |Compare CEM and SPM procedures using a case study (an existing FIS site)
Generation in and clarify application of CEM in FEMA studies. Perform a case study to
Sheltered compare SEMs and traditional parametric models using restricted fetch
Waters methods.

4,5 |Wave Future |Develop application procedure for SEMs including wind field definition based
Generation in on detailed testing.

Sheltered

Waters

1 Wave Phase 2 | Using the compiled glossary of terms and notations (from CHL and IAHR

Definitions sources), correlate each of key terms with the coastal methodologies and

application. Prepare for application for Pacific Coast Guidelines
WAVE TRANSFORMATION RECOMMENDATIONS — PACIFIC COAST
8 Wave Phase 2 | Write G&S for Wave Transformations. Tasks: 1) conduct several Focused

Transformation Studies to inform the Wave Transformations G&S; 2) use available

with and publications to identify a range of methods; 3) develop criteria for level of

without analysis; 4) include development of guidelines for spatial coverage and wave

Regional parameters, and include use of regional models such as CDIP; 5) research

Models available literature to adequately define wave groups, infragravity waves,
shallow water spectra, etc. for input into wave setup and runup calculations;
6) review available literature and guidance on the range of applicability of
contemporary computer models, recommend models for inclusion on the
FEMA pre-approved coastal model list, and provide guidance on their
application to FEMA FISs; 7) incorporate applicable sections of existing G&S
for other geographical areas that cover the overland propagation and wave
energy dissipation topics. (Topics 9 &10)

Future |Evaluate wave transformation models using a selected data set.
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7 California Phase 2 | Provide CDIP Southern California validation examples and a test case for
Regional Wave testing other WT models;
Transformation Provide guidance and Users Manual on use of CDIP models and model output
Models such as existing model coefficients.
Future Use CDIP model to create 2 sets of wave transformation coefficients for
southern California, 1) for swell waves and 2) for local wind waves; Expand
CDIP for the California Coast. VValidate the models for central and northern
California; Create database, provide expanded user’s manual, and develop
Fortran and MATLAB codes to assist contractors in using the CDIP model
coefficients.
Consider expanding regional wave modeling for Washington and Oregon
coasts using CDIP or other programs (e.g., WIS) at the appropriate time and
depending on the need, recognizing that regional wave models are more
logical in densely populated areas. Individual studies may be performed in
sparsely located communities (see Topic 8).
Evaluate any limitations due to the linearity of the transformation models.
Conduct research on wind wave and swell spectra combination.
9 Wave Energy Phase 2 | Evaluate wave dissipation over marsh and mudflats in the Pacific Coast from
Dissipation available information; Develop criteria to evaluate importance of wave
over Shallow dissipation in FISs; Recommend changes to methods and WHAFIS dissipation
Flat Bottoms criteria to the extent feasible.
Future |Conduct field data collection to characterize wave dissipation over marsh and
mudflats and other shallow, dissipative shores in the Pacific;
provide expanded guidance for calculating wave dissipation.
10 Overland Wave | Future |Evaluate if changes to WHAFIS dissipation criteria are necessary (see Topic
Propagation 9), and G&S madifications for Pacific Coast.
WAVE SETUP RECOMMENDATIONS — PACIFIC COAST
44,45 |Pacific Coast |Phase 2 |Develop wave setup definitions with emphasis on Pacific Coast applications.
Definitions
46 Evaluate Phase 2 | Intercompare at least three Boussinesq models and compare with data.
Boussinesq
Models
46 Develop Phase 2 | Couple accepted engineering models for calculating wave setup across surf
Engineering zone. Include procedure for dynamic wave setup.
Based
Approach
44,45 |Compile Data |Phase 2 |Locate as much quality field data as possible for testing of developed/selected
for Testing approach(es).
44,45 |Compile Data |Future Locate and compile comprehensive national and international data sources for
for Testing testing a new Pacific Coast setup model
46 Develop Phase 2 | Evaluate candidate breaking zone models that allow specification of non
Breaking Zone planar profile.
Model
46 Develop Draft |Phase 2 |Incorporate findings from above into draft Guidelines and Specifications.
Guidelines and
Specifications
46 Develop Future Test Model over a wide range of settings and develop and expand User’s
Interim Method Manual based on test results.
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47 Ideal Model for | Future Couple wave generation and wave setup model, allowing specification of
Static Wave arbitrary tide.

Setup

48 Develop Model | Future Develop method based on directional and nonlinear spectrum as input.
for Dynamic
Wave Setup

WAVE RUNUP AND OVERTOPPING RECOMMENDATIONS — PACIFIC COAST
Topic |Runupon Phase 2 | Revise guidance to call for runup analyses for sandy beach, small dune shore
number | Beaches and type

not Low Barriers

assigned

12 Evaluate Use of | Phase 2 | Evaluate use of Rsq and select alternate R,q, value (probably between Rz,
Mean Runup and Rygy) if Rsge, understates observed hazard.

Value Develop an Interim procedure to adjust RUNUP2.0.output.

12 Evaluate Use of | Future |Review runup distributions for beaches and structures during El Nifio, coastal
Mean Runup storm, and hurricane conditions; review runup damages.

Value

11 Wave Setup Phase 2 | Current FEMA methodology includes the wave setup component in the
Component calculated runup height. This procedure should be revisited for its

appropriateness along the Pacific, and depending on recommended Pacific
methodology (coordinate with Wave Setup study)

11 Infragravity Future Consider effects of infragravity motions, which amplify runup and
Motions overtopping, and can be substantial along the Pacific Coast

11 Wave Setup Phase 2 | Current FEMA methodology includes the wave setup component in the
Component calculated runup height. This procedure should be revisited for its

appropriateness along the Pacific, and depending on recommended Pacific
methodology (coordinate with Wave Setup study)

11 Conduct Phase 2 | Evaluate CDIP-type and Oregon-type methods as interim approaches.
Comparative Coordinate with case studies in Storm Meteorology, Wave Transformation
and Sensitivity studies.

Testing of Test runup methods and models in conjunction with other tests (use common
Runup Models data sets to test wave generation through stillwater level and runup).
and Methods
11,49 |Conduct Future |ldentify appropriate runup methods and models by location, morphology and
Comparative hydraulic conditions.
and Sensitivity Compare results using simple methods versus numerical models, deterministic
Testing of (event selection) versus statistical approaches.
Runup Models Write Guidelines on input conditions uncertainty.
and Methods
13,14 | Overtopping Phase 2 | Maintain use of mean overtopping rate (cfs/ft, m/ per m)
Rates Determine damaging overtopping rates for buildings and evaluate current
FEMA hazard zone thresholds.
Evaluate FEMA’s guidance which limits the runup elevation to 3 feet above a
barrier’s crest elevation
Coordinate with Hazard Zone study.
13 Overtopping Future |Overtopping at low profile beaches and barriers, dune remnants, revetments,
Rates and vertical walls should be evaluated, including consideration for calculating
overtopping and ponding on low bluffs with gently sloping, flat or adverse
slopes.
EVENT BASED EROSION RECOMMENDATIONS — PACIFIC COAST
30 Geometric Phase 2 | Evaluate geometric methods and models. Develop G&S for determining most
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Methods for likely Pacific winter beach profile, including beach nourishment areas.
Assessing Evaluate geometric modeling procedures for sand beaches and dunes on PC
Erosion and test with available data sets. At a minimum, prepare interim G&S methods

based on historical beach profiles and field observations.
31,32 |Bluffand Cliff | Phase 2 |Review available literature and reporting; provide language and descriptions
Erosion to PC G&S to distinguish bluff and cliff erosion from other processes; provide
figures and examples. Review existing bluff erosion procedures and
international literature. Discuss interim approach for estimating bluff and cliff
erosion based on historical profile data.
Future |Develop geometric procedures for bluff and cliff erosion and retreat.
Consider development and use of process-based numerical/statistical modeling
methods for future inclusion in the NFIP program.
33,34 |Gravel, Cobble, | Phase 2 |Provide discussion of gravel, cobble and shingle beach and dune erosion in
and Shingle different settings to distinguish this type of erosion hazard from other erosion
Beach and processes. Provide examples, figures, and definitions. Discuss a simplified
Dune Erosion interim approach for cobble/shingle beaches based on historical beach profiles.

Future |Explain limitations of existing 540 Criterion for application to this type of
erosion and setting. Discuss simplified interim approach for assessing gravel,
cobble, and shingle beach and dune erosion based on historical beach profile
data. Develop geometric procedures for gravel, cobble, and shingle beach
erosion.

Consider development and use of process-based numerical/statistical modeling
methods for future inclusion in the NFIP program.
35,36 |G&Sin Phase 2 | Provide definitions and discussion of EBE found in sheltered water areas for
Sheltered Water G&S; provide interim G&S based on historical beach profiles and field
areas observations

Future |Perform future pilot EBE study(s) in sheltered-waters; refine interim
assessment procedures; consider use of process-based models; prepare
updated G&S

38 Physics/Process | Phase 2 | Discuss difference between simplified geometric methods and Processed
Based Methods Based models.

Future |Develop suite of processed-based models for general coastal erosion
assessments for different settings and material types, including sheltered
waters and overwash

40 Document Future | Document depths of erosion following storm events and maintain data for
vertical depths depths of erosion and damages to buildings in order to better determine
of erosion “depth-damage” relationships.
41 Long-term Future |This topic is considered important to NFIP, but FEMA action on previous
Erosion work is pending. Therefore, guidance is best developed by FEMA in the
future.
42,43 |Nourished Phase 2 |Provide language in G&S directing study contractors to notify FEMA if their
Beaches study area includes a beach nourishment project and provide FEMA with a list
of information needed to assess special cases where beach nourishment may
be considered in determining hazard zones and BFEs (exception to existing
FEMA policy).
COASTAL STRUCTURES RECOMMENDATIONS — PACIFIC COAST
2la, |Failedand Phase 2 | Revise guidance to better describe buried structures and failed structure
21b.1, |Buried configurations (including progressive failure of revetments).
23 Structures

22a, 22b | Wave Effects Phase 2 | Using modified PWA method, write guidance for mapping runup and

Analyses at overtopping at uncertified (or failed) coastal structures.
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Failed
Structures
25 Flood Phase 2 | Mention in guidance, detailed TR 89-15 evaluation/certification of coastal
protection structures are not required during FIS, but discuss implications
Structures
264a, 26b, | Effects of Phase 2 | Investigate effects of structures on erosion and flood hazards; develop
26d | Structures on guidance for incorporation into flood hazard mapping.
Erosion, Flood
Hazards
27a | Coastal Levees | Phase 2 |Identify and resolve inconsistencies in treatment of coastal levees and coastal
and Structures structures
24 Tsunami-prone | Future |Investigate historical data on structure failure/success during tsunamis;
Structures develop evaluation criteria for tsunami-prone structures.
27b, 27c | Structure Future |Review CERC TR 89-15 considering more recent data on structure stability
Evaluation and failure; revise structure evaluation criteria for existing and new structures.
Criteria
21b.2 | Jetties, Groins, Future |Develop criteria/guidance for evaluating failure of other structure types, and
Breakwaters the effects of these failures on mapped flood hazards
26e | Minimum Future |Determine minimum structure dimensions necessary to receive mapping credit
Structure during FIS and revisions to FIRMs
Dimensions
TSUNAMI RECOMMENDATIONS — PACIFIC COAST
No Prepare General | Phase 2 | Prepare guidance for use of information and hazard mapping work products
Topic |Procedures for produced by NOAA under Topic numbers 15 and 16, below. Include these
No Pacific Coast procedures in the general G&S for the Pacific Coast.
assigned | G&S
15 Address Use of | Future |Develop digital database.
NTHMP Develop method suitable for NFIP tsunami hazard zone delineations,
Program including recurrence interval estimation.
Products and
Approaches
16 Develop Future |Perform comprehensive pilot study at a selected site in California, Oregon, or
Method to Washington to develop and test numerical methods for:
Predict 100- 1) Improve recurrence interval estimating procedures for farfield and nearfield
Year Tsunami sources by increasing the coverage and quality of the historic and prehistoric
Event tsunami records and develop probability distributions for both tsunamigenic
earthquake and landslide sources.
2) Estimate the 1% annual chance tsunami
3) Test procedures for propagating tsunamis from Alaska, Chile, and Cascadia
Subduction Zone to the Pacific Coast. Verify model predictions with tidal
records, if available
4) Calculate runup and inundation elevations
5) Calculate combined probability distribution of tsunami runup and storm
wave generated runup (if data are available).
20 Tsunami- Future |Estimate impact forces on typical coastal structures using overland flow
Structure— depths and velocities from the numerical tsunami simulations performed
Debris above for one coastal location.
Interaction To
Define Hazard
Zones
29 Review Future |Examine available USGS post-tsunami erosion data. Attempt to develop a

81

FEMA COASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES




FEMA INTERNAL REVIEW

NOT FOR DISTRIBUTION

RECOMMENDATIONS — PACIFIC COAST
PHASE 1 SUMMARY REPORT

—_—
Methods of simplified empirical relationship for approximating changes in beach profiles
Tsunami during a 1% annual chance tsunami for the specific locale under study.
Induced
Erosion

SHELTERED WATERS RECOMMENDATIONS — PACIFIC COAST
6a Definitions and | Phase 2 |Provide definitions, examples, and develop a classification method based on
Classification SW physical processes and site characteristics that can be used during SW
flood hazard studies.
6b Flood Event Phase 2 | Review previous SW flood studies and document methods used for validating
Reconstruction flood study results. Prepare general guidance for documenting and using high
water marks to reconstruct historic flood conditions.
6d Combined Phase 2 | Prepare guidance for defining the 1% annual chance flood event involving
Tidal-Riverine riverine and tidal flooding and expand guidance on wind data acquisition and
1% Annual analysis and fetch-limited wave forecasting.
Chance Event
Assessment
6e Stillwater Phase 2 | Prepare guidance for estimating stillwater elevations in ungauged sheltered
Estimation waters bodies and evaluating the effects of tidal and riverine currents.
6h Hazard Future |Prepare general guidance for Mapping Partners to coordinate the preparation
Mitigation of coastal studies with other hazard mitigation activities.
Coordination
6h Focused Study | Phase 2 | Collaborate/coordinate with other study groups to address “Critical” sheltered
Coordination waters topics found in other Focused Studies.
PC Guidelines | Phase 2 |Prepare general G&S section for assessing sheltered water areas on the Pacific
Coast.
HAZARD ZONES RECOMMENDATIONS — PACIFIC COAST
17 Primary Frontal | Phase 2 |Develop guidance to better map the BFE transition between PFD dominated
Dune VE Zone VE Zones and landward SFHA hazard zones
17 Guidance on Phase 2 |Establish procedures (hazard identification and mapping) to better utilize VO
VO Zone Zones for areas outside established VE Zones.
Mapping
17 VE Zone Phase 2 | Establish procedures for identifying and mapping wave overtopping and
Mapping wave-cast debris hazard zones based on historical significance of hazard.
Options and
Criteria
17,39 |VE Zone Limit | Future |Establish improved procedures for establishing the landward limit of the PFD;
and PFD test procedures in a case study
Definition
19 Combined Phase 2 | Review the previous 1981 FEMA or revised/new guidance on how to conduct
Coastal- the assessment and mapping of combined coastal-riverine areas for adoption
Riverine Zones into G&S.
Topic |Hazard Zone Phase 2 | Develop new hazard zone mapping examples in G&S specifically for the
number | Mapping and Pacific Coast.
not |Examples Future
assigned
18 Hazard Zones Future |Investigate and develop coastal A Zone criteria. Prepare technical bulletins
and Technical for clarification of proposed revisions to VE Zones, AE Zones, and new VO
Bulletins Zones related to hazard identification and floodplain management. Develop an
annotated bibliography of related research and apply new concepts in a case
study.
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5 RECOMMENDATIONS — ATLANTIC AND GULF COASTS

51 INTRODUCTION — OBJECTIVES AND NFIP CONSIDERATIONS

This section of the report presents a brief discussion on the need for guidelines to address both open coast
and sheltered waters settings. Specific recommendations for the Atlantic and Gulf Coasts are summarized
by technical category. These summaries are very brief descriptions of the results of the Focused Studies.
The reader should refer to the appendices for a more thorough treatment of the topics for the Atlantic and
Gulf Coasts.

The objectives for these recommendations are to guide future development of updates to the guidelines on
the Atlantic and Gulf Coasts, indicate the potential applicability of Phase 2 work on the Pacific Coast to
procedures for the Atlantic and Gulf Coasts, and provide a reference for the NFIP and map modernization
until the existing guidelines, procedures, and regional studies are formally updated.

52 OPEN COAST AND SHELTERED WATER SETTINGS

"Sheltered Waters” are water bodies with shorelines that are not subjected to the direct action of
undiminished ocean winds and waves. Sheltered Water areas are exposed to similar flood-causing
processes as those found along open coastlines, such as high winds, wave setup, runup and overtopping.
Present FEMA G&S adequately cover many of the general coastal flood assessment procedures needed to
complete flood hazard assessments in Sheltered Waters. However, some aspects of sheltered water flood
hazards can not be addressed by the current FEMA Guidelines. For example, wind-generated waves are
highly dependent on the shape and orientation of the surrounding terrain to prevailing wind directions.
Wave generation and transformation in sheltered waters are usually limited by their open water fetch
distance, complex bathymetry and often the presence of in-bay and shoreline coastal structures. These
sheltering effects reduce wave energy and flood potential compared to open coast areas.

Other processes, including the effects of terrestrial runoff which modify local tidal and surge hydrology
and relatively strong in-bay currents often combine to create tidal and hydrodynamic conditions only
found in sheltered waters areas. Bays and estuaries often display significant spatial variability in tidal
hydrology. For example, south San Francisco Bay often has a standing tide with nearly twice the tide
range of central Bay and an elevated mean tide and high water elevation compared to the open coast. In
contrast the north bay which extends into the Sacramento-San Joaquin Delta area displays a progressively
muted tidal range and lower elevated mean tide resulting from combined effects of complex tidal
hydraulics, residual currents, local winds and river runoff. Oceanic storm surge can be modified in
estuaries and it isn’t clear whether storm surge is uniformly additive to local tidal datums throughout an
estuary, or whether storm surge is amplified or muted within an estuary, or within a given region within a
large estuary. However, this depends on local conditions and must be evaluated with appropriate methods.

On the Atlantic coast similar questions arise during hurricane events versus local storm events regarding
how storm and oceanic conditions may or may not affect sheltered water tidal elevations. Atlantic Coast
sheltered waters (such as the sounds behind North Carolina’s Outer Banks, Chesapeake Bay, Delaware
Bay, and other smaller water bodies) may experience significant wind setup in these shallow areas
followed by a sudden calming of the wind resulting in long wave seiching within the sound. Similar
seiching effects are experienced in the Great Lakes. Other important flood-related characteristics include
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the complex geometry of the embayments, lack of coincident peak storm surge with peak winds and
waves, shallow water and restricted wind fetches for wave growth, and non-sandy shoreline types with
special erosion and scour hazards. Wave-cast debris from extreme wave runup and overtopping can be
especially problematic, owing to the proximity to sources of such materials in many estuaries. These
sheltered water flood hazards are not adequately addressed in current FEMA Guidelines.

5.3  DEFINE THE 1% ANNUAL CHANCE FLOOD HAZARD (TWO APPROACHES)

The issues of computing the wave conditions and still water levels during a 1% annual chance event has
been discussed in Section 4.3, Open Coast and Sheltered Water Settings. For the open coasts of the
Atlantic and the Gulf , the G&S assumes that during a hurricane event the 1% annual chance wave (which
becomes depth limited in shallow water) will occur simultaneously with 1% annual chance water level. In
some sheltered waters along the Atlantic and Gulf Coasts, the 1% annual chance wave and 1% annual
chance water level may not occur simultaneously, primarily due to hurricane track relative to the
configuration of the sheltered water body. Because the hydrometeorological setting of the Atlantic and
Gulf Sheltered Water is similar to the Pacific Coast in terms of statistical correlation between water levels
and waves, two basic approaches for extreme event definition, the Event Selection and the Response
method, described in Section 4.4 of this report will be applicable. The G&S does not have specific
guidance detailing the 1% annual chance event issues for Sheltered Waters. Hence, the G&S developed
for the Pacific Coast will be useful for Atlantic and Gulf Sheltered Waters.

54 INTRODUCTION TO TECHNICAL CATEGORY SUMMARIES

The subsections that follow provide concise summaries of Focused Study results in the 11 technical
categories for the Atlantic and Gulf Coasts. The summaries include a summary of existing G&S, a brief
description of the topics, and key issues and a set of recommendations for the Atlantic and Gulf Coasts.
Phase 2 of this project does not include further work on development of guidelines for the Atlantic and
Gulf Coasts. The recommendations therefore include a discussion of available methods, the potential
applicability of guidelines to be developed in Phase 2 for the Pacific Coast, and recommended future
development.

The following summaries are the direct result of the appended Focused Studies, which include additional
discussion, information, and references on the topics. These Focused Studies provide an additional
reference for the NFIP and map modernization until the existing guidelines, procedures, and regional
studies are formally updated.
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STORM METEOROLOGY
Overview of Existing Guidelines

This category covers not only storm meteorology, but also a number of flood frequency issues. Among
these are two general methods to determine the 1% annual chance level of some coastal process,
characterized as the Event Selection method and the Response-Based method. These terms refer to the
manner in which the 1% annual chance coastal flood level is determined. In the Event Selection method,
a single 1% annual chance offshore storm or wave event, which is followed to shore and on to its runup
level, is selected with the assumption that the runup level would approximate the true 1% annual chance
runup. In the Response-Based method, all significant events are routed from offshore to their runup
limits, and only then is the 1% annual chance level determined, based on the entire set of response
calculations. The same general approaches apply to processes other than runup.

For the Atlantic and Gulf Coasts, the question of method is less important than on the Pacific Coast,
because the primary wave effects are associated with limit height breakers during local, intense
hurricanes; consequently, the existing guidelines are quite limited. The Study Contractor is instructed to
adopt the “controlling” wave for level mapping. There is little specific guidance on the selection of wave
parameters for wave setup and runup determinations. In many places, the guidelines refer to the need to
choose a parameter - deepwater wave height, for example, which is somehow *“associated with” another
process such as the 1% annual chance stillwater level. It is generally not clear from the guidelines how
this is to be done, and the matter is left to the study contractor’s judgment with the injunction that the
assumptions be documented. Section D.2.2.6, for example, refers to “the meteorology of storms expected
to provide approximate realizations of the 1-percent-annual-chance-flood” and suggests that such storms
would be useful in “assessing wave characteristics likely associated with” that flood. Subsequently, it is
suggested that “the 1-percent-annual-chance flood is likely associated with central pressure deficits
having exceedance probabilities between 5 and 10 percent” with the implication that wave height and
period estimated from hurricane formulas using pressures in this range would be appropriate.

Another important storm meteorology issue is the manner in which frequency is attached to storm surge
calculations. The accepted approaches are all Response-Based, with a large number of storms of varying
characteristics being simulated and the 1% annual chance level determined from an analysis of the
computed response. An example of an Event Selection method, not commonly used in recent years, is the
simulation of one particular storm (a design storm) chosen somehow to approximate 1% conditions. The
basic approach discussed in the guidelines is the Joint Probability Method, which considers the total rate
of occurrence of storms defined by multiple parameters with individual probabilities. The Atlantic and
Gulf Coast guidelines suggest the approach originally developed by NOAA, with the required hurricane
data taken from NOAA publications such as NWS 38. The newer Empirical Simulation Technique (EST)
has been applied in recent studies both for the USACE and for FEMA, but is not considered in the current
guidelines.

There is little additional guidance on storm meteorology in the current guidelines. The Study Contractor
is required to “Describe the method by which the tidal elevation data are convoluted with the surge data
including tidal constants and tidal records” for the combination of astronomic tide and storm surge. There
is no guidance for the combined probability of separate processes such as storm surge and rainfall runoff
in a tidal river, and there are no guidelines specifically for the Pacific Coast.
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Topics and Key Issues

The following Storm Meterology topics were identified by the TWG:
Critical — Topic 51, Combined Probability.

Important — Topic 50, Modeling Procedures.

Key issues are:

& Storm surge frequency analysis can be performed using Joint Probability, Monte Carlo, or the newer
EST methods. These alternatives should be compared and evaluated using a common data set and a
single storm surge model.

@ The adequacy of NWS 38 as a data source for new storm surge studies should be reviewed, both
from the standpoint of additional years of data since its publication, and also for its use of a coast-
referenced coordinate system.

@ Although not as critical as on the Pacific Coast, it is important to establish what offshore wave
conditions should be selected for determination of such flood-enhancing mechanisms as setup and
runup.

@ Astronomical tide often makes a significant contribution to the total stillwater level. The methods by
which tide and surge can be combined depend on their relative magnitudes and the degree to which
they may interact physically. Guidelines should be developed for techniques to perform this
combination.

@ The manner in which flood levels are determined in tidal zones that are subject to both riverine and
coastal flooding has been neglected in the existing guidelines. Methods to determine the joint result
range from simple addition of rates to complex hydrologic modeling. See also Topic 19 of the
Hazard Mapping Focused Study.

@ Improved observations during recent years indicate that past assumptions regarding hurricane wind
fields may require improvement.

@  Similarly, improved determinations of wind stress under extreme wind conditions suggest that
improvement of wind stress formulations used in surge modeling may be warranted.

Recommended Approach

The recommended approach to these issues includes both the development and verification of methods,
and the preparation of new and revised guidelines.

Currently Available Methods, Information, and Guidelines

Currently available Atlantic/Gulf methods include the Joint Probability, Monte Carlo, and EST methods
for storm surge statistics; numerous runup models; methods for tide and surge combination summarized
in the FEMA Surge Model documentation; and the Monte Carlo method adopted by the Florida
Department of Environmental Protection.
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Applicability of Pacific Coast Guidelines

The topics treated under Storm Meteorology have a different emphasis on the Atlantic and Gulf Coasts
than on the Pacific Coast. For the Atlantic and Gulf Coasts, the primary concern is with the storm data
and frequency methods used in storm surge modeling. The primary problem for the Pacific Coast is
determination of the 1% annual chance flood elevation (base flood elevation) resulting from the
combination of waves with tide, surge, and setup. Guidelines will be developed for the Pacific open coast
based on the Event Selection Method and Response-Based Method. These methods will also be utilized to
develop guidelines for determination of base flood elevation in the sheltered waters of the Pacific Coast.
Sheltered waters in both the Pacific and the Atlantic and Gulf Coasts are characterized by possible non-
coincidence of extreme stillwater level and extreme wave conditions. Because of this similarity, the
procedures for the Pacific Coast sheltered waters, or part thereof, may be applicable to the Atlantic and
Gulf Coasts. The following tasks undertaken in Phase 2 will develop procedures that may be applicable
on the Atlantic and Gulf Coasts:

@ Perform a sheltered water case study utilizing the Event Selection and Response-Based Methods.

&  Provide guidance regarding the combination of surge and tide using convolution and FL-DEP
methods. The convolution method will be applicable where surge and tide combine approximately
linearly, or where one of the two processes dominates the other. The FL-DEP method does not
require the assumption of linear combination and will likely apply on relatively steep open coasts.

Recommended Future Development

@ Provide guidance regarding the combination of surge and tide in settings where two-dimensional
surge modeling is warranted

@ Develop guidance for the combined effects of riverine and coastal flooding

Compare and evaluate storm surge frequency methods including Joint Probability Method, Monte
Carlo, and Empirical Simulation Technique

Evaluate storm parameter data sources and statistics
Review wind field formulations for hurricanes, northeasters, and other storms

Review wind stress formulations to reflect improved recent observations
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STORM METEOROLOGY

Table 15
STORM METEOROLOGY RECOMMENDATIONS — ATLANTIC AND GULF COASTS
Topic . .
Number Topic/Subtopic Recommended Approach (Future Work)
51 Tide and Surge Develop guidelines for the combination of surge and tide, including examples
Combination drawn from past studies (with consideration of FEMA surge studies,
ADCIRC/EST, and the FL-DEP Monte Carlo method)
51 Surge/Riverine Prepare recommendations for the statistical combination of surge and a riverine
Combination runoff profile, with consideration of non-independence of the processes; see also
Topic 19 of the Hazard Mapping Focused Study for simple mapping suggestions
50 Storm Surge Apply/Compare methodologies (JPM, EST, Monte Carlo) using a common
Frequency hydrodynamic model and storm data set
Aanalysis
50 Storm Review and evaluate available sources of storm parameters used in storm surge
parameters for modeling, including NWS 38, HURDAT, and other databases
surge modeling
50 Storm Wind Review best available data regarding wind fields and compare with fields used in
Fields storm surge models; recommend the most appropriate models for FIS use (tropical
storms, northeasters)
50 Wind Stress Review best available data for wind stress and compare with formulations used in
Formulation storm surge models; recommend the most appropriate formulation for FIS use
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STILLWATER
Overview of Existing Guidelines

For the Atlantic and Gulf Coasts, the primary difficulty with stillwater is the determination of storm surge
and static wave setup, plus the contribution of astronomical tide. Existing FEMA guidelines are relatively
brief—consisting primarily of checklists and requirements for data submission and documentation during a
study. The material concerned with general surge modeling is contained in Section D.1.2.4,
Hydrodynamic Storm Surge Model. Additional storm surge guidance is contained in Section D1.2.5,
Storm Surge Model Calibration and Verification, which consists of two paragraphs on verification
procedures and required backup documentation; Section D1.4.1, [Intermediate Data Submission] Before
Storm Surge Model Calibration Runs, a list of eight items to be submitted for review prior to proceeding
with model runs; and Section D1.4.2, Before Operational Storm Surge Runs, a checklist of seven items to
be submitted for review prior to performing the main statistical simulation set of runs. There is some
additional material of a general nature in Section D-2.2 dealing with Data Requirements.

The available guidelines are generally based on the use of the FEMA storm surge model, although brief
mention is made of the Stone and Webster Northeaster Model and the possible stillwater elevation
determination by statistical analysis of available tide gage records, provided the recorded tide gage
records include 20 years or more of data. Section D.2.2 also states that “use of synthetic computer
models for storm surge assessments are suggested for use and application over tide gage data, where tide
gage data is limited and complex shorelines are present which cause appreciable variation in flood
elevations for a community.”

Topics and Key Issues
The following Stillwater topics were identified by the TWG:

Critical — Topic 53, Identify Reliable Existing Data to Compare to Existing FEMA Flood Studies to Test
Performance of Surge Models.

Available — Topic 52, Provide Guidance on Non-stationary Processes [i.e., sea level change] when
establishing current conditions.

Key issues are:

(@ Storm surge estimates can be based on an analysis of tide gage data in some regions.

@ The FEMA coastal guidelines do not include any significant discussion of appropriate methods for
tide gage analysis.

@ The guidelines provide little guidance regarding the considerations that must be made for storm
surge modeling, beyond the assumptions implicit in the use of the FEMA storm surge model.

@ The availability of many new surge models and supporting tools for grid development and
maintenance suggests the need for more detailed guidance regarding models and modeling practice.
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@ In some areas of the Atlantic and Gulf Coasts a simplified 1-D surge model would be a valuable tool.
A suitable prototype for such a model is the one used by the Florida Department of Environmental
Protection for Florida coastal construction jurisdictional delineations.

@ The FEMA guidelines provide little guidance on the matter of non-stationary processes, and how
they might affect both the determination of stillwater levels, and the interpretation of historical data
used in a FIS.

(&

The primary non-stationary processes of concern are the relative change of sea level (sea level rise
and/or land subsidence), and localized land subsidence associated, for example, with oil and water
extraction or tectonic adjustment.

z)

Owing to improvements in computer technology, future storm surge modeling efforts can be
expanded to a regional scope, providing greater uniformity and accuracy in the surge determinations,
at reduced cost.

fi

& An important question is how well FEMA coastal surge estimates will agree with experience. Model
calibration in any particular study is difficult owing to uncertainties in both historical storm
characteristics and levels of flooding.

& |t should be possible to perform a global “calibration” through a statistical evaluation of the
performance of the FEMA methodology along all major coastlines.

Recommended Approach

The recommended approach for addressing these issues includes both the development and verification of
analytical and modeling methods (tide gage analysis and bathystrophic surge modeling), as well as
general revision of the G&S to provide greater insight for Study Contractors regarding the requirements
of coastal modeling and data interpretation.

Currently Available Methods, Information and Guidelines

Information is available for development of guidance on non-stationary processes, and for development of
general storm surge modeling guidance.

Applicability of Pacific Coast Guidelines

The Stillwater topics are generally applicable to both the Atlantic/Gulf and Pacific Coasts. The
differences are primarily matters of emphasis, not physics. In particular, storm surge is generally small
on the Pacific Coast in comparison with the Atlantic/Gulf. Despite this, the work for one coast will be
applicable to the other. Therefore, results from the following Phase 2 work proposed for the Pacific
should provide improved guidance for the Atlantic and Gulf Coasts.

& Provide guidance regarding methods for determination of storm surge based on tide gage data.
(@ Write general guidelines for storm surge modeling
@ Implement a simplified 1-D storm surge model with guidelines for its use

& Write guidelines for consideration of non-stationary processes in a FIS
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Recommended Future Development

@ Develop global methods to evaluate surge model performance

@ Develop guidelines for large scale regional surge modeling

Table 16
Stillwater Recommendations — Atlantic and Gulf Coasts
Topic . .
Number Topic/Subtopic Recommended Approach (Future Work)

53 General Based on the existing literature, describe the use of surge models applicable to
Considerations Atlantic and Gulf Coasts and the factors that require consideration in performing a
for Surge study.

Modeling

53 Surge Modeling Develop statistical procedures to assess the performance of the FEMA surge models
Global through the consideration of global experience on all coasts.

Calibration

53 Regional Surge Develop guidance for large scale regional surge modeling.
Modeling
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STORM WAVE CHARACTERISTICS
Overview of Existing Guidelines

Existing FEMA guidelines provide three approaches for estimating storm wave characteristics: (1) wave
data from offshore wave buoys, (2) wave data from hindcasts or numerical modeling based on historical
records, (3) wave data from specific calculations based on assumed storm meteorology. For the second
approach the USACE Wave Information System (WIS) hindcasts are used and these are specified at some
specific (average) water depth. Mapping Partners convert such wave information into an equivalent
condition at some other water depth for appropriate treatment of flood effects. For the third approach, the
Shore Protection Manual (SPM) and ACES V1.7 are recommended for hurricanes and extratropical
storms, respectively. The current approaches are generally adequate since the “controlling” wave height
(1.6 times the significant wave height) will invariably be the limiting breaking wave at the original
shoreline for WHAFIS application. However, wave setup calculations are sensitive to deep water
conditions for which more accurate determinations may be necessary.

Topics and Key Issues

The following Storm Wave Characteristics topics were identified by the TWG:

Critical — Topics 4 and 5, Sea and Swell for Open Atlantic/Gulf Coasts.

Available — Topic 5, Wave Generation in Sheltered Water; Topic 1, Wave Definitions.
Key issues are:

@ Workshop 2 considered whether the WIS database is adequate for Atlantic and Gulf or alternative
databases are necessary. The Technical Working Group determined that WIS, which was updated
recently, is adequate for wave data estimation for Atlantic and Gulf Coast. Use of other available
databases, such as Oceanweather’s Global Re-analysis of Ocean Waves (GROW) model, is not
necessary. Additionally, swell data are not important for hurricane conditions.

@ Instructions are needed on the appropriate use of the WIS database—such as whether to use 100-year
significant wave height or the 20-year maximum wave height in WHAFIS modeling.

Clarification is needed on the use of equivalent deep water wave height for runup computations.

For wave generation in sheltered waters with restricted fetch, SPM and ACES are used. The wind
speed inputs into SPM or ACES are 60 mph for northeaster-dominated areas and 80 mph for
hurricane-dominated areas. The appropriateness of these wind conditions should be analyzed based
on more recent information.

@ The Coastal Engineering Manual (CEM) has officially replaced SPM; however, CEM procedures for
restricted fetch need to be evaluated before accepting the procedures for the guidelines.

@ Definitions are needed in the G&S of waves in both the time domain and the frequency domain. Two
available resources are: CEM and the International Association of Hydraulic Research publication
entitled “List of Sea State Parameters”.
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@ Specific guidance is needed on how the wave-related terms apply to the coastal processes associated
with flood studies, methodologies, and models.

Recommended Approach

The recommended approach is to wait until the completion of Phase 2 work for the Pacific Coast for
Topic 5 (Wave Generation in Sheltered Water) before undertaking any revision to the G&S for the
Atlantic and Gulf Coasts. The remaining critical and available topics can be revised using available
references and information. The effort will be small in comparison to the storm wave characteristics
efforts for the Pacific Coast.

Currently Available Methods, Information, and Guidelines

The updated WIS database is available and recommended for use for both the Atlantic and Gulf open
coasts.

Applicability of Pacific Coast Guidelines

The following Pacific Coast work on Topic 5 (Sheltered Waters) will be directly applicable to the Atlantic
and Gulf coasts:

@ The recommendations from the Pacific Coast case study, which will compare results using CEM
procedures to results using SPM procedures for a restricted-fetch Pacific Coast site, can be adopted
for the Atlantic and Gulf Coast guidelines.

@ The recommendations from the case study, which will compare results from the Spectral Energy
Models (SEMs) and traditional Parametric Models using restricted fetch methods, can be adopted for
the Atlantic and Gulf. The study will clarify application procedures for the SEMs, specifically wind
field definition.

Recommended Future Development

@ The WIS database is recommended for use. Investigate the appropriateness of using either the
100-year significant wave height or the 20-year maximum wave height while modeling WHAFIS.

Clarify use of equivalent deep water wave conditions.
Clarify statistical methodologies for determination of the 1% annual chance event.

Develop guidelines on sheltered water based on Pacific Coast guidelines.

B B @ @

Incorporate standard wave related definitions from USACE CEM and 1986 International
Association for Hydraulic Research (IAHR) publication, "List of Sea State Parameters.”

& Provide specific guidance on use of wave related definitions for physical processes applicable to
coastal flood studies.
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STORM WAVE CHARACTERISTICS

Table 17

Storm Wave Characteristics Recommendations — Atlantic and Gulf Coasts

Topic
Number

Topic/Subtopic

Recommended Approach (Future Work)

4,5

Sea and Swell for
Open Atlantic and
Gulf Coasts

Investigate the appropriateness of using either the 100-year significant wave
height or the 20-year maximum wave height while modeling WHAFIS. Clarify
use of equivalent deep water wave condition. Clarify extrapolation to 100-year

Wave Generation
in Sheltered Water

Develop Guidelines on Sheltered Water based on Pacific Coast G&S.

Wave Definitions

Incorporate and refine the "Glossary of Coastal Terminology" directly from the
USACE CEM.

Incorporate and refine the five listings of notations and parameters in the 1986
International Association for Hydraulic Research publication, "List of Sea State
Parameters.”

Provide specific guidance on how wave related terms in the USACE and IAHR
sources relate to each other and how they should be applied relative to the
following: (1) FEMA guidance for coastal flood studies, (2) physical processes
that are directly associated with FEMA coastal hazard assessments and flood
mapping, and (3) required coastal hazard study methodologies

Prepare an application for Atlantic and Gulf Coast Guidelines
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WAVE TRANSFORMATION
Overview of Existing Guidelines

Wave Transformations are addressed in of the FEMA G&S in terms of overland travel (Sections D.2.6 -
2.6.4) and application of the WHAFIS model. This treatment is one-dimensional (defined by a profile),
and limited to shallow water breaking and dissipation processes. Dissipation due to propagation over
shallow areas and marsh plants is included. However, wave dissipation due to muddy bottoms has not
been included in WHAFIS. Wave refraction, diffraction and shoaling are not addressed, except in passing
references such as on page D-70: "Where land shelter or wave refraction may result in reduced incident
waves, it is appropriate to specify an initial significant wave height for the transect.” The emphasis of the
G&S is on depth-limited, shallow water propagation and dissipation, which is logical because these are
important issues in the Atlantic and Gulf Coasts.

Topics and Key Issues

The following Wave Transformation topics were identified by the TWG:

Critical — Topic 9, Wave Energy Dissipation Over Shallow, Flat Bottoms.

Important — Topic 10, Overland Wave Propagation; Candidate Improvements to WHAFIS.
Helpful — Topic 8, Wave Transformation With and Without Regional Models.

Key issues are:

(@ Wave Transformations are important processes that change wave characteristics when propagating
toward shore, generally from deep to shallow water, and are addressed as an intermediate step
between forcing processes (wave generation) and response processes (wave setup, wave runup, and
overtopping) in coastal flood studies.

@ Wave dissipation caused by bottom effects are not routinely considered in wave transformation
processes. Effects of wave energy dissipation in shallow water can result in reduced wave heights in
certain shorelines. Ignoring wave dissipation may lead to overestimates of flood hazard risk for
shorefront development. Study Contractors need guidance on when and where to apply bottom
dissipation mechanisms. Some guidance is available in the current G&S.

@ Overland wave propagation is common during extreme events in the Atlantic and Gulf Coasts.
FEMA-approved WHAFIS 3.0 is presently applied in FISs. Potential improvements to WHAFIS
have been identified (see Topic 10).

@ The emphasis of the G&S on depth limited shallow water propagation and dissipation may be logical
for the Atlantic and Gulf Coasts. However, it will be preferable to cross-reference new Pacific Coast
Wave Transformation guidelines because the Atlantic and Gulf Coast methods may not be
appropriate for all sites, including sheltered waters.
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Recommended Approach

The recommended approach to the Wave Transformation focuses on improvement of wave dissipation
and propagation modeling in Atlantic and Gulf Coast settings.

Applicability of Pacific Coast Guidelines

Pacific Coast work will be applicable to the Atlantic and Gulf for Topics 8 and 9:

fa

@

While focused on the Pacific Coast, the guidance on wave transformation will also be useful for
flood studies on the Atlantic and Gulf Coasts, especially since wave transformation methods are not
discussed elsewhere in the G&S. The wave transformation methods to be recommended are general
approaches applicable to all water bodies, and hence can be used for Atlantic and Gulf Coasts, as
well as sheltered waters. Guidance on the appropriate methods for a range of site conditions will also
be provided.

Guidance will also be developed for wave dissipation over shallow flats and marshes, which should
complement existing guidance.

Recommended Future Development

&  Write G&S to include a section on wave energy dissipation over shallow and flat bottoms.

@ Develop typical ranges for dissipation coefficients for a variety of bed and wave conditions to be
included in the G&S.

@ Categorize bed and wave conditions for U.S. coastlines. Revise G&S to provide dissipation
coefficients on a geographic basis; revise G&S to adopt the Suhayda (1984) or other appropriate
method.

@  Develop improvement to WHAFIS model

Table 18
Wave Transformation Recommendations — Atlantic and Gulf Coasts
Topic . .

Number Topic/Subtopic Recommended Approach (Future Work)

Wave Energy Write G&S to include a section on wave energy dissipation over shallow and

Dissipation over Shallow | flat bottoms;

Flat Bottoms Develop typical ranges for dissipation coefficients for variety of bed and wave
conditions to include in the G&S.
Categorize bed and wave conditions for US coastlines. Revise G&S to provide
dissipation coefficients on a geographic basis; revise G&S to adopt Suhayda
(1984) method.

10 Overland Wave Evaluate new methods to better represent vegetation effects, treatment of

Propagation, Candidate | elevated pile supported buildings

Improvements to Minor Effort — WHAFIS code changes for more user friendly program

WHAFIS Moderate Effort — more intense code changes for improvement in accuracy
and graphics (in WHAFIS)
Significant Effort - Revise WHAFIS to consider combined effects of damping
and wind action over each segment.

Overall Wave Cross reference Pacific Coast guidelines, and emulate important topics for

Transformation with and | Atlantic and Gulf Coasts.
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WAVE SETUP
Overview of Existing Guidelines

FEMA G&S are based on the 1984 USACE SPM. These results have been developed from laboratory
tests and wave theory and are applicable for beaches of uniform slope, although some guidance is given
for non-planar beach profiles. The guidance applies to the static wave setup at the shoreline, but does not
address dynamic wave setup. The G&S mention setup across reefs, but do not provide specific guidance.
The G&S also do not provide guidance on settings such as flooded barrier island and areas with
dissipative (e.g., muddy) bottoms.

Topics and Key Issues

Table 2 lists the topics identified by the Technical Working Group for Wave Setup for the Atlantic and
Gulf Coasts.

Critical — Topic 44, Better Define and Document; Topic 45, Compile Example Data and Perform Tests;
Topic 46, Develop Interim Method.

Important — Topic 47, Develop Ideal Method; Topic 48, Develop Procedure for Dynamic Wave Setup.
Key issues are:

(@ Under the action of irregular waves, wave setup consists of a static component and a dynamic
component, both of which can be substantial and are relevant to erosion and other storm-induced
hazards. The dynamic component is not considered in the present guidance.

&  The Atlantic and Gulf Coasts include a broad range of physiographic settings and procedures are
needed for each setting.

@ Considerations of inland excursion of static and dynamic setup, and wave setup variation over
flooded inland areas have been a challenge in some flood studies.

@ Wave setup has not been treated uniformly in previous flooding studies on the Atlantic and Gulf
(A&G) Coasts. It is estimated that approximately 40% of previous studies on the A&G coasts have
included wave setup in specification of the 1% annual chance storm surge. Wave setup can comprise
up to approximately 50% of the total 1% surge elevation in locations with narrow continental shelves
such as southeast Florida.

@ 1deally, wave setup will require specification of directional wave spectra as input at an offshore
location seaward of wave breaking.

(@ Wave setup is included, to some degree, in wave runup measurements and methods. It will be
necessary to separate these terms to avoid double counting of setup.

& There are two approaches for calculating wave setup: (1) The Boussinesq models which, in principle,
can calculate both wave setup and wave runup, and (2) Coupling of more conventional engineering-
based models.
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Recommended Approach

The recommended approach is generally similar to that for the Pacific Coast with the exception of
specification of the input wave characteristics. Because the wind-induced setup plays a more dominant
role on the Atlantic and Gulf Coasts, it is necessary to utilize a model that incorporates a wind field. This
same wind field could be used to generate waves. The method and G&S should include the same elements
as for the Pacific Coast. Interaction with other Focused Study groups will be essential throughout the
effort.

Currently Available Methods, Information and Guidelines

The general technology includes theory, a great deal of laboratory data, but very little quality field data—
are available. Challenges include selecting the most appropriate approach (Boussinesq or engineering-
based models). Current guidance is based on a depth-limited wave at the shoreline. Current guidance,
which is based on SPM procedures, should be retained until new methods are developed.

Applicability of Pacific Coast Guidelines

It is estimated that 60% of the work accomplished for the Pacific Coast will be applicable to Atlantic and
Gulf Coasts. As noted, the principal difference will be in the specification of the wave characteristics
upon which the setup will be based. In particular, the items that will be directly applicable are:

@  Intercomparison of Boussinesq models and comparison with data sets. Select Boussinesq or
engineering-based approach.

@ Develop and document engineering-based approach for wave setup modeling along open coasts and
in sheltered waters. With the exception of wave input, this item will be identical.

Compile potential data sources for testing.

Develop breaking zone model with particular emphasis on wave setup, proof test, compare with data
sets, refine, and write draft User’s Manual.

Recommended Future Development

The Atlantic and Gulf Coasts will benefit by the methods developed for the Pacific Coast and overall
insights gained in Phase 2 on related coastal processes such as wave runup. However, additional work on
Topics 44, 45, and 46 will be required to formulate guidance for Atlantic and Gulf Coast physiographic
settings.

For the ideal method, which would couple storm surge and wave setup in a single methodology, the
following additional tasks need to be undertaken:

@ Develop “ldeal Methodology” coupling storm surge and waves to calculate static wave setup

@  Develop modeling procedure for dynamic wave setup based on wave spectra
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Wave Setup Recommendations — Atlantic and Gulf Coasts
Topic . .
Number Topic/Subtopic Recommended Approach (Future Work)
44 A&G Coast Develop wave setup definitions with emphasis on A&G coast applications.
Definitions
45 Compile Data for Locate as much quality field data as possible for testing of

Testing

developed/selected approach(es).

Dynamic Wave Setup

46 Develop Engineering | Couple accepted engineering models for calculating wave setup across surf
Based Approach zone. Include procedure for dynamic wave setup.

46 Evaluate Boussinesq Intercompare at least three Boussinesq models and compare with data.
Models

46 Develop Breaking Evaluate candidate breaking zone models that allow specification of non-
Zone Model planar profile

47 Ideal Model for Static | Couple wave generation and wave setup model, allowing specification of
Wave Setup arbitrary tide.

48 Develop Model for Develop method based on directional and nonlinear spectrum as input.
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WAVE RUNUP AND OVERTOPPING
Overview of Existing Guidelines

Existing Guidance in Section D.2 calls for the use of the FEMA RUNUP 2.0 model, except for the case of
vertical/near-vertical barriers, where SPM methods are recommended. Section D.2 overtopping methods
are based on Owen (1980) and Goda (1985).

Topics and Key Issues

The following Wave Runup and Overtopping topics were identified by the TWG:
Critical — Topic 12, Use of Mean vs. Higher Values for Runup and Overtopping.
Available — Topic 13, Overtopping Volumes; Topic 49, WRUP™.

Important — Topic 11, Review Methods and Models.

Helpful — Topic 14, Wavecast Debris.

Key issues are:

(2 Runup tends not to control BFEs along the Atlantic and Gulf Coasts, except in New England and in
bluff areas (wave height and primary frontal dune criteria tend to control VE zone designations and
BFEs in low-lying and dune-backed areas).

@ Many effective Flood Insurance Studies were completed using the FEMA early runup model,
RUNUP 1.0. Substantial differences between the results of RUNUP 1.0 and 2.0 can exist, but the
magnitude and significance of these differences is currently unknown (few comparative studies have
been performed).

Recommended Approach

The recommended approach involves: 1) comparing RUNUP 1.0 and 2.0 results; 2) evaluating the use of
Rsoo; 3) adjusting RUNUP 2.0 results, where appropriate; 4) testing runup methods and models (first
priority is New England); and 5) evaluating overtopping and revising hazard zones.

Currently Available Methods, Information and Guidelines

Updated runup and overtopping methods, models and data exist.

Applicability of Pacific Coast Guidelines

Much of the Pacific Coast Phase 2 work will be applicable to the Atlantic and Gulf Coasts. However,
many tasks need to be repeated for the specific physiographic and hydrodynamic settings of the Atlantic
and Gulf Coasts. The applicable Phase 2 tasks are:

@ The evaluation of the R50% value on the Pacific Coast might also be applicable to Atlantic and Gulf
Coasts, but only approximate consistency between the coasts is expected. The relative importance of
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infragravity motions and dynamic wave setup on different coasts will preclude transferring Pacific
Rx% results (and adjustments to RUNUP 2.0) without additional testing on the Atlantic and Gulf.

Overtopping calculations, threshold rates, and mapping methods are expected to generally transfer to
the Atlantic and Gulf Coasts.

RUNUP 2.0 has been used extensively along the Atlantic and Gulf Coasts already, and any updated
guidance developed from the Pacific Coast work should serve to improve guidance in Section D.2.

Recommended Future Development

@

@

Perform detailed comparisons of wave runup and mapping using RUNUP 1.0 and 2.0. Determine
whether to adjust prior studies using RUNUP 1.0 or to restudy using RUNUP 2.0 (or other methods).

Analyze Atlantic and Gulf runup distributions, and compare with Pacific results for transfer of
appropriate Rx% level and any adjustments to RUNUP 2.0 results.

Conduct more comprehensive testing of wave runup methods and models, and identify appropriate
runup calculation procedures for a wide variety of shore types, profile characteristics, and incident
water level and wave conditions (same as Pacific).

Update procedures for calculating overtopping and ponding on low bluffs, with gently sloping or
adverse slopes (same as Pacific).

%
\/\\/\\/\ —_—
FEMA CoASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



WAVE RUNUP AND OVERTOPPING

FEMA INTERNAL REVIEW
NOT FOR DISTRIBUTION

RECOMMENDATIONS — ATLANTIC AND GULF COASTS
PHASE 1 SUMMARY REPORT

—————————— . —————

Table 20

Wave Runup and Overtopping Recommendations — Atlantic and Gulf Coasts

Topic

Number Topic/Subtopic Recommended Approach (Future Work)
No Topic Revise Guidance to | Revise guidance to describe use of ACES for runup and overtopping
number Reflect Current calculations (ACES is based on more recent procedures than SPM or RUNUP
assigned. FEMA Practice 2.0).
Revise guidance to clarify use of equivalent deepwater wave conditions with
RUNUP 2.0
12 RUNUP 1.0 vs. 2.0 | Perform detailed comparisons of wave runup using RUNUP 1.0 and 2.0.
Determine whether to adjust prior RUNUP 1.0 studies or to restudy using
RUNUP 2.0 (or other methods).
12 Evaluate Use of Review runup distributions and damages for Atlantic/Gulf beaches and
Mean Runup Value | structures, compare against Pacific.
Evaluate use of Rggos and select alternate Ry, value (probably between R33,
and R1gy,) if Rgge, understates observed hazard.
No topic Wave Setup Treatment of wave setup component (in FEMA’s current wave runup
number Component procedure) to be coordinated with Wave Setup study.
assigned.
11, 49 Conduct Compare results using simple methods versus numerical models, deterministic
Comparative and (event selection) versus statistical approaches.
Sensitivity Testing | Test runup methods and models — priority to be given to testing in New
of Runup Models England region.
and Methods Identify appropriate runup methods and models by location, morphology and
hydraulic conditions
13,14 Guidance for Maintain use of mean overtopping rate (cfs/ft, m/ per m)

Overtopping and
Wave Cost Debris

Evaluate recent data and methods

Apply Pacific results relative to damaging overtopping rates and FEMA hazard
zone thresholds

Evaluate wave-cast debris coincidence with overtopping

Coordinate with Hazard Zone study
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EVENT BASED EROSION
Overview of Existing Guidelines

FEMA guidelines (Appendix D) have not been updated since 1989 and focus primarily on the effects of
extreme hurricanes and northeasters. They do not provide specific guidance for assessing event-based
erosion (storm-induced erosion) in sheltered waters, or non-sandy beach and coastal dune areas; and
provide only a simplified empirically based geometric relationship (the 540 Criterion) for erosion
assessments along the Atlantic and Gulf open coasts. Existing event-based erosion (EBE) procedures do
not account for beach materials with different erodibilities, for storms with different durations, or for dune
overwash processes.

Topics and Key Issues

Table 2 lists the topics identified as necessary to improve current guidelines and/or develop new
guidelines related to event-based erosion.

Critical — Topic 33, Add Discussions to G&S Regarding Limitations of Geometric Methods for
Cobble/Shingle Beaches; Topic 35, Add Discussions to G&S Regarding Erosion Assessments in
Sheltered Water Areas.

Available — Topic 31, Add Discussions to G&S Regarding Bluff Erosion; Topic 32, Develop Geometric
Method for Bluff Erosion; Topic 41, Discuss Long-term Erosion/Future Conditions; Topics 42
and 43, Treatment of Nourished Beaches.

Important — Topic 34, Develop Geometric Methods for Cobble/Shingle Beaches; Topic 36, Review
Data and Develop Geometric Methods for Sheltered Water Areas; Topic 37, Expand Database
and Re-evaluate Aspects of 540 Criterion; Topic 38, Assess and Develop Process-Based
Methods.

Helpful — Topic 39, “Primary Frontal Dune Definition,” was moved to the Hazard Zones Focused Study;
Topic 40 Documentation of Observed Vertical Erosion Depths for “Depth-Damage”
Assessments).

Key issues are:

(@ Guidance for evaluating EBE remains unchanged since 1989 and focuses primarily on effects of
extreme storms (hurricane or northeasters) along the Atlantic and Gulf Ccoasts, with a modified
approach for the Great Lakes Coasts.

(@ Beach material properties, coastal erosion processes, and storm characteristics found along the north
Atlantic Coast may differ significantly from those along the south Atlantic, Gulf, or Great Lakes.

. The main erosion related factors affecting beach profiles are: (1) the forcing processes that include
the duration and time histories of the wave characteristics, water levels, and runup; and (2) the
response elements that include the physiographic setting and the beach and dune/bluff
characteristics, including material erodibility.
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@ Refinement to Atlantic and Gulf Coast G&S and new G&S should have the same fundamental
structure as the Pacific Coast G&S to be developed that includes: (1) physiographic and geomorphic
setting, (2) sediment characteristics across the active profile, (3) the effects of time histories of storm
wave and tide characteristics, and (4) local or regional oceanic or topographic characteristics that
may affect the study area. Consideration of this common structure will ensure that event-based
erosion assessments will be consistent for all applications.

& The eroded beach profile that exists during the base event is needed to calculate the 1% annual
chance flood elevation. Present guidelines do not specifically account for event duration, different
beach materials, or dune overwash processes.

fa

Existing G&S can be improved by better defining “storm induced erosion” or event-based erosion
and discussing different approaches for assessing beach and back beach profile changes caused by
erosion on all coasts of the United States.

@

Process-based numerical models (1-D and 2-D, steady and unsteady) may provide improved means
for assessing event-based erosion in the future. Reliable numerical procedures are not presently
available for general applications in Flood Insurance Studies.

Guidance for evaluating erosion of cobble/shingle beaches is needed.
Guidance for evaluating erosion of sandy and non-sandy bluffs and cliffs is needed.
Guidance for evaluating erosion within sheltered water areas is needed.

Present G&S provide no specific guidance on how to address beach nourishment projects.

2 @ @B @ @

The 540 Criterion is based on limited data from which the erosion-frequency relationship and
median value trigger for dune removal were developed. Those data and criteria may need updating.

Recommended Approach

Initially, the G&S should be updated using more current and available reference materials and
information to address topics presently covered in the G&S. Future G&S for the Atlantic and Gulf Coasts
should be expanded to include new information and improved alternative methods discussed or
referenced in the Focused Studies. New methods being developed for the Pacific Coast may provide
additional insight and useful information in the following three categories and levels of effort: (1)
developing eroded profiles based on available historical mapping, LIDAR data, and photographs, (2)
profiles based on simplistic empirical methods (other than the 540 Criterion), and (3) discussions of
future methods to develop profiles using process-based (steady and unsteady) models.

Currently Available Methods, Information, and Guidelines

More recent information (than is provided in the present G&S) on Event Based Erosion processes and
evaluation procedures are available. See appended Event-Based Erosion Focused Study for discussions
of sheltered water areas, cobble/shingle beach processes, insights on process-base modeling methods, and
discussions on erosion processes for different physiographic settings.
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Applicability of Pacific Coast Guidelines

Approaches and insights adopted from Pacific Coast Phase 2 work on the following topics may be helpful
to the Atlantic and Gulf Coasts:

@

fiz)

(@

@

fig)

Simplified geometric models (their basis and limitations).

Interim approach for assessing bluff and cliff erosion

Interim approach for assessing gravel, cobble and shingle beach and dune erosion
Interim methods for erosion assessments in sheltered water areas

Guidance on information needed to assess special cases of beach nourishment (as an exception to
existing FEMA policy).

Recommended Future Development

@

Provide discussion of gravel, cobble, and shingle beaches, and dune erosion in different settings to
distinguish this type of erosion hazard from other erosion processes; provide examples, figures and
definitions; explain limitations of existing 540 Criterion for application to this type of erosion and
beach material characteristics

Develop new methods and G&S for sheltered water areas

Describe bluff and cliff erosion; explain limitations of existing 540 Criterion for application to this

type of erosion process; develop methods for assessing bluff and cliff erosion in different coastal
settings

Evaluate whether nourished beaches affect hazard zone delineations and BFEs

Develop methods (geometric or process-based) for assessing gravel, cobble, and shingle beach and
dune erosion

Expand data sets and review erosion-frequency relationship and median value trigger for dune
removal upon which the 540 Criterion is based

Develop suite of process-based models for general coastal erosion assessments in different settings,
including dune overwash processes
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Table 21
Event Based Erosion Recommendations — Atlantic and Gulf Coasts

NL(;?tI)Zr Topic/Subtopic Recommended Approach (Future work)

33,34 Gravel, cobble, | Review available literature and reporting; improved G&S language and descriptions
and shingle for Atlantic and Gulf coasts to distinguish gravel, cobble and shingle beach and
beach and dune | dune erosion from other processes; provide figures and examples.
erosion (1) Perform case studies to test and develop new geometric methods for cobble

beaches, (2) Test process based methods, (3) Develop new G&S.

35, 36 G&Sin Improve G&S with definitions and discussion of characteristics of sheltered water
Sheltered Water | areas and the types of morphology, material types and wave characteristics unique
areas to sheltered water areas. Recommend interim G&S based on historical beach

profiles and field observations.
(1) Conduct pilot studies, (2) Test process-based methods, (3) Develop new G&S
for sheltered water areas

31,32 Bluff and CIiff Review available literature and reporting; improve G&S language and descriptions
Erosion for Atlantic and Gulf Coasts to distinguish bluff and cliff erosion from other

processes; provide figures and examples.

(1) Review existing bluff erosion procedures and international literature, (2)
Develop geometric procedures for bluff and cliff erosion and retreat, (3) Consider
development and use of process-based numerical/statistical modeling methods for
future inclusion in the NFIP program.

41 Long - Term This topic is considered important to NFIP, but FEMA action on previous work is
Erosion pending. Therefore, guidance is best developed by FEMA in the future.

42,43 Nourished Recommend modifying G&S to direct Study Contractors to follow a procedure to
Beaches notify FEMA that the study area includes beach nourishment project. Provide

FEMA with a list of information needed to assess special cases where beach
nourishment may be considered in determining hazard zones and BFEs (exception
to existing FEMA policy).

Conduct research and case studies to determine whether beach nourishment is likely
to have an effect on hazard zone designations of BFEs.

37 Clarify Clarify limitations of 540 Criterion regarding its application to different types of
Applicability coastal settings and material types. Discuss limitations of geometric methods versus
and Limitations | process-based methods.
of 540 Criterion | For the 540 Criterion: (1) Expand data base, (2) Define erosion area-frequency

relationship, (3) Review use of median value trigger for dune removal.

38 Physics and Describe differences and advantages between “geometric” and “process-based”
Process-Based EBE methods. Interim methods: continue to use 540 Criterion for Atlantic and Gulf
Methods Coasts where applicable; use most documented post-storm beach and dune profiles

for areas where 540 is not applicable.

(1) Further develop and test process-based models; (2) Develop method to include
randomness of storm wave heights and tides and their coincident occurrence; (3)
Develop and test process-based methods and prepare G&S for process-based
erosion assessment of (a) coastal bluffs fronted by narrow beaches and (b) sandy
and non-sandy beaches and dunes, including dune overwash.

40 Document Document depths of erosion following storm events and maintain data for depths of
Vertical Depths | erosion and damages to buildings in order to better determine “depth-damage”
of Erosion relationships.
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COASTAL STRUCTURES
Overview of Existing Guidelines

Existing Guidance in Section D.2 calls for the evaluation of structures to determine whether they will
survive the 1% annual chanceflood event; the guidance references CERC TR 89-15 for evaluation
criteria, but states study contractors should consider available documentation and performance
information (i.e., use engineering judgment) as well.

Topics and Key Issues

The following Coastal Structures topics were identified by the TWG:

Available — Topic 25, Review G&S language regarding 89-15; add new procedure for flood hazard
modeling in the presence of coastal structures; Topic 21, Clarify guidance for dealing with failed
structures during base flood; Topic 23, Add G&S language that buried structures are to be
evaluated; Topic 27, Review and clarify G&S and regulations regarding treatment of coastal
levees and structures; Topic 24, Review 89-15 and other literature for tsunami failure information
and guidance — of some importance on South Atlantic and Gulf Coasts.

Helpful — Topic 22, Investigate configuration of failed structures; Topic 26, Review data on, and add to
G&S, effects of structures on flood hazards on adjacent properties, flooding/waves behind
structures via adjacent properties; and a portion of Topic 27, Review and revise TR-89-15
evaluation criteria.

Key issues are:

(@ Coastal structures can modify flood levels, wave effects, and topography, both landward of, seaward
of, and adjacent to the structures, and must be considered during the mapping of coastal flood
hazards. Two scenarios are commonly encountered: structures and their effects are analyzed during
Flood Insurance Studies; and structures frequently serve as the basis for revisions to FIRMs.

@ FEMA G&S can be improved by expanding or adding discussions on coastal structure failure, buried
structures, and the effects of structures.

@ The effects of structures can be divided into two categories: effects on erosion and effects on flood
conditions. Two scenarios are important for each: (1) the effects of structures on adjacent properties;
and (2) the effects on property immediately landward (and seaward) of a structure.

(@ Guidance for evaluating coastal structures has been largely unchanged since publication of the
USACE report CERC TR 89-15 in 1989. The evaluation criteria need to be reviewed considering
more recent information. Revisions may or may not be warranted.

Guidance needs to clearly state that study contractors are not required to use CERC TR 89-15.

Guidance on the evaluation of coastal structures in tsunami-prone areas is needed.
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@ FEMA G&S call for structure “removal” from subsequent flood hazard analyses in the event that a
structure fails (i.e., does not survive the base flood event), but guidance on uncertified structure
removal should be expanded and revised. More importantly, the configuration of a failed structure
can affect wave runup and overtopping calculations. A method to address uncertified structures, used
in a recent Pacific Coast flood study (by PWA), has been modified by the Focus Study and is
recommended for use.

@  Coastal structures and levees are sometimes treated differently, and those differences should be
justified or eliminated. The G&S should address coastal levees.

@ FEMA G&S were written primarily considering seawalls, bulkheads, revetments, and do not address
the effects of other structures types (e.g., jetties, groins, breakwaters). While treatment of these other
structures is needed, it is deemed a lower priority than revising the guidance related to seawalls,
bulkheads, revetments and levees.

Recommended Approach

The recommended approach is to revise the G&S using available references and information. The effort
will be modest by comparison with some of the other Focus Study topics.

Currently Available Methods, Information and Guidelines

Updated information on coastal structure evaluation and criteria are available. See Coastal Structures
Focused Study report.

Applicability of Pacific Coast Guidelines

Pacific coast work will be directly applicable to the Atlantic and Gulf coasts on five topics:

@ Buried structures and failed structure configurations (including progressive collapse of revetments).
@ Treatment of failed (“removed”) structures for wave height and runup analyses.

@ Investigation of structure effects on erosion and flood hazards.

@ Consistency in treatment of coastal structures and coastal levees.

(@ Evaluating structures in tsunami-prone areas.

Recommended Future Development

(@ Revise/update CERC TR 89-15 coastal structure evaluation criteria.

@, In addition to the current structural criteria, develop minimum structure dimensions (e.g., length,
return wall length) necessary to receive mapping credit during Flood Insurance Studies and flood
map revisions.

@ Revise guidance to consider jetties, groins and breakwaters.
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COASTAL STRUCTURES

Table 22
Coastal Structures Recommendations — Atlantic and Gulf Coasts
Topic . .
Number Topic/Subtopic Recommended Approach (Future work)

26 Jetties, Groins, | Develop criteria/guidance for evaluating failure of other structure types, and the
Breakwaters effects of these failures on mapped flood hazards

26 Minimum Determine minimum structure dimensions necessary to receive mapping credit
Structure during FIS and revisions to FIRMs
Dimensions

27 Structure Review CERC TR 89-15 considering more recent data on structure stability and
Evaluation failure; revise structure evaluation criteria.
Criteria

!
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SHELTERED WATERS
Overview of Existing Guidelines

Appendix D.1 through D.2 of the existing G&S are generally written to provide guidance for coastal flood
studies along the open coasts of the Atlantic Ocean and Gulf of Mexico. Several references to sheltered
water areas are made in these G&S, but detailed guidance is not provided. G&S for the Great Lakes
regions are provided in Appendix D.3, but may not be applicable for general application to smaller shelter
water areas with limited fetch.

Topics and Key Issues

The following Sheltered Waters topics were identified by the TWG:

Critical — Topic 6a, Definitions and classifications; Topic 6b, Prepare guidance for developing validation
data from historic events; Topic 6d, Define 1% annual chance flood event in SW; Topic 6e,
Guidance for estimating Stillwater elevations; Topic 6h, Coordinate/integrate SW guidelines with
other Focused Studies and other Map Mod objectives.

Key issues are:

@ The existing G&S are generally written to provide guidance for coastal flood studies along the open
coasts of the Atlantic Ocean and Gulf of Mexico. Several references to sheltered water areas are
made in these guidelines, but detailed guidance is not provided.

2 Sheltered waters are water bodies with shorelines that are not subjected to the direct action of
undiminished ocean waves. Although similar processes contribute to flooding along sheltered water
shorelines as along open coastlines, such as wave setup, runup and overtopping, there are several
aspects of sheltered water flood hazards not addressed in the current G&S. Additional guidance is
needed.

@ \Wave generation and transformation in SW are typically limited by an open water fetch distance,
complex bathymetry and often the presence of structures. A sheltering effect typically reduces wave
energy and flood potential compared to open coast areas; however, wave runup and overtopping
along SW shorelines may present additional hazards from wave-cast debris and backshore flooding.

@ Wave-cast debris from extreme wave runup and overtopping can be especially problematic, owing to
the proximity to fluvial sources of such materials in many estuaries.

@ SW areas often have unique flood hazards due to the effects of fluvial drainages, modified tidal and
surge hydrology, and relatively strong tidal currents.

@, Other unique flood-related characteristics include the complex geometry of the embayments, non-
coincidence of peak storm surge with peak winds, shallow water and restricted wind fetches for
wave growth, and non-sandy shoreline types with special erosion and scour hazards.

@  Appendix D.2.2.7 states the “analysis of restricted fetches” in “sheltered coastal sites” is addressed in
the existing guidelines and the ACES software is referred to; however, more specific guidance is
needed on how to apply this software to fetch-limited conditions.
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@ Appendix D.2.5.5 addresses wave runup and overtopping on shoreline barriers where overtopping
flows discharge across landward-dipping or level backshore slopes to a “bay, river, or backwater”.
These situations are prevalent in SW areas. Additional guidance is needed.

@  Appendix D.1.2.4 states “Methods by which barriers, inlets and rivers have been treated” are
required in documentation of the hydrodynamic storm surge model. However, no guidance is
provided for methods to consider modeling for sheltered waters.

(&

New guidelines are needed to inform and guide Mapping Partners in the preparation of coastal flood
insurance studies and flood hazard maps in sheltered water areas of the coastal floodplain.

Recommended Approach

The recommended approach is identical to that for the Pacific Coast. A separate section on Sheltered
Waters is recommended for the Pacific Coast G&S as well as the Atlantic and Gulf Coast Guidelines to
direct Mapping Partners to pertinent guidance found elsewhere in the G&S and readily available
literature. This section will also provide specific new information and guidance for assessing flood
hazards in Sheltered Waters.

Currently Available Methods, Information and Guidelines

&  Many FEMA-approved coastal flood insurance studies have been completed in sheltered waters
located along the Atlantic and Gulf Coasts.

@ The USACE has published a guide for local officials for use in planning shoreline erosion
management and mitigation projects in sheltered waters.

@ Other information describing the physical setting, physical processes and coastal flood hazards in
sheltered waters along the Atlantic and Gulf Coasts is available on the Internet and through other
public sources. See appended Focused Study on Sheltered Waters for discussions of key coastal
flooding assessment topics, known procedures, and recommended sources of information.

Applicability of Pacific Coast Guidelines

Work completed for the Pacific Coast will be applicable to the Atlantic and Gulf Coasts on three topics:

@ Provide general definitions, examples, and develop a classification method and general approach for
conducting sheltered water studies versus open coast studies. This will serve as a framework and
generalized approach for Mapping Partners to follow when conducting coastal flood hazard
assessments.

@ Prepare general guidance for documenting and using high water marks to reconstruct historic flood
conditions to validate flood study results.

@  Prepare guidelines that comply with other related FEMA Map Modernization objectives and multi-
hazard planning initiatives.

The Phase 2 Sheltered Waters work for the Pacific Coast G&S will involve collaboration and
coordination with other Focused Study groups on related sheltered water “Critical” topics listed in the

5
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summary table for the Atlantic and Gulf Coasts. Technical references, some data, and general procedures
should be applicable to Atlantic and Gulf Sheltered Water areas.

Recommended Future Development

The characteristics and physics of wave runup and overtopping are fundamentally the same on the
Atlantic and Gulf Coasts as they are on the Pacific Coast. However, the physical setting, the magnitude,
seasonal frequency, and direction of regional storm systems that lead to high stillwater elevations and
wave action that combine to generate flood hazards can be very different on the coasts. Several of these
coastal differences should be addressed in the remaining two sheltered water topics:

@.  Prepare guidance specific to defining the 1% annual chance flood event involving dependent and
independent joint probability occurrences of riverine and tidal flooding in sheltered water areas and
expand guidance on wind data acquisition and analysis and fetch-limited wave forecasting in
sheltered waters.

@ Prepare guidance for estimating stillwater elevations in ungaged sheltered waters bodies and
evaluating the effects of tidal and riverine currents on wave propagation in sheltered waters.

Table 23

Sheltered Waters Recommendations — Atlantic and Gulf Coasts

Topic

Number Topic/Subtopic Recommended Approach (Future work)

6a Definitions and Provide definitions, examples, and develop a classification method for sheltered
Classification water studies.

6b Flood Event Prepare general guidance for documenting and using high water marks to
Reconstruction reconstruct historic flood conditions.

6d Combined Tidal- | Prepare guidance specific to defining the 1% annual chance flood event involving
riverine 1% riverine and tidal flooding and expand guidance on wind data acquisition and
Annual Chance analysis and fetch-limited wave forecasting.
Event Assessment

6e Stillwater Prepare guidance for estimating stillwater elevations in ungaged sheltered water
Estimation bodies and evaluating the effects of tidal and riverine currents.

6h Hazard Mitigation | Prepare general guidance for Mapping Partners to coordinate the preparation of
Coordination coastal studies with other hazard mitigation activities.

6h Focused Study Collaborate/coordinate with other Focused Study groups to address sheltered

Coordination

waters Critical topics found in other Focused Studies.
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HAZARD ZONES

Overview of Existing Guidelines

FEMA G&S (Section D2.7) contains requirements for depicting the results of the hazard analyses on the
FIRMs. In Section D.2.7.2, “Identification of Flood Insurance Risk Zones,” is an overview of the various
hazard zone mapping criteria for zones VE, AE, AO, AH, and X, considering the combined effects of
storm-induced erosion, wave height, wave runup, wave overtopping, primary frontal dunes, and coastal
flood protection structures. The G&S also includes a series of examples that represent common flood

hazard zone mapping scenarios based on transects.

Topics and Key Issues

The following Hazard Zones topics were identified by the TWG:

Critical — Topic 39, Definition of the primary frontal dune; Topic 17, Several sub-topics related to

delineation of VE Zone limits, including BFE transitions, use of VO Zones, wave overtopping,
wave-cast debris hazards, and use of the primary frontal dune definition.

Available — Topic 19, Determination of combined probabilities and mapping for areas subject to both

coastal and riverine flood sources).

Important — Topic 18, Several sub-topics related to the appropriateness of existing VE and AE Zones.

Key issues are:

@

The definition of primary frontal dune (PFD) is “where there is a distinct change from a relatively
steep slope to a relatively mild slope” in 44 CFR 59.1. The definition does not provide a quantitative
method for establishing the landward limit of the PFD, yet it has significant influence on hazard zone
delineation (see below). The PFD definition and delineation also has implications for floodplain
management because dune areas within a VE Zone are protected under 44 CFR 60.3(e)(7).

Coastal high hazard zones are defined in 44 CFR 59.1 to include the area up to the landward limit of
the PFD along open coasts. In practice, this definition frequently dominates the determination of the
VE Zone boundary. An improved definition or quantitative methodology is needed to improve
consistency in hazard zone delineation.

The use of the PFD definition for VE Zone mapping may cause areas that are subject to significantly
different levels of flood risk to be mapped in a single VE Zone. The seaward portion may be subject
to inundation by active coastal processes during the base flood (erosion, wave height, wave runup,
and wave overtopping). The landward portion may be subject to a lower level of risk, but is included
solely on the basis of the PFD limit defined by topography.

Transitions in the BFEs are frequently abrupt where the PFD definition is used to establish a VE
Zone limit, and the AE Zone behind the PFD has a much lower computed BFE. Improved

N i
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procedures are needed to accurately relate mapped BFEs to flood risk. Alternative procedures for
mapping the transition in BFEs or alternative flood hazard zone delineations may be advisable.

]

iz

The wave overtopping criteria presently used in VE Zone hazard mapping require expansion and
review to evaluate threshold rates, the extent of the mapped zones, and the potential for use of VO
Zones to more accurately reflect actual hazards landward of overtopped dunes, coastal ridges, and
shore protection structures. This is particularly applicable to the Northeast Atlantic Coast, where
flood hazard zones may be dominated by wave runup and overtopping, and wave-cast debris is a
significant hazard.

fi

@  Coastal Special Flood Hazard Areas (SFHAS) on the Atlantic and Gulf Coasts may be quite broad
with many subdivided hazard zones and BFEs. These areas are subject to significant overland wave
propagation (primarily in Mid- to South-Atlantic and entire Gulf Coast). A review is needed to
determine the feasibility of subdivision of the coastal AE Zone SFHA into two portions: (1) a
seaward portion exposed to direct flood and wave effects from a principal flood source, to be
regulated as a Coastal A Zone (similar to VE Zone regulations): and (2) a more landward portion of
the AE Zone where wave effects are reduced and VE Zone regulations are not needed.

@ A methodology is needed for determining and mapping flood hazard areas where coastal flooding
intersects and combines with a riverine flood profile. Previous FEMA guidance should be reviewed
for this condition.

Recommended Approach

The overall recommended approach is identical to that for the Pacific Coast — revise the G&S using
available references and information. There may be some limited use and application of primary frontal
dune VE Zone identification and mapping criteria on the Pacific Coast.

Currently Available Information, Methods, and Guidelines

@ The Massachusetts Coastal Zone Management (MA CZM) division has developed an improved
methodology for automating the identification and mapping of the landward limits of the primary
frontal dune VE Zone. This method is available and could be reviewed for potential use in other
coastal areas.

@ Existing guidance on Coastal A Zones are not available, but other published material helps to
establish the need and possible regulatory enforcement options of the Coastal A Zone.

Applicability of Pacific Coast Guidelines

The four main items for Phase 2 work on the Pacific Coast (see recommended approaches in the Hazard
Zones Focused Study) are also applicable to the Atlantic and Gulf Coasts. The following items could be
based largely on Phase 2 work for the Pacific Coast, with revisions to extend their applicability to the
Atlantic and Gulf coasts:

(@ Establish improved procedures for establishing the landward limit of the PFD, and develop guidance
to better map the BFE transition between PFD-dominated VE Zones and landward SFHA hazard
Zones.

N
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HAZARD ZONES

Establish procedures (hazard identification and mapping) to better utilize VO Zones for severe wave
overtopping areas where VE Zones have limited use and application.

Establish procedures for identifying and mapping hazard zones for wave overtopping and wave-cast
debris hazards, primarily a concern in the Northeast Atlantic region.

Review the 1982 FEMA (Tetra Tech) or revised/new guidance on how to conduct the technical
assessment and mapping of combined coastal-riverine areas for adoption into the G&S .

Recommended Future Development

@ Provide further technical guidance in the G&S to clarify the PFD mapping criteria.
& Consider adoption of new quantitative methodologies for identification and mapping (e.g., MA
CZM).
@  Prepare technical bulletins for clarification of proposed revisions to VE Zones, AE Zones, and new
criteria for VO Zones.
Investigate and develop Coastal A Zone criteria (wave and erosion damage).
@ Develop new Coastal A Zone guidance and apply new concepts in a case study area.
Table 24
Hazard Zones Recommendations — Atlantic and Gulf Coasts
Topic . .
Number Topic/Subtopic Recommended Approach (Future Work)
39 Primary Frontal | Prepare an improved and refined definition of the PFD slope transition as revision
Dune VE Zone | to NFIP regulations, and provide further technical guidance in G&S to clarify the
PFD mapping criteria through a case study (e.g., Lewes, DE)
Consider adoption of quantitative methodologies and procedure for identification
and mapping of the PFD landward limit (heel) slope criteria (e.g., MA CZM use of
LIDAR and GIS automated methods)
18 Coastal A Zone | Investigate and develop Coastal A Zone criteria (wave and erosion damage) and
Hazard Zone procedures for application within the NFIP;
Develop an annotated bibliography of related research and papers to support new
guidance for Coastal A Zones;
Apply new concepts in a case study area.
18 Hazard Zone Prepare technical bulletins for clarification of proposed revisions to VE Zones, AE
Technical Zones, and new VO Zones related to hazard identification, Special Flood Hazard
Bulletins Mapping and floodplain management.
19 Comb'!‘ed. Develop mapping standards to clearly identify this hazard zone. Develop alternate
Coastal-Riverine ISP
Z0nes methods for identification of hazard zone.
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SUMMARY OF RECOMMENDATIONS — ATLANTIC AND GULF COASTS

For ease of reference, all of the topics and all of the categories have been combined in the following table.

Table 25

SUMMARY OF ATLANTIC AND GULF COAST RECOMMENDATIONS

Topic . .
Number Topic/Subtopic Recommended Approach (Future Work)
STORM METEOROLOGY RECOMMENDATIONS — ATLANTIC AND GULF COASTS
51 Tide and Surge Develop guidelines for the combination of surge and tide, including examples
Combination drawn from past studies (with consideration of FEMA surge studies,
ADCIRC/EST, and the FL-DEP Monte Carlo method)
51 Surge/Riverine Prepare recommendations for the statistical combination of surge and a riverine
Combination runoff profile, with consideration of non-independence of the processes; see also
Topic 19 of the Hazard Mapping Focused Study for simple mapping suggestions
50 Storm Surge Apply/Compare methodologies (JPM, EST, Monte Carlo) using a common
Frequency hydrodynamic model and storm data set
Analysis
50 Storm Parameters Review and evaluate available sources of storm parameters used in storm surge
for Surge modeling, including NWS 38, HURDAT, and other databases
Modeling
50 Storm Wind Fields | Review best available data regarding wind fields and compare with fields used in
storm surge models; recommend the most appropriate models for FIS use
(tropical storms, northeasters)
50 Wind Stress Review best available data for wind stress and compare with formulations used in
Formulation storm surge models; recommend the most appropriate formulation for FIS use
STILLWATER RECOMMENDATIONS — ATLANTIC AND GULF COASTS
53 General Based on the existing literature, describe the use of surge models applicable to
Considerations for | Atlantic and Gulf Coasts and the factors that require consideration in performing a
Surge Modeling study.
53 Surge Modeling Develop statistical procedures to assess the performance of the FEMA surge
Global Calibration | models through the consideration of global experience on all coasts.
53 Regional Surge Develop guidance for large scale regional surge modeling.
Modeling
STORM WAVE CHARACTERISTICS RECOMMENDATIONS — ATLANTIC AND GULF COASTS
4,5 Sea and Swell for | Investigate the appropriateness of using either the 100-year significant wave
Open Atlantic and | height or the 20-year maximum wave height while modeling WHAFIS. Clarify
Gulf Coasts use of equivalent deep water wave condition. Clarify extrapolation to 100-year
5 _Wave Generation Develop Guidelines on Sheltered Water based on Pacific Coast G&S.
in Sheltered Water
1 Wave Definitions | Incorporate and refine the "Glossary of Coastal Terminology" directly from the

USACE CEM.

Incorporate and refine the five listings of notations and parameters in the 1986
International Association for Hydraulic Research publication, "List of Sea State
Parameters.”

Provide specific guidance on how wave related terms in the USACE and IAHR
sources relate to each other and how they should be applied relative to the
following: (1) FEMA guidance for coastal flood studies, (2) physical processes
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that are directly associated with FEMA coastal hazard assessments and flood
mapping, and (3) required coastal hazard study methodologies
Prepare an application for Atlantic and Gulf Coast Guidelines

WAVE TRANSFORMATION RECOMMENDATIONS — ATLANTIC AND GULF COASTS
9 Wave Energy Write G&S to include a section on wave energy dissipation over shallow and flat
Dissipation over bottoms;
Shallow Flat Develop typical ranges for dissipation coefficients for variety of bed and wave
Bottoms conditions to include in the G&S.
Categorize bed and wave conditions for US coastlines. Revise G&S to provide
dissipation coefficients on a geographic basis; revise G&S to adopt Suhayda
(1984) method.
10 Overland Wave Evaluate new methods to better represent vegetation effects, treatment of elevated

Propagation,

pile supported buildings

Candidate Minor Effort — WHAFIS code changes for more user friendly program
Improvements to Moderate Effort — more intense code changes for improvement in accuracy and
WHAFIS graphics (in WHAFIS)
Significant Effort - Revise WHAFIS to consider combined effects of damping and
wind action over each segment.
8 Overall Wave Cross reference Pacific Coast guidelines, and emulate important topics for
Transformation Atlantic and Gulf Coasts.
with and without
Regional Models
WAVE SETUP RECOMMENDATIONS — ATLANTIC AND GULF COASTS
44 A&G Coast Develop wave setup definitions with emphasis on A&G Coast applications.
Definitions
45 Compile Data for Locate as much quality field data as possible for testing of developed/selected
Testing approach(es).
46 Develop Couple accepted engineering models for calculating wave setup across surf zone.
Engineering Based | Include procedure for dynamic wave setup.
Approach
46 Evaluate Intercompare at least three Boussinesq models and compare with data.
Boussinesq Models
46 Develop Breaking | Evaluate candidate breaking zone models that allow specification of non-planar
Zone Model profile
47 Ideal Model for Couple wave generation and wave setup model, allowing specification of arbitrary
Static Wave Setup | tide.
48 Develop Model for | Develop method based on directional and nonlinear spectrum as input.
Dynamic Wave
Setup
WAVE RUNUP AND OVERTOPPING RECOMMENDATIONS — ATLANTIC AND GULF COASTS
No Topic | Revise Guidance to | Revise guidance to describe use of ACES for runup and overtopping calculations
number Reflect Current (ACES is based on more recent procedures than SPM or RUNUP 2.0).
assigned. | FEMA Practice Revise guidance to clarify use of equivalent deepwater wave conditions with
RUNUP 2.0
12 RUNUP 1.0 vs. 2.0 | Perform detailed comparisons of wave runup using RUNUP 1.0 and 2.0.

Determine whether to adjust prior RUNUP 1.0 studies or to restudy using

RUNUP 2.0 (or other methods).
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12 Evaluate Use of Review runup distributions and damages for Atlantic/Gulf beaches and structures,
Mean Runup Value | compare against Pacific.
Evaluate use of Rggo4 and select alternate R,q, value (probably between R3304 and
R109%) if R50o4 understates observed hazard.
No topic | Wave Setup Treatment of wave setup component (in FEMA’s current wave runup procedure)
number Component to be coordinated with Wave Setup study.
assigned.
11,49 Conduct Compare results using simple methods versus numerical models, deterministic
Comparative and (event selection) versus statistical approaches.
Sensitivity Testing | Test runup methods and models — priority to be given to testing in New England
of Runup Models region.
and Methods Identify appropriate runup methods and models by location, morphology and
hydraulic conditions
13,14 Guidance for Maintain use of mean overtopping rate (cfs/ft, m/ per m)
\(/)vvertogpln%argd. Evaluate recent data and methods
ave Cost Debris Apply Pacific results relative to damaging overtopping rates and FEMA hazard
zone thresholds
Evaluate wave-cast debris coincidence with overtopping
Coordinate with Hazard Zone study
EVENT BASED EROSION RECOMMENDATIONS — ATLANTIC AND GULF COASTS
33,34 Gravel, Cobble and | Review available literature and reporting; improved G&S language and
Shingle Beach & descriptions for Atlantic and Gulf Coasts to distinguish gravel, cobble, and
Dune Erosion shingle beach and dune erosion from other processes; provide figures, and
examples.
(1) Perform case studies to test and develop new geometric methods for cobble
beaches, (2) Test process based methods, (3) Develop new G&S.
35, 36 G&S in Sheltered Improve G&S with definitions and discussion of characteristics of sheltered water
Water Areas areas and the types of morphology, material types and wave characteristics unique
to sheltered water areas. Recommend interim G&S based on historical beach
profiles and field observations.
(1) Conduct pilot studies, (2) Test process-based methods, (3) Develop new G&S
for sheltered water areas
31, 32 Bluff and cliff Review available literature and reporting; improve G&S language and
erosion descriptions for Atlantic and Gulf Coasts to distinguish bluff & cliff erosion from
other processes; provide figures and examples.
(1) Review existing bluff erosion procedures and international literature, (2)
Develop geometric procedures for bluff and cliff erosion and retreat, (3) Consider
development and use of process-based numerical/statistical modeling methods for
future inclusion in the NFIP program.
41 Long-term erosion | This topic is considered important to NFIP, but FEMA action on previous work is
pending. Therefore, guidance is best developed by FEMA in the future.
42,43 Nourished Beaches | Recommend modifying G&S to direct Study Contractors to follow a procedure to

notify FEMA that the study area includes beach nourishment project. Provide
FEMA with a list of information needed to assess special cases where beach
nourishment may be considered in determining hazard zones and BFEs (exception
to existing FEMA policy).

Conduct research and case studies to determine whether beach nourishment is
likely to have an effect on hazard zone designations of BFEs.
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37 Clarify Clarify limitations of 540 Criterion regarding its application to different types of
Applicability and coastal settings and material types. Discuss limitations of geometric methods
Limitations of 540 | versus process-based methods.

Criterion For the 540 Criterion: (1) Expand data base, (2) Define erosion area-frequency
relationship, (3) Review use of median value trigger for dune removal.

38 Physics and Describe differences and advantages between “geometric” and “process-based”
Process Based EBE methods. Interim methods: continue to use 540 Criterion for Atlantic and
Methods Gulf Coasts where applicable; use most documented post-storm beach and dune

profiles for areas where 540 is not applicable.

(1) Further develop and test process-based models; (2) Develop method to
include randomness of storm wave heights and tides and their coincident
occurrence; (3) Develop and test Process-Based methods and prepare G&S for
Process-Based erosion assessment of (a) coastal bluffs fronted by narrow beaches
and (b) sandy and non-sandy beaches and dunes, including dune overwash.

40 Document Vertical | Document depths of erosion following storm events and maintain data for depths
Depths of Erosion | of erosion and damages to buildings in order to better determine “depth-damage”

relationships.
COASTAL STRUCTURES RECOMMENDATIONS — ATLANTIC AND GULF COASTS

26 Jetties, Groins, Develop criteria/guidance for evaluating failure of other structure types, and the
Breakwaters effects of these failures on mapped flood hazards

26 Minimum Determine minimum structure dimensions necessary to receive mapping credit
Structure during FIS and revisions to FIRMs
Dimensions

27 Structure Review CERC TR 89-15 considering more recent data on structure stability and
Evaluation Criteria | failure; revise structure evaluation criteria.

SHELTERED WATERS RECOMMENDATIONS — ATLANTIC AND GULF COASTS

6a Definitions and Provide definitions, examples, and develop a classification method for sheltered
Classification water studies.

6b Flood Event Prepare general guidance for documenting and using high water marks to
Reconstruction reconstruct historic flood conditions.

6d Combined Tidal- Prepare guidance specific to defining the 1% annual chance flood event involving
Riverine 1% riverine and tidal flooding and expand guidance on wind data acquisition and
Annual Chance analysis and fetch-limited wave forecasting.

Event Assessment

6e Stillwater Prepare guidance for estimating stillwater elevations in ungaged sheltered water
Estimation bodies and evaluating the effects of tidal and riverine currents.

6h Hazard Mitigation | Prepare general guidance for Mapping Partners to coordinate the preparation of
Coordination coastal studies with other hazard mitigation activities.

6h Focused Study Collaborate/coordinate with other Focused Study groups to address sheltered
Coordination waters Critical topics found in other Focused Studies.

HAZARD ZONES RECOMMENDATIONS — ATLANTIC AND GULF COASTS
39 Primary Frontal Prepare an improved and refined definition of the PFD slope transition as revision
Dune VE Zone to NFIP regulations, and provide further technical guidance in G&S to clarify the
PFD mapping criteria through a case study (e.g., Lewes, DE)
Consider adoption of quantitative methodologies and procedure for identification
and mapping of the PFD landward limit (heel) slope criteria (e.g., MA CZM use
of LIDAR and GIS automated methods)
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18 Coastal A Zone Investigate and develop Coastal A Zone criteria (wave and erosion damage) and
Hazard Zone procedures for application within the NFIP;

Develop an annotated bibliography of related research and papers to support new
guidance for Coastal A Zones;
Apply new concepts in a case study area.

18 Hazard Zone Prepare technical bulletins for clarification of proposed revisions to VE Zones,

Technical Bulletins | AE Zones, and new VO Zones related to hazard identification, Special Flood

Hazard Mapping and floodplain management.

19 Combined Coastal- | Develop mapping standards to clearly identify this hazard zone. Develop alternate

Riverine Zones

methods for identification of hazard zone.

Y
FEMA COASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FEMA INTERNAL REVIEW
NOT FOR DISTRIBUTION

RECOMMENDATIONS — ATLANTIC AND GULF COASTS
PHASE 1 SUMMARY REPORT

—

e S S— S —— e —

&—=="0ASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FEMA INTERNAL REVIEW
NOT FOR DISTRIBUTION

RECOMMENDATIONS — ATLANTIC AND GULF COASTS
PHASE 1 SUMMARY REPORT
i )

6 REFERENCES

Dewberry & Davis. 1991 (April). Investigation and Improvement of Capabilities for the FEMA Wave
Runup Model (Technical Documentation for Runup Program 2.0).

Federal Emergency Management Agency (FEMA). 2003 (April). Guidelines and Specifications for
Flood Hazard Mapping Partners. Appendix D: Guidance for Coastal Flooding Analyses and
Mapping.

Goda Y. 1985. Random Seas and Design of Maritime Structures. University of Tokyo Press. Tokyo,
Japan.

Houston, J.R., and A.W. Garcia. 1974. Type 16 Flood Insurance Study, USACE Waterways Experiment
Station. Report H-74-3.

Nhc. 2003 Workshop 1, FEMA coastal Flood Hazard Analysis and Mapping, held in Sacramento on 2-4
December 2003.

Ott Water Engineers, Inc. 1984 (August). Northern California Coastal Flood Studies. Prepared for
Federal Emergency Management Agency.

Owen, M. W. 1980. Design of Seawalls Allowing for Wave Overtopping. Report Ex. 924. Hydraulics
Research Station, Wallingford, United Kingdom.

Phillip Williams & Associates. 2002. Coastal Hydraulics Phase Report, Sandy Point, Whatcom County,
Washington, Coastal Flood Insurance Study.

Suhayda, J.N. 1984. Attenuation of Storm Waves over Muddy Bottom Sediments. Prepared for Federal
Emergency Management Agency, Washington, DC.

Tetra Tech. 1982. Methodology for Computing Coastal Flood Statistics in Southern California. (Tetra
Tech Report TC-3205.) Prepared for Federal Emergency Management Agency, Washington, DC.

R
— ’\,’\,’\/
FEMA COASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES




FEMA Coastal Flood Hazard
Analysis and Mapping

Phase 1 Summary Report
Appendix

February 2005

Prepared for:
AR T
L L
\gf 2
EM:;"
.-'.I.-_IlI = -\.
FEMA

A Joint Project by
FEMA Region IX, FEMA Region X, FEMA Headquarters

FEMA Study Contractor:

northwest hydraulic consultants, inc.



FocuseD STubY REPORTS

APPENDI X

e ———— e —— )

CONTENTS
Of
APPENDIX

Introduction to the Phase 1 Focused Study Reports
Acknowledgements of the Focused Study Team Members
Key References from each Focused Study Report

Eleven Focused Study Reports:

Storm Meteorology
Stillwater

Storm Wave Characteristics
Wave Transformation
Wave Setup

Wave Runup and Overtopping
Event-Based Erosion
Coastal Structures
Tsunamis

Sheltered Waters

Flood Hazard Zones

1
_ A/
FEMA COASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES




FocuseD STubDY REPORTS

INTRODUCT ION

Introduction to the Phase 1
Focused Study Reports

This Appendix to the Phase 1 Summary Report (nhc, February 2005) contains eleven (11)
Focused Study Reports prepared by the Technical Working Group (TWG) on eleven categories
of technical topics pertaining to FEMA Coastal Flood Hazard Assessment and Mapping
Guidelines. Goals of the Phase 1 investigations were to evaluate existing FEMA Guidelines for
all three coasts and to examine the key technical areas of the current coastal flood hazard
mapping process. Initial tasks focused on a review of the existing guidelines and the needs and
priorities for their improvement. Under these tasks, coastal experts from the TWG reviewed
existing guideline methodologies for the ocean and coastal processes analyzed in flood insurance
studies (e.g., storm meteorology, storm surge, wave setup, wave transformation, wave runup, and
overtopping) and evaluated their applicability for each coastline. Case studies were prepared to
demonstrate application of guideline methodologies in previous coastal flood insurance studies
on each coast, and representative studies were prepared to demonstrate application of guideline
procedures to particular coastal processes.

An international literature search was conducted to identify sources of information on existing
and evolving coastal engineering practices and to identify pertinent scientific research that may
be useful in developing new guidelines. The international experience of several TWG members
was used during this task to provide the project with information, techniques, and practices from
around the world.

The initial tasks described above served as the basis for reporting and discussion at Workshop 1,
held in Sacramento, California, on December 2—4, 2003. The workshop was attended by 38
members of the TWG from across the country and Europe. The workshop agenda included:

@ review of existing guidelines and practices;
@. technical presentations on the state of the science in coastal processes;

@ workshop sessions to identify needs, priorities, and potential guideline improvements by
coastal geographic areas and coastal processes; and

@ Summary sessions to list and prioritize needed guideline improvements.

The primary result of Workshop 1 was a list of 53 technical topics for consideration in updating
the current FEMA guidelines. Each item also included an initial assessment of the time and data
required to develop improved procedures. This assessment resulted in categorizing each topic as
“Critical,” “Important,” “Available,” or “Helpful.” “Critical” and “Important” topics were
considered the highest priorities for development of new or improved procedures, and were
subdivided into topics that could likely be addressed in the 6-month time frame of the project
(“Critical) and those that would require longer term development by FEMA (“Important™).
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“Available” topics were considered areas where existing data or methodologies were readily
available for updating or creating guidelines. “Helpful” topics were considered valuable but
lower priority. These priority classes were assigned by the TWG for each topic on the Atlantic
and Gulf Coasts, Pacific Coast, and in Sheltered Waters (Non-Open Coast).

Results from Workshop 1 were used to formulate focused studies that organized the 53 technical
topics into 11 categories according to coastal processes and coastal flood hazard mapping
procedures. Each of these 11 categories became the subject of a focused study and resulted in a
stand-a-lone report, including topics on: (1) Storm Meteorology, (2) Stillwater Elevations, (3)
Wave Characteristics, (4) Wave Transformation, (5) Wave Setup, (6) Event-Based Erosion, (7)
Wave Runup and Overtopping, (8) Coastal Structures, (9) Sheltered Waters, (10) Tsunamis, and
(11) Hazard Zones. These eleven Focused Study Reports are included in this Appendix to the
Phase 1 Report.

The focused studies were conducted by groups of individuals from the TWG, each coordinated
by a focused study leader. This organization allowed the 11 focused studies to be completed
simultaneously and rapidly. Preliminary drafts of the focused studies were presented at
Workshop 2 on February 23-26, 2004, and subsequently were refined by the study groups and
submitted to FEMA in May 2004. These initial drafts of the Phase 1 Summary Report and
Focused Study Reports were revised into Final Drafts that were submitted to FEMA in June
2004. Focused Study leaders responded to FEMA review comments, made revisions to the
reporting and prepared the Final Phase 1 Summary Report and this Appendix containing the
Focused Study Reports.

The focused studies contain recommendations on the approach for updating the guidelines on
three coasts (Pacific, Atlantic, and Gulf). These recommendations include further studies and
guideline development work that vary in complexity, level of effort, and time requirements. The
level of effort required to complete the recommendations for “Critical” and “Available” items
identified in Workshop 2 significantly exceeded the available time and budget for Phase 2
(development of Pacific Coast guidelines). Therefore, in March 2004 the project team engaged
in a significant effort to develop options for limiting the scope and cost of the next phase of work
(Phase 2 — development of Draft Pacific Coast Guidelines) while retaining the most important
topics and a balance among the 11 technical categories. The selected option deferred some
recommendations for future development in the National Flood Insurance Program (NFIP) but
maintained the target of producing reliable guidelines for coastal studies on the Pacific Coast in
FY 2004/2005.

SUMMARY OF KEY FINDINGS FROM THE PHASE 1 FOCUSED STUDIES

A complete list of topics and recommendations developed by the TWG during Workshops 1 and
2 is provided in Table 2 of the Phase 1 Summary Report. Following are a few of the key findings
from the Phase 1 activities and the completion of the eleven Focused Studies:
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Procedures are needed to compute the 1% annual chance flood elevation where 1%
stillwater levels do not necessarily coincide with 1% wave conditions (e.g., Pacific Coast
and sheltered waters along all three coasts).

Procedures to better represent wave setup are needed on all coasts.

Procedures should be developed to use regional databases and wave transformation models
to develop wave spectra at the surf zone.

Methods are needed to evaluate the amount of wave dissipation due to propagation over
muddy or flat nearshore areas.

Procedures to quantify the effects of wave setup and event-based erosion in a variety of
geomorphic settings are needed.

On the Atlantic Coast, a review of the 540 square feet erosion criterion is needed in light of
new data; on the Pacific Coast, a similar geometric method is needed based on Pacific Coast
data.

A probabilistic method for tsunami hazard assessment and methods for combining tsunami
hazards with other coastal hazards are needed.

Updates and amplification of existing guidelines for wave runup and overtopping and
associated hazard zones are needed. Improved methodology for wave overwash is needed.

Some coastal processes, such as surge, wave transformation, and tsunamis, are best analyzed
at a regional scale rather than in flood studies of individual communities.

Sheltered waters (non-open coast areas) require specialized guidance because of their unique
hydrodynamic and geomorphic characteristics compared to the open coast. For example,
new methods for calculating fetch-limited wind waves should be evaluated and incorporated
in guidelines, to the extent appropriate.

Recommended approaches to address these and other needs are included in Sections 4 and 5 of
the February 2005 Phase 1 Summary Report.

Following are Acknowledgements for those who participated on the Technical Working Group
and a listing of selected Key References from each Focused Study Report. Following the
Acknowledgements and Key References are the eleven Focused Study Reports discussed in the
February 2005 Phase 1 Summary Report.
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1 INTRODUCTION
1.1  CATEGORY AND TOPICS

This Focused Study describes a proposed approach for the development of new FEMA
Guidelines for two topics:

@ The first is the determination of storm meteorology (storm statistics) used in coastal
storm surge flood studies.

z)

The second is the formulation of guidance for estimation of the 100-year flood when two
or more flood-forcing mechanisms are important.

fi

The particular topics addressed in this report were identified during Workshop 1 of the project
and are described below.

Storm Meteorology Topics and Priorities
Topic Topic Topic Description i P”O-”-ty
Number Atlantic/ | Pacific | Non-Open
Gulf Coast | Coast Coast
50 Modeling Review and recommend storm surge statistical
Procedures procedures (JPM, EST, Monte Carlo), and I | --
identify data sets for hurricanes, nor'easters,
and Pacific storms
51 Combined Develop guidance on combined probability
Probability, considerations for all processes; define c c c
Determinations | procedure to determine the 100-year flood
of 1% Flood event
Elevations
Key: C =critical; A =available; | =important; H = helpful

Topic 50 is construed to be an effort to develop guidance regarding the statistical aspects of
storm surge modeling, outlining procedures and data sources that are needed to implement
procedures such as the Empirical Simulation Technique, Monte Carlo methods, and the Joint
Probability Method. These methods are used to attach rates of occurrence to particular storms
used in the hydrodynamic simulations, and to derive rates of occurrence of the resulting flood
levels. The Joint Probability Method (JPM) has been used generally in past FEMA coastal surge
studies, whereas the newer Empirical Simulation Technique (EST) has recently been approved
by FEMA and is now coming into use.

Topic 51 is a more general task, extending to all mechanisms of coastal flooding, not just surge,
but including, for example, astronomic tide, storm waves, and tsunamis, as well as the combined
probability of coastal and riverine elevations in tidal waters. The goal is, given two or more such

1
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mechanisms affecting a site, to determine what the 1-percent-annual flood elevation is, as a
function of the statistics of the several contributing mechanisms.

1.2. STORM METEOROLOGY FOCUSED STuDY GROUP

The Storm Meteorology Focused Study Group was made up of Robert Battalio, lan Collins,
Robert Dean, Darryl Hatheway, Norm Scheffner, and David Divoky, who served as Team
Leader.

2 CRITICAL TOPICS

2.1 Toric 51: COMBINED PROBABILITY (FOR ALL GEOGRAPHIC REGIONS)

2.1.1 Description of the Topic and Suggested Improvement

The problem addressed in this topic is the determination of the total 1% flood elevation at a
particular site that may be affected by multiple flood elevation processes or by processes with
multiple components. High water levels accompanied by flooding may be the result of extreme
astronomical tide; storm-induced tide; tsunamis; wave setup, runup, and overtopping; or riverine
rainfall runoff (in estuaries). These may be affected by seasonal effects (El Nifio conditions) and
additional long-term factors such as changes in relative sea level (for example).

The goal is to provide guidance for determining the 1% flood event in such cases. Clearly, the
total level reached during an extreme flood may be the result of a combination of many
influences, each having its own associated probability or rate of occurrence. (Note: Strictly
speaking, what we will loosely call “probability” is actually rate of occurrence measured in units
of events per year; the 1% flood is the level occurring at an average rate of 0.01 times per year.
This distinction between mathematical probability and temporal rate is occasionally quite
important.)

The contributing events may be statistically independent or may be correlated in some manner.
Furthermore, two (or more) events that do not occur together must still be statistically combined
because the total rate of occurrence of a given flood height is influenced by both. Methods to
handle the several possible combinations need to be summarized and guidelines developed.

2.1.2 Description of Procedures in the Existing Guidelines
Joint Probability Method

This Combined Probability topic does not address the combination of two or more processes, but
is concerned with the total rate of occurrence of a storm defined by multiple parameters with
individual probabilities. The Atlantic and Gulf Coast Guidelines suggest using the approach that
was originally developed by the National Oceanic and Atmospheric Administration (NOAA), in

2
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which the governing hurricane parameters (i.e., central pressure index, radius to maximum
winds, forward speed, and direction of travel) are examined for statistical independence and then
the probabilities multiplied to derive the probability of occurrence of a particular storm. The
required hurricane data are taken from Hurricane Climatology for the Atlantic and Gulf Coasts
of the United States (National Weather Service, 1987). This item is discussed below, under
Topic 50.

Tide and Surge

The Study Contractor is required to “Describe the method by which the tidal elevation data are
convoluted with the surge data including tidal constants and tidal records.” Refer to Benjamin
and Cornell (1970) for the definition and use of “convolution integrals” in probability and
statistics.

Storm Waves and Surge

The Study Contractor must use the “controlling” wave, defined in Appendix D, in Section
D.2.2.6, as 1.6 times the significant wave; the significant wave can be determined using the
Shore Protection Manual or Automated Coastal Engineering System (ACES). The waves are
assumed to be coincident with the peak surge. There is little other specific (explicit) guidance
for this topic in the current FEMA coastal guidelines. In many places, the guidelines refer to the
need to choose a factor (deepwater wave height, for example) that somehow corresponds to
another process with which it is to be combined (the 1% stillwater level, for example). It is
generally not clear from the guidelines how this is to be done, and the matter is left to the
judgment of the Study Contractor, along with the injunction that the assumptions be documented.
Section D.2.2.6 of the Guidelines, for example, refers to “the meteorology of storms expected to
provide approximate realizations of the 1-percent-annual-chance flood” and suggests that such
storms would be useful in “assessing wave characteristics likely associated with” that flood.
Subsequently, it is suggested that “the 1-percent-annual-chance flood is likely associated with
central pressure deficits having exceedance probabilities between 5 and 10 percent,” with the
implication being that wave height and period estimated from hurricane formulas using pressures
in this range would be appropriate (radius to maximum winds and forward speed are not
mentioned, although median values might be assumed).

Similarly, there is no guidance regarding the combined probability of separate processes, such as
storm surge and rainfall runoff in a tidal river.

Pacific Coast

There are no guidelines for the Pacific Coast.

3
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2.1.3 Application of Existing Guidelines to Topic—History and/or Implications for
the NFIP

Joint Probability for Hurricane Parameters

For hurricane flood studies on the East and Gulf Coasts, the original use of the JPM was
proposed and developed by NOAA. The approach involves an assumption of independence of
storm parameters so that the combined probability of a particular hurricane is the product of the
probabilities of each of the governing parameters (i.e., forward speed, storm radius, central
pressure depression, and storm position; a dependence on track angle is assumed and accounted
for by separation of the storms into directional families). In the early studies by Tetra Tech, this
assumption of statistical independence was investigated quite thoroughly by examining cross
correlations and factor analysis for a multivariate sample. This aspect of combined probability is
considered below as part of Topic 50.

Superposition of Surge and Waves

For applications that require determination of a wave estimate for superposition (through setup,
runup, and overtopping) on a 1% stillwater surge level, two approaches have commonly been
used. One approach has been to estimate a 1% deepwater wave condition from WIS data or other
similar wave data. The second common approach has been to adopt a design-like storm, such as
a storm with the 5-10% pressure deficit, and use this for computations based on hurricane wave
formulas.

For the combination of overland wave propagation and surge (WHAFIS), the greatly simplifying
assumption is made that depth-limited breaking waves occur at the shoreline during 100-year
surge conditions (with an appropriate period), so that there is no need to attach a return period to
wave height. The initial wave represents waves of all heights above the minimum necessary to
produce breaking conditions.

Combination of Surge and Riverine Flood Profiles

In past studies, the combined probability of riverine runoff and coastal surge in tidal areas has
been treated inconsistently by Study Contractors, including federal agencies. The correct
treatment, if independence of the runoff and surge episodes at the mouth of a tidal river is
assumed, is to simply add the rates of occurrence of specified flood elevations from each source,
at several locations along the affected river reach. There is a great deal of inconsistency among
existing studies in this common instance of combined probability, with many studies simply
mapping the greater of the two levels (so that the level at the intersection of the two 100-year
profiles would actually correspond to the 50-year level). As discussed below, however, the case
of non-independence should also be considered. This issue is also discussed in Topic 19 of the
Hazard Zone Mapping Focused Study.
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Superposition of Tides and Tsunamis

The combination of tides and tsunamis is not specifically addressed in the Guidelines but has
been considered in past FEMA studies, and so is included in this section. In the case where the
total water level is the sum of two independent processes that combine in a linear manner, the
probability of the expected sum is found by convolution. That is, if the probability density of the
tide level is denoted by p,(Z) and the probability density of the tsunami water level is p,(Z),

then the probability density of the sum of the two is given by:
p(Z)= [ p,(T)p(Z-T)dT (1)

The process is easily extended to the sum of three or more independent variables that add
together. In the early Tetra Tech report (1982), the convolution theory was expanded to include
cases where one component had a shorter duration than the other. In other words, it would
include cases where, for example, the peak storm tide or tsunami could occur at tide levels other
than the maximum.

In the limit it is known that, for a process that has a Gaussian probability density function and is
narrow banded in frequencies, the envelope will have a Rayleigh distribution. The Tetra Tech
report (1982) showed that, if the storm tide or tsunami lasts for the duration of a half tide cycle
(i.e., including a high tide event), the resulting level would be the sum of the two and would tend
to a Rayleigh probability distribution. In practice, this may be questionable because, at the
extremes, the tidal water levels have an asymptotic limit, whereas the Gaussian and Rayleigh
functions are unbounded.

As an example, the “modified Rayleigh” distribution can be written in the form:

P = exp(—(%y) @)

C

where H is the measured height, H is the minimum that is reported, H is a scaling factor,

and y is 2.0. (Often, the denominator is replaced with a single “scaling factor” and is referred to
as the three-parameter Weibull distribution function.) Figure 1 shows an example from the
predicted tides at San Diego. The 1-percent-annual-event would have a probability level of
about 1/70,600 or 1.4x10™ (assuming 706 high tides per year). The Rayleigh distribution
function clearly overestimates the maximum tide elevation at this probability level. An
alternative fit is shown that has y= 5.5 and the values of H, and H_ have been adjusted.

Other Approximations

In the early FEMA studies for the Southern Atlantic and Gulf coasts, the combined probability of
storm surge and tide was approximated assuming that half of the peak water levels of the storm
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surge occurred at high tide and half at low tide. This approximation yielded a shift of about half
the maximum tide level. With the typical tidal ranges in the Southern Atlantic and Gulf coasts,
this approximation yields distributions that are close to those arrived at by the more exact
methods.

1.0E+00 ‘“\
1.0E-01
@ —— Predicted Tide
_cE Empirical
8 1.0E-02 Rayleigh
i
kS
2 )
= 1.0E-03
Ko}
©
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Figure 1. Probability distribution of high tide elevation at San Diego Bay.

In a recent study by Philip Williams and Associates (PWA, 2002), the potential for combined
tides and waves was estimated by taking:

@ the 1% water elevation with an average wave height,

@ a 1% wave height with an average high tide (averaged from a set of water levels
occurring at the time of high wind waves), and

@ a third approximation as an intermediate case, calculated based on marginal joint
probability.

The results (wave runup and overtopping) calculated for these three approximations were
compared and the worst one was selected. This approach, discussed in more detail below, is
very similar to what is recommended in this Focused Study, based on an extensive research
effort by the Hydraulic Research Station at Wallingford, U.K.
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2.1.4 Alternatives for Improvement

There are five major types of combinations of extreme water levels that result from the
simultaneous occurrence of more than one event:

1. Two independent, simultaneous contributors that can be added in a linear manner (or
nearly so)—In this case, the convolution process applies; the method can be extended to
multiple independent contributors that contribute to the sum.

2. Two independent contributors that have major differences in their durations—In such
cases, the modified convolution process developed by Tetra Tech may be appropriate,
with the proviso that the integration limits must be confined to realistic bounds.

3. Two independently occurring contributors that interact with each other in a non-linear
fashion—An example is wind setup in shallow water areas with large tidal ranges
because, among other factors, the water response to wind stress is inversely proportional
to the total water depth.

4. Two correlated or partially correlated processes—If the processes are completely
correlated, these reduce to single events; if they are partially correlated, there are no
simplified methods.

5. Three or more processes that are partially correlated—For example, tide level, wave
height, wave period, and wave direction; wave overtopping is an example of a
combination of processes of this type.

Astronomic tide occurs daily and everywhere, around the world. Therefore, methods must be
developed to account for tidal effects in combination with everything else including storm surge,
tsunamis, and all manner of wave effects, including wave crest elevation, runup, setup, and
overtopping. In addition, the statistical combination of surge and riverine flooding must be
accounted for.

Sample Combination Methods

The guideline methods to be developed must consider each significant combination of two or
more factors chosen together. For illustration, consider two such combinations: surge plus tide
and waves plus high water.

Surge Plus Tide

As mentioned earlier, one approximate method of combining surge plus tide that has been used
in past studies. The method is based on the assumptions that it is equally likely for peak surge to
occur at either high or low tide, and that the duration of the peak does not last long. For example,
let S be a particular surge elevation computed from mid-tide, and let A be the tide amplitude
around its mid-level. Then one simply reallocates the estimated rate (frequency) of occurrence
of surge elevation S, assigning half of the total rate to elevation S+A and half to elevation S-A.
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This reallocation of the probability-mass of the surge S (computed at mid-tide) to both higher
and lower levels has the net effect of shifting the frequency curve slightly toward higher
elevations. A more accurate statistical determination in the same spirit can be made using the
convolution method. These statistical procedures, however, are not appropriate when the surge
and tide interact physically, thus affecting each other’s behavior.

An improvement over the linear approximation of surge plus tide assumes that the surge can
occur at high tide, mid-tide ebb, low tide, and mid-tide flood. For high tide, the surge is
simulated with tide; for the other three phases, it is assumed that the surge without tide can be
added to the tide linearly. This approach helps identify maximum-interaction nonlinear effects.
The assumption here is that combined-effect interactions are at their maximum level at high tide
and are less important at mid-tide and low tide. This surge plus tide simulation procedure is
generally used only for severe events for which the surge is significantly greater than high tide.

To account more fully for the interactions, more detailed hydrodynamic calculations are
necessary. Two approaches will be described: the method adopted in FEMA’s two-dimensional
(2-D) storm surge model, and the approach used by the State of Florida Department of
Environmental Protection (DEP).

FEMA Method

In the FEMA (1988) methodology, a large number of storms are simulated using the numerical
surge model, and the computed water levels around the study area are recorded. These
calculations are made with respect to the mean water level and do not account for tide. The large
number of simulations is determined by taking all possible combinations of five parameters
defining a storm: pressure depression, radius to maximum winds, storm forward speed, track
angle, and track position. Tide could be included among these parameters and appropriately
incorporated in the simulations through the boundary conditions. For example, both tide
amplitude and tide phase could be taken as additional parameters, increasing the parameter set
from five to seven types. If just a small number of values were chosen for each new tide
parameter, say three values of amplitude and six values of phase, then the simulation costs would
increase by a factor of 18. This was not an acceptable alternative when the surge methodology
was developed, owing to the extremely high cost of computer time, although it might be
considered acceptable today.

Instead, the FEMA methodology adopted a method by which simulations made around mean sea
level (MSL), with no tide, are adjusted to approximate the levels that would be achieved with
various tides. The first step is to perform a detailed simulation of a small set of storms, covering
a range of peak surge elevations, with tide hydrodynamically added on the grid boundary; it is
assumed that, in the offshore region, the tide will add linearly to the surge. For each storm,
approximately 20-30 tide combinations are simulated, for a range of tide amplitudes and phases.
These combined surge and tide simulations account for the interactions and provide the basis for
the subsequent adjustment of the no-tide calculations.
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The second step is to simulate each tide without surge, and then to linearly add the separately
computed tide onto the tideless surge hydrographs computed for the small storm set. These
added hydrographs will differ from the cases simulated with surge and tide combined. A simple
regression expression is derived at each grid point, expressing the combined peaks as functions
of the added peaks. Finally, these corrective expressions are applied to the very large data set
computed without tide, to estimate what the surge would have been in each case for all of the
selected tide conditions. Although this is a laborious procedure involving use of several
intermediate utility programs, it is practical and far less costly than full 2-D simulations
including tide.

Florida DEP method

The Florida DEP (see, for example, Dean et al., 1992) uses a different technique that is very
simple in concept but relies partly on the use of a one-dimensional (1-D) surge model instead of
a 2-D model. The DEP procedure, which is described in more detail under Topics 54 and 55 of
the Stillwater Focused Study Report, begins with simulations of selected storms using a detailed
2-D model over the entire study area. This is followed by simulations of the same storms over
several transects using a simpler 1-D model (Freeman et al., 1957). Of course, the 1-D model
does not reproduce the 2-D results exactly, but—as with the FEMA approach relating added and
combined tides described above—it is possible to perform both 2-D and 1-D simulations of a
small set of storms and, from these, derive regression expressions relating the 2-D results and the
1-D results at all points along the transects. These expressions can then be used to adjust all
subsequent 1-D calculations, thereby approximating 2-D calculations.

Using the very efficient 1-D model, the DEP procedure is to simulate a large number of storms
with tide boundary conditions imposed at the seaward limits of the transects. The tide condition
chosen is an actual tide history selected at random from the hurricane season. For example, if a
storm is to be simulated for a total of three days, the procedure is to pick a starting time at
random from within the hurricane season and use the following three days of tide predictions as
the water elevation at the seaward boundary of the transect.

This procedure is repeated many hundreds or thousands of times, each time selecting a new
storm (by Monte Carlo selection from the storm parameter cumulative distribution functions) and
a new tide history segment for the 1-D boundary condition. In this way, the full range of possible
tide conditions is automatically accounted for in a realistic, natural way because the physical
interaction between surge and tide is implicit in the calculations.

Waves plus High Water

A second major problem is the choice of waves to be associated with high water. The
combination of waves and surge has been mentioned above with respect to overland propagation,
for which the assumption of limit-height breaking at the shore eliminated all difficulty. However,
in general the user is faced with the difficult problem of selecting a combination of wave and
high water that will reasonably represent the1% total event. Three approaches are mentioned
here.
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1)

2)

Southern California Flood Insurance Study

The first approach, used by Tetra Tech in its 1982 flood insurance work for Southern
California (Tetra Tech, 1982), was simply to consider all significant storms or wave and
high water sources, and to follow their effects from source to shore, computing shoreline
processes such as setup and runup. A limited number of extreme deepwater conditions
were used.

The stillwater processes that were considered included astronomic tide and surge from
local tropical cyclones. The wave sources included intense winter storms in the north
Pacific; local storms; and tropical cyclones, both local and remote (off Baja California).
Extratropical wave data were taken from Fleet Numerical Weather Central (FNWC) data
for the period 1946-1974, summarized at three points off Southern California. These
three points defined two connected offshore line segments along which wave heights,
directions, and periods were specified by interpolation.

Wave rays were initiated along these lines, at very fine spacing, and were carried toward
shore using a refraction algorithm developed specifically for the project to permit
efficient handling of such large data sets. Wave setup and runup were determined for
these waves, once they reached the coast, using practical engineering methods. The
treatment of tropical cyclone wave generation and propagation was similarly
straightforward. Locally generated storm surge was investigated by a numerical
simulation of the 1939 storm, which was unusual for reaching as far as the Los Angeles
area. It was found that the wind-driven component of high water from this storm was
small compared to the inverse barometer contribution; consequently, the total surge
component was simply approximated by the barometric component for each storm
considered in the study.

Once the results from each factor, assumed to be independent, were determined,
combinations with tide were determined by convolution calculations, and an extremal
analysis was performed based on fitting multiple versions of the Gumbel and Weibull
distributions. Correlations (joint probability) between high water levels and large swells
(as related by EI Nifio conditions, for example) were not investigated.

Sandy Point Study

A second example is the more recent Sandy Point study referenced above (PWA, 2002).
This study considered the joint probability of estuarine high stillwater levels and local
wind waves. Stillwater levels were analyzed using tide gage data collected nearby,
applying extreme-value analysis on the highest recorded tides and the largest residuals
(residual equals the measured water level minus the predicted astronomic tide for the
same time). The probability of high wind speed was used as a surrogate for the high seas
generated by local winds (because the site was in sheltered waters, swell was not
considered, but the approach is also applicable to swell). An attempt was made to define
joint probability directly using a coincident time series of winds and water level data
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covering a period of 29 years. However, it was found that this period was not sufficiently
long to define the low-probability events of interest. No attempt was made to fit the data
to a bivariate extreme-value distribution and then estimate low-probability conditions by
extrapolation, although this may be a viable alternative approach (see general discussion
below). Consequently, an Averaging Method and a Marginal Probability Method were
used to estimate the flood events, as described below. Three estimates of the 100-year
probability event were made (Table 1), each of which consisted of a high stillwater level
and high wind speed.

These events are shown graphically in Figure 2. The selected events are reasonably close
to “rule of thumb” guidance used in other studies, as depicted in the figure (labeled
“Standard Practice” in the legend).

Table 1. Wind Speeds and Total Stillwater Level Conditions with Return Periods
Event Label Wind Speed Stillwater Level
km/h, mph, RT ft NGVD RT
2-minavg | 1-sec avg (year) (year)
100-year WL, average simultaneous wind A 69 57 6 8.14 100
Intermediate case (marginal probability) B 110 90 37 6.75 2
100-year wind, average simultaneous WL C 139 114 100 5.87 <1
NGVD = National Geodetic Vertical Datum, RT =returntime, WL = water level
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Figure 2. Combined 100-year event flood conditions from the Sandy Point Study.

2a) Averaging Method

The averaging method used standard extreme-value analysis to determine the 100-year
event for one parameter. The other parameter was selected based on the average of values
observed to occur at the same time as extreme values of the first parameter. Attempts to
correlate wind speed with extreme high-water levels indicated no linear correlation with
magnitude, but did indicate a narrow range of values from which an average wind speed
could be selected as being likely to recur during a 100-year water level. Similarly, an
average high-water level residual was selected as being likely to recur during a 100-year
wind event. This resulted in two estimates of the 100-year event: a 100-year wind speed
and a high water level of less than 1-year return period, and a 100-year water level and a
wind speed with a 6-year return period.

2b) Marginal Probability Method

Besides the two estimates resulting from the averaging method, a third estimate used
marginal probabilities. This estimate was arrived at by analyzing all wind speeds
occurring coincidentally with water levels that fell within a certain range. A water level
range from 6.5 to 7.0 ft NGVD was chosen because 13 measurements of extreme
coincident wind and water level were within this range, allowing some confidence in the
results. The median of this range corresponded to a two-year-return-period tide level (6.8

ft NGVD), based on the residual analysis (see below). An extremal analysis of wind
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speeds occurring coincidentally with water levels in this range was performed to
determine the probability of wind speeds for a two-year-return-period tide. The rules of
marginal probability defined the total probability as the quotient of the conditional
probability and the probability for the condition to occur. In this case, the probability of
the water level being within the 6.5-7.0 ft NGVD range was one time per two years (or
P1 = 0.5). Therefore, the 50-year-return-period wind speed, which occurs one time per 50
years (P2 = 0.02), was determined so that the total probability would be equivalent to a
100-year event (P1 * P2 = 0.5 x 0.02 = 0.01). The selected wind speed had a 37-year
return period based on the single-parameter return-period analysis conducted on the wind
speed.

2c) Residual Water Level Analysis—Event Selection Method
Residuals were calculated by subtracting the predicted astronomic tide from the observed
(recorded) water level at the tide gage for the 29-year period of record. Extreme-value
analysis was applied to the residuals, allowing the residual values for different return
periods to be estimated. An extreme-value analysis was also applied to the high tide data
directly, providing an estimate of the high-water levels for different return periods.
Subtracting the residuals from the extreme tide values for the same return periods
provided an estimate of the astronomic tide likely to occur during the extreme event.

The above method was characterized as the Event Selection Method, which could involve
various approaches. The implicit assumption was that the probability of coastal flooding
caused by high wave runup or surge and overland wave propagation would be the same
as the joint probability of occurrence of the environmental forcing parameters, namely
water levels, winds, and waves. Comparison with observations of flooding during the
Sandy Point study indicated that this approach may have underestimated the probability
of flooding and that other approaches estimating the extreme value of the flood event
directly, such as runup and overtopping, might have provided better estimates.

3) Wallingford JOIN-SEA Method
A series of directly pertinent reports have been prepared by the Hydraulic Research
Station (HRS) at Wallingford, U.K., and the University of Lancaster, U.K. In these
reports the joint occurrences of astronomical tide, storm tide, and waves were assessed to
determine the risks, at different levels, of overtopping of seawalls; the quantity of
overtopping; and other potential structural responses.

The method proceeded with the following steps:

1. Preparation of input data, consisting of many independent records (or hindcasts)
of wave heights, wave periods, and water levels.

2. Fitting of statistical distributions separately to the wave heights, water levels, and
wave steepnesses.
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3. Fitting of the dependence between wave heights and water levels, and between
wave heights and steepnesses.

4. Statistical simulation of a large sample of data on wave height, wave period, and
water level using the fitted distributions and Monte Carlo simulations.

5. Extremal analysis of the range of response variables based on the simulated data.

The methods in the reports were supported by a set of FORTRAN programs that were
used to fit the statistical databases and to derive “objective” estimates of the desired
extremes. The principal reports included:

1. Validation of Joint Probability Methods for Large Waves and High Water Levels,
by P. Hawkes and R. Hague, Report SR 347, November 1994.

2. The Joint Probability of Waves and Water Levels: JOIN-SEA, H.R. Wallingford
Report SR 537, November 1998 with minor amendments, May 2000.

3. The joint probability of waves and water levels in coastal engineering design, by
P.J. Hawkes, B.P. Gouldby, J.A. Twain, and M. W. Owen, in Journal of
Hydraulic Research, Vol. 40, April 2002.

The reports include examples in which the individual contributing processes (wave
height, wave period, wave direction, tide, and storm surge anomalies) were both
correlated and uncorrelated. The analysis started with wave conditions and water levels
on a common time database. Scatter plots of wave heights versus wave periods, wave
heights versus storm surge, wave heights versus directions, and so forth, were made to
identify the degree of independence of the contributors. If and when these relationships
were identified, the appropriate computation method was chosen to make the simulations
of long-term records. The reports indicate that a three-year database is sufficient, but this
will probably not be the case for any of the U.S. coastal regions. Atlantic and Gulf Coast
hurricanes will not be properly represented in a three-year period, and the Pacific Coast,
particularly the southern part, will have longer term variability owing to El Nifio effects.
The 30-year database for waves and swells that is available from Oceanweather (see the
Focused Study Report for Storm Wave Characteristics) would provide a more useful
source, and long-term tide gauge records from NOS would provide water level data (see
discussion of Topics 54 and 55 in the Stillwater Focused Study Report).

Figures 3 and 4 show a sample result for wave height and surge based on recorded data
and a summary of the final estimates of extremes. The special cases of “independent”
and “dependent” are compared.
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Figure 3. Example of joint occurrences from recorded data (after HRS Report SR-347).
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It is noted that the “worst” 100-year event may not be the same for all responses, as
illustrated in Figure 5. Differing water level and wave height combinations may be the
most critical determinants for different responses. For example, the 1% erosion will tend
to depend strongly on the duration of high water levels in the event that it occurs for
slow-moving storms that cause high water to persist for long periods. Thus, the 1% storm
surge levels and the 1% erosion may be caused by different hurricane events. For
example, Hurricane Andrew (1992) crossed the east Florida coast rapidly and caused
little erosion of the nourished Miami Beach.
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Figure 5 presents results for a two-parameter process (probability of force on a seawall
and probability of overtopping). In principle, the processes could be extended to include
separate inputs for waves, swells, river flows in estuaries, wave heights, wave periods,
and wave directions. However, presentation of multiple combinations of results for each
input would become multidimensional and very complex.

2.2 COMBINATION OF SURGE AND RIVERINE FLOODS

The common case of combined surge and riverine flood near the mouth of a tidal river was
considered in the early FEMA methodology but is missing from the latest Guidelines. As noted
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above, the recommended approach has been to assume a mismatch between the times of surge
and runoff peaks, so that the two floods are effectively separate events (even if sometimes
correlated by being derived from the same storm). With this assumption, one simply adds the
rates of occurrence of a given flood level, Z , to obtain the total rate:

RTOTAL(Z) = RRIV (Z) + RSURGE(Z) (3)

However, the assumption of independence may not always be appropriate, and the question then
is whether practical methods can be found to account for interdependence. There are two major
difficulties that must be overcome to accomplish this: First, one would require knowledge of
rainfall characteristics of the hurricanes and tropical storms that contribute to the 100-year surge,
as well as how those rains are incorporated in the rainfall data upon which the riverine flood
profile is based. Second, the riverine (HEC-RAS) modeling would have to be repeated many
times to account for physical interactions that would occur over the entire range of possible
surge-runoff combinations. One might also look at historical data for simultaneous surge level
and stream discharge and, from those data, develop a mean relationship between surge and
directly related runoff. To this must still be added the truly separate rainfall events, determined
from hurricane-free rainfall data.

This appears to be a daunting task and might require a major investment with little significant
return for the flood insurance program. Certainly, it could not be classified as Critical, but would
instead become Important, requiring a much longer period of effort. In other words, the simple
addition of rates, while approximate, may remain the most suitable approach. This issue is also
discussed under Topic 19 in the Hazard Zone Mapping Focused Study Report.

2.3 EST POST-PROCESSED APPROACH

A related Empirical Simulation Technique (EST) approach, briefly described in the following
paragraphs, uses an input database of total surge that results from simulating (generally) all
recorded events at a specific location. A full discussion of this approach is found in Scheffner et
al. (1999). These surge-only values are combined in a linear manner with a finite combination of
tides, computed historic wave distributions, computed historic setups, computed historic runup,
and so forth, to generate a database of total surge, that is, surge plus tide, waves, setup, and so
forth. The EST uses this input data to generate n repetitions of T years of simulated storm
activity that includes those processes; a study might involve, say, n=100 repetitions of a

T =200-year sequence of storm activity. From the output database of life-cycle simulations,
frequency-of-occurrence relationships are computed. An empirical estimate of the cumulative
probability distribution function (PDF) Fy (x), denoted by F, (x,), and is given by the

plotting position formula
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for {x(r), r=123,...,n}. This form of the estimate satisfies Gumbel’s requirements, allowing
future values of x to be less than the smallest observation x,, with a cumulative PDF of
1/(n+1), and to be larger than the largest value x,, with cumulative PDF of n/(n+1). Inthe

example approach, the 100-year total surge elevation can be determined for each of the 100
simulations of 200 years of simulated storm activity. Mean value and standard deviation
analyses can then be used to determine any return-year elevation estimate with an estimate of
error based on (for example) the standard deviation. An example of 100 stage-frequency plots
and the computed average determined in this way are shown in Figure 6 (see, for example,
Borgman and Scheffner, 1991; Scheffner and Borgman, 1992). In a sense, this method is a
numerical simulation substitute for convolution methods.
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Figure 6. Distributions derived from 100 simulations of 200-year periods.

24 RECOMMENDATIONS

It is recommended that each important variety of flood combination—waves plus high water,
tsunami plus tide, and so forth—Dbe included as topics in the new Guidelines, along with a
suggested methodology and illustrative examples derived from test studies and/or hypothetical
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cases. Performing a small set of test studies in typical environments will permit detailed
evaluation and comparison of alternatives, as well as development of suitable approximations
and practical advice for flood insurance applications.

For example, an approach such as that presented in the HRS (U.K.) reports, which shares
features with the PWA (2002) approach, appears to be the most comprehensive and suitable for
addressing combinations of water levels and wave conditions, subject to the proviso that a period
of record longer than 3 years would probably be required for the initial statistical summaries.
The technique can be adapted to consider joint occurrences of both dependent and independent
contributors to flood levels. A test study using this approach is recommended at a site (or sites)
on the Pacific Coast. More than 10 years of water level data can be obtained from a NOS tide
gage, with a corresponding record from a NOAA wave buoy. Within the available time
constraint for critical studies, however, an effort separating swell heights and periods, wave
heights and periods, and tides might not be feasible.

A test study using data from the recent Sandy Point flood insurance study (FIS) is recommended.
The test study would include the HRS Monte Carlo, Tetra Tech, and time series approaches. The
results would be compared to the EST results used in the Sandy Point FIS for a limited range of
parameters selected for use with the other approaches. Applying the test to Sandy Point allows
use of a 29-year data set that has already been analyzed. Additionally, Sandy Point is a simple,
two-variable case—water level and locally generated wind waves—with actual flood data
available for verification purposes. The output will be 100-year wave runup elevations calculated
with each method for selected shore profiles and common input data. It would also be
advantageous to apply these methodologies to an Open Coast situation, which would include
several variables (e.g., water level variables; heights, periods, and directions of swell and storm
seas).

The combination of tsunami and tide levels can probably be handled as a straightforward
application of the convolution theorem because these are independent events and the resulting
water levels are likely to approximate the simple sum of the two processes. Where the
environment might indicate important physical interactions between the two processes, there
may be no good alternative to hydrodynamic modeling of numerous joint probability cases.

On the Atlantic and Gulf Coasts in hurricane-dominated areas, the system presently in use is
acceptable, with the possible exception of the Atlantic Coast north of Long Island. The latter
region could be addressed using the HRS Monte Carlo process.

25 PRELIMINARY TIME ESTIMATE FOR GUIDELINE IMPROVEMENT PREPARATION

Table 3 in section 6.0 Summary, summarizes the preliminary estimates of time required for
Critical Topic 51. These time estimates do not include responding to comments and suggestions
associated with the review of the Guideline improvements.
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3 AVAILABLE TOPICS

None identified.

4 IMPORTANT TOPICS

4.1  ToriCc 50: STATISTICAL METHODS FOR SURGE MODELING (FOR BOTH ATLANTIC/GULF
COASTS AND PACIFIC COAST)

4.1.1 Description of the Topic and Suggested Improvement

The basic approach to estimating storm surge frequency, as implemented in FEMA coastal surge
model studies, assumes two sorts of knowledge for a given study region. First, the approach
assumes that if the characteristics of a particular storm are specified, then modeling tools exist to
determine the flood elevations that would occur everywhere within the study area as a
consequence of that storm. The storm characteristics might include direction of forward motion,
location of the shoreline crossing point, speed of travel, and measures of storm size and intensity.
The modeling tool is the storm surge hydrodynamic model, implemented for the local
bathymetry, topography, and terrain.

The second assumption is a method for attaching a frequency to the simulated storm, which is
then also attached to the computed flood levels for that one storm simulation. This requires
knowledge of the storm history for the area, from which the frequency information can be
derived. By simulating numerous storms in this manner, one effectively simulates a long period
of record at the site, from which flood statistics can be derived. Topic 50 is concerned with the
methods by which this process can be achieved.

4.1.2 Description of Potential Alternatives
Joint Probability and Monte Carlo Methods

The primary method used in past FEMA coastal surge model studies has been the so-called Joint
Probability Method (JPM), pioneered for coastal surge applications by NOAA (e.g., Myers,
1970). In the JPM method, a hurricane has usually been defined by five parameters. Track angle,
track position, and forward speed are the three kinematic parameters; storm radius to maximum
winds and central pressure depression are the two dynamic parameters.

By defining a sample window around the study area, one identifies all recorded storms that have
passed within the site vicinity, and from those storms one establishes empirical probability
distribution functions for each of the five storm parameters. Each of those distributions can then
be discretized into a small number of representative values and probabilities, say, on the order of
five each. Taking one value from each set defines a storm; all possible combinations represent
all possible storms. In the event that even only five values were selected for each of the five
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discrete approximations, all possible storms would be represented by a set of more than 3,000
combinations (in practice, the actual simulation set is usually on the order of a few hundred
storms).

The frequency represented by one particular storm is calculated as the rate of storm occurrence
(events per year obtained from the count of storms caught during a known number of years
within the sample window of known size) multiplied by the product of the probabilities assigned
to the five parameters (if independence is assumed). This storm rate is attached to each surge
elevation computed throughout the basin for that one particular storm. As each storm in the
simulation set is run, a histogram is developed at each location in the grid, with rate being
accumulated into bins defined by small flood-elevation ranges. For example, if a particular storm
with rate R produces a flood elevation of S at point P, then bin 10S (if elevations are resolved to
the nearest tenth of a foot) in histogram H(P) is incremented by R. At the conclusion of the entire
set of runs, the histogram at any point constitutes a discrete density function. By summing such
histograms from the top down, one obtains a cumulative distribution from which the elevation
corresponding to an exceedance rate of 0.01 can be read.

An objection to this procedure is the independence assumption, which permits simple
multiplication of individual parameter probabilities. This objection is only partly justified,
however, because usual practice has been to divide the storm sample into three families: storms
that approach land from the sea; those that exit from land to the sea; and those that travel more or
less parallel to the local mean coast. A dependence between track angle and the other parameters
is clear (storms exiting land, for example, may be less intense than those that make landfall), and
this separation into subfamilies accounts for that dependence.

Another lack of independence frequently cited as a point of special concern is the possible
dependence between central pressure and radius to maximum winds. The intense Labor Day
storm of 1935, for example, had both a very small radius (6 nm) and a very large central pressure
depression (3.6 inches Hg). It is sometimes asserted that a storm of this intensity cannot exist
with a significantly larger radius, owing to energy limitations. However, this lack of
independence, if it exists as a practical matter, has not been well demonstrated using standard
statistical tests, and energy calculations show that the radius could be made much larger without
exceeding energies frequently encountered in other storms.

A related approach is the Monte Carlo Method, in which continuous distributions are used
instead of discretized distributions. Individual storms are constructed by choosing a value
randomly from each of the parameter distributions. In general, the questions of independence
raised concerning the JPM apply equally to the Monte Carlo Method, although it should be noted
that if a correlation between parameters can be specified, then it can also be accounted for in
both Monte Carlo and JPM applications. The Monte Carlo Method has an advantage over JPM;
because the distributions are not separated, the set of possible storms is not limited to a finite set,
as with JPM. The Monte Carlo Method has the potential disadvantage that a greater number of
simulations may be necessary to ensure that the tails of the distributions are adequately sampled.
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Both the JPM and Monte Carlo approaches require distribution functions for each of the storm
parameters and an estimate of the corresponding storm density (number of storms per nautical
mile per year at the study site). Two data sources in particular have been relied on in past FEMA
work: first, publications of the NWS (currently, NWS 38); and second, storm data files from
NOAA (currently, NOAA Hurricane Research Division, data file HURDAT). HURDAT is a
digital file of storm data for all identified tropical storms in the North Atlantic (now including
storms since as early as 1851). In addition to storm tracks (position at six-hour intervals),
HURDAT also contains wind and pressure information (although central pressure data are
scattered for storms before the 1960s), but no information regarding storm radius. From its storm
track information, HURDAT provides a complete data source for three of the five storm
parameters that are needed for JPM and Monte Carlo studies: forward speed, track direction, and
track position.

NWS 38 (National Weather Service, 1987) was commissioned by FEMA as a comprehensive
source of the data needed in a hurricane surge flood study. NWS presents an atlas of the required
data in graphical format for all locations along the Atlantic and Gulf Coasts (although
northeasters are not included). Track information is based on HURDAT data, whereas pressure
and radius data are based on a reevaluation of the available data from NOAA sources. Figure 7
shows the coastline coordinate system used in NWS 38.

Figures are provided in NWS 38 showing the necessary storm parameters as functions of the
coastal coordinate. For example, Figures 8 and 9 show the storm frequency for entering and
exiting storms. Figure 10 shows the manner in which a cumulative distribution is displayed (this
example is for central pressure on the East Coast).

HURDAT is relatively current, at present including storms through the 2002 season. In fact, the
data contained in HURDAT have been updated throughout during the past few years as part of a
major reanalysis.

NWS 38, however, is almost 20 years old, which is significant in that a large proportion of the
high-quality pressure and radius data that are now available may postdate the study.
Consideration should be given, therefore, to recommending more up-to-date data sources to
replace or supplement NWS 38.

There is a second difficulty with NWS 38 that is not widely recognized: Data are developed and
presented with respect to the shoreline-based coordinate system instead of natural geographic
coordinates. The reason for this is historical. The pioneering numerical surge model developed
by NOAA, the SPLASH model (Jelesnianski, 1972) originally assumed a straight shoreline with
a fixed offshore bottom slope. Three sorts of storms were allowed: entering perpendicular to the
straight shoreline, exiting similarly, or running parallel to the shoreline. In developing storm data
for the early coastal flood studies performed with the SPLASH model, statistics were naturally
specified in the same manner. Storm data categorized in this way was published in NWS 15, the
predecessor of NWS 38.
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The difficulty is that, by dividing storms into three relative path categories and then smoothing
data alongshore as shown in the figures above, one inevitably combines the three storm families
in an unknown way in the vicinity of every change in coastline orientation. For example,
consider points below and above the right-angle coastal bend at Cape Hatteras. Entering storms
below the cape belong primarily to the alongshore family above the cape, and vice versa. It is
unclear what the practical implication of this is, and has been, for FEMA coastal studies. It
should be noted that the objective smoothing procedure used in NWS 38 involves points as far
distant as 250 nautical miles on each side of a given point. It should also be noted that a
smoothing operation has the one-way effect of reducing all peaks and troughs; fluctuations in
direction-family storm counts that are solely caused by bends in the coastline should be retained
in the data (because they do not represent undesirable sample variation, which could,
legitimately, be smoothed) and should not be reduced by smoothing. Current storm surge
models, such as the FEMA surge model, ADCIRC; NOAA’s SLOSH; DHI’s Mike models, have
no coastal orientation restrictions. The most natural way to provide the necessary storm data for
these models is simply in terms of natural geographic coordinates.

Consequently, as part of the proposed effort, the appropriate storm data sources for coastal
studies should be reviewed and recommendations made. The methods for developing the
kinematic parameters (track and forward speed) may be relatively simple, using HURDAT as a
source. The appropriate radius and pressure data may be more difficult to specify, requiring the
participation of appropriate NOAA specialists. It would be extremely useful if the best available
estimates of both R and AP, as functions of track position, could be added to HURDAT or
summarized in a similar format. Existing data on these parameters are scattered through many
sources, and some are unpublished; bringing these data together in HURDAT form would be of
substantial value for coastal flood insurance studies.

Empirical Simulation Technique

A newer technique, the Empirical Simulation Technique (EST), has been developed for the U.S.
Army Corps of Engineers and has recently been approved for flood insurance applications by
FEMA. EST is a statistical technique that simulates long-period sequences of cyclic but non-
deterministic multi-parameter systems such as storm events and their corresponding impacts
(Scheffner et al., 1999; Scheffner and Borgman, 1992). The approach is based on bootstrap
resampling-with-replacement, random-neighbor walk, and subsequent smoothing techniques in
which a random sampling of a finite-length historical event database is used to generate a larger,
long-period database. The only assumption is that future events will be statistically similar in
magnitude and frequency to past events.

The EST begins with an analysis of historical storm events that have affected the study area.
Characteristics of these events can be extracted from the HURDAT database and other sources. The
selected events are then broken down to define the following components: relevant input
parameters that are used to define the dynamics of the storms (the components of the so-called input
vectors); factors that may contribute to the total response of the storm (i.e., surge), such as tidal
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phase, waves, and setup; and response vectors, which define storm-generated effects, such as total
surge. Input vectors are simply sets of selected parameters that define the total storm; response
vectors are sets of values that summarize the effects. Basic response vectors are determined by
simulating historical storms with a suitable hydrodynamic model (ADCIRC has been adopted for
surge). These input and response vectors are then used as the basis for the estimations of long-term
surge history.

The recent South Carolina Storm Surge Study (Scheffner and Carson, 2001) is a typical example of
a surge study, involving the following general sequence of steps:

@ First, input vectors were developed for the base historical storms, including as
components flood/ebb/slack tidal phase, spring-neap phase of the lunar month, minimum
distance from the eye of the storm to the station location of interest, central pressure
deficit, maximum wind speed, and forward speed of the eye of the hurricane.

@ Next, corresponding response vectors were determined by simulating each historical
event with ADCIRC. Each of 24 historic surges was combined with tide at four phases to
generate a 96-event input database for the EST.

@ The EST then generates multiple life cycles of surge-plus-tide activity. A total of 100
repetitions of 200 years was used for the South Carolina study. The large number of
generated events is consistent with the local history (chosen by random sampling of the
input vector space with random near-neighbor walk) in both frequency and magnitude.

@ The long-period simulation was then post-processed (rank ordering and frequency
analysis) to establish surge frequency relationships.

In this way, the EST uses observed and/or computed parameters associated with site-specific
historical events and does not rely on assumed parameter independence, but rather uses the joint
probability relationships inherent in the local data. Consequently, probabilities are site specific, do
not depend on fixed parametric relationships, and do not assume parameter independence; the EST
is distribution-free and nonparametric.

However, it is noted that owing to the extremely sporadic nature of hurricanes, the recorded
experience at a site may not always adequately represent the range of events actually possible at that
site; this is why it frequently happens that a new coastal flood is reported to be of unprecedented
magnitude.

4.1.3 Recommendations

To better gauge the strengths and weaknesses of the three approaches discussed here for
determination of storm surge frequency estimation—JPM, Monte Carlo, and EST—it is
recommended that all three methods be implemented in a test study using a common hydrodynamic
surge model. The particular model and coastal location used for this study may not be a critical
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matter. However, it is noted that studies using the ADCIRC/EST combination have been performed
for the following sites, from which one might be selected:

& Coast of Delaware

@ American Samoa

@ Brunswick, SC

@ Ponce and Guaynilla, Puerto Rico

@ Long Island, Raritan Bay (unpublished)

@ New Orleans/Morganza Flood Plain (unpublished)
@ Galveston, TX

@ Hilton Head, SC

@ Guam

The modeling information for studies performed with the FEMA surge model (model grids and
storm parameters) has largely been lost or discarded since completion of those studies in the 1980s.

It is important also that NOS water-level time series (or similar data) be available as a benchmark to
assist in the interpretation of the statistical results for the three methods. By using a single surge
model, differences are isolated to the statistical procedure formulated into the model and the quality
of the storm data.

To address such issues as unaccounted-for parameter interdependence and sensitivity to sample
error from a finite sample window, it would be desirable to perform numerical experiments using
storm parameter distributions specified a priori (but mimicking the observed data at the test site)
and including specified parameter correlations. From these a priori distributions, representing
known “true” conditions, one could draw, say, a set of 100-year samples and perform the statistical
studies using each of the alternative approaches.

This test effort should use both NWS 38 data and alternative data newly developed from HURDAT
and other sources. This would permit an assessment of the suitability of NWS 38 for future use by
FEMA and would provide some insight into the impact of storm data coastal smoothing in existing
studies. To achieve this, the test site should be selected from a coastal region included in NWS 38
(eliminating three of the ADCIRC/EST sites listed above) that is near a significant coastal bend.

As a longer term effort, a data compendium similar in spirit to NWS 38 might be developed or
recommended, or very specific procedures might be devised that would permit Study Contractors to
determine parameters in an objective, reliable, and reproducible way.

4.1.4 Preliminary Time Estimate for Guideline Improvement Preparation

Table 3 summarizes the preliminary estimates of time required for Critical Topic 50. These time
estimates do not include responding to comments and suggestions associated with the review of
the Guideline improvements.
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5 ADDITIONAL OBSERVATIONS

Storm surge simulations rely critically upon knowledge of a storm’s wind field and the surface
stress created by the wind. These factors are appropriately considered here under the umbrella of
Storm Meteorology, although they might equally well be addressed under the category of Stillwater.
The following additional observations are made, and corresponding additional tasks are identified in
the time and cost estimate above. These tasks will be applicable to all settings, including the Pacific
Coast.

51 WIND FIELDS

Work performed at NOAA’s Hurricane Research Division (HRD) has included the reconstruction
of several hurricane wind fields using all available data. HRD has identified systematic differences
between those reconstructions and the hypothetical descriptions given by planetary boundary layer
models currently used in storm surge models. Systematic differences are important because they
may lead to a systematic bias in surge predictions and would compromise calibrations that assume
accurate storm knowledge. A task to review the available wind models and to suggest a model for
flood insurance applications is recommended. This review should cover not only tropical storms,
but also northeasters and Pacific storms, from the standpoint of storm surge modeling.

5.2 WIND STRESS

Recent dropsonde observations made by HRD indicate that wind stress on the ocean surface may
decrease at high wind speeds. This can occur if extreme winds blow the crests off waves, creating a
smoother surface that offers less traction to the wind. Current representations of the wind stress in
storm surge models do not include such an effect. Consequently, it is recommended that an
additional task be undertaken to review the many wind stress formulations available, and to suggest
an appropriate treatment for flood insurance studies.

6 SUMMARY

The Storm Meteorology Focused Study Report addresses two broad topics: the specification of
the 100-year (or 1%) event (Topic 51) and methods to determine storm surge flood frequency
(Topic 50). The specification of the 1% flood is categorized as Critical for all regions, whereas
surge frequency methodology is categorized as Important for the Atlantic and Gulf Coasts.

The specification of the 1% flood requires consideration of combinations of processes that may
be independent or correlated, and that may combine in a linear or nonlinear manner. Important
examples are the combinations of surge and tsunami with astronomic tide, the combination of
surge with riverine rainfall flood profiles, and the combination of waves and high water.
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The primary effort will be to perform test studies using the well-documented HRS joint
probability approach to the problem of waves and high water, and, from these, to derive general
guidance for flood insurance studies. Other methods and simplifications will also be considered,
although the HRS procedures, which have been developed over many years, appear to be
comprehensive and appropriate. Simpler tasks will include preparation of guidelines for the other
identified combinations.

The recommendations for surge frequency determination include a comparison of the JPM and
EST methods and the preparation of guidelines for the use of each. Appropriate data sets will be
recommended, including not only sets for hurricanes and tropical storms, but also for
northeasters. Consideration will be given to the applicability of NWS 38 for continued FEMA
use.

Two additional tasks beyond the initial scope are suggested, dealing with the representation of
wind fields and wind stresses in storm surge models.

Table 2 summarizes the Topics and recommendations of the Storm Meteorology Focused Study
report.

Table 2. Summary of Findings and Recommendations for Storm Meteorology

Topic Topic Coastal | Priority | Availability Recommended Related
Number Area | Class | Adequacy Approach Topics
50 |Modeling AC | PRODAT | Identify and summarize data sources for storm 53-55
Procedures parameters, and compare storm surge statistical
GC ' PRODAT | methods (EST, JPM, Monte Carlo approaches
PC - - may all be valuable); prepare guidelines
SW B B describing the use of each alternative; revisit
treatment of storm wind fields and wind stress
formulation
51 |Combined AC MAJ For each major process combination, prepare All
Probabilities, oo MAJ Guidelines with recommended methodology and

Determinatio
n of the 1% pPC
Flood SW

illustrative examples. For wave-plus-high-water
MAJ perform (2 open/sheltered) case studies for Pacific
MAJ sites to: (1) Implement Wallingford approach, (2)
use NOS tide gage data, (3) use NOAA wave
buoy data. Develop practical Guidelines from
study findings, with examples

OO0 o0

Key:

Coastal Area
AC = Atlantic Coast; GC = Gulf Coast; PC = Pacific Coast; SW = Sheltered Waters

Priority Class
C =critical; A = available; | = important; H = helpful

Availability/Adequacy
“Critical” Items:  MIN = needed revisions are relatively minor; MAJ = needed revisions are major
“Available” Items: Y = availability confirmed; N = data or methods are not readily available
“Important” Items: PRO = procedures or methods must be developed; DAT = new data are required,;

PRODAT = both new procedures and data are required
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Table 3. Preliminary Time Estimate for Guideline Improvement Preparation
Topic Item Time
Number (Person months)
50 Statistical Methods for Surge Modeling (for both Atlantic/Gulf Coasts and Pacific Coast)
Identify and analyze historical long-term gage data 2
Identify and analyze storm parameter data sources
Establish procedures for methodology comparisons 3
Apply and compare methodologies (JPM, EST, Monte Carlo) using a common 4
hydrodynamic model and storm data set
Analyze results; summarize and prepare new guidelines with examples of application 5
drawn from test studies, and including recommended data sources
Additional Topic: Review best available data regarding wind fields and compare with
fields used in storm surge models; recommend the most appropriate models for FIS 2
use (tropical storms, northeasters, and Pacific storms)
Additional Topic: Review best available data for wind stress and compare with
formulations used in storm surge models; recommend the most appropriate 2
formulation for FIS use
Total 16
51 Combined Probability (for all geographic regions)

Develop guidelines for the combination of tsunami and tide, including a worked 1
hypothetical example
Develop guidelines for the combination of surge and tide, including examples drawn
from past studies (with consideration of FEMA surge studies, ADCIRC/EST, and the 1
FL-DEP Monte Carlo method)
Prepare recommendations for the combination of surge and a riverine runoff profile 1
Plan test studies (2) for Pacific Coast wave and high water combination; obtain 5
necessary data
Sandy Point, Pacific Coast Sheltered Waters test study
Perform and evaluate Pacific Coast test studies
Prepare guidelines based on findings, including illustrative examples

TOTAL 15
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1 INTRODUCTION

1.1 CATEGORY AND TOPICS

This report describes a proposed approach for the development of new FEMA Guidelines for the
determination of stillwater levels in coastal areas. Stillwater means the flood level not including
the effects of waves (wave amplitude and wave setup; setup is addressed in a separate Focused
Study Group report) or tsunamis, but including storm surge and astronomic tide. The particular
topics addressed in this report were determined during Workshop 1 of the project and are
identified below.

Stillwater Topics and Priorities

. Priority
Topic Topic Topic Description i ifi
Number Atlantic / Pacific | Non-open
Gulf Coast Coast Coast
52 Non- Provide guidance on non-stationary processes
Stationary (for example, relative sea level change) when A A A
Processes establishing current conditions
53 Reliable Identify reliable existing data to compare to
Surge Data existing FEMA flood studies to test performance C -- --
of surge models
54 & 55 | Surge vs. Develop database for surge versus wave height;
Wave Height | develop interim Pacific Coast model for surge
(possibly ADCIRC); Review the reliability of
Pacific tide data to see if surge is imbedded in -- C C
the data sets for the purpose of developing surge
factors for regions where there are little or no
tide data; provide guidance

Key: C =critical; A =available; | =important; H = helpful

Topic 52 is judged to be relatively straightforward, amounting to identification of available
information on such non-stationary factors as sea level rise and land subsidence that might affect
a coastal study.

Topics 53-55 are construed to address development of general guidelines for storm surge
evaluation on both the Atlantic/Gulf (Topic 53) and Pacific (Topics 54 and 55) Coasts, including
Pacific bays and estuaries (sheltered water areas). Furthermore, the necessary storm surge
guidance is considered to be of two types: 1) guidance regarding storm surge hydrodynamic
modeling, which will apply to both the Atlantic/Gulf and Pacific Coast insofar as general tools
and principles are involved (addressing both Topics 53 and 54), and 2) guidance regarding other
methods to estimate storm surge on the Pacific Coast and in Pacific bays, such as analysis of tide
gage records (addressing both Topics 54 and 55). Note that additional guidance is provided in an
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accompanying Focused Study prepared by the TWG on “Sheltered Waters,” which addresses
many of the coastal flood issues found in non-open coastal areas.

1.2 STILLWATER FOCUSED STuDY GROUP

The Stillwater Focused Study Group is made up of Robert Battalio, lan Collins, Robert Dean,
Darryl Hatheway, Norm Scheffner, and David Divoky who served as Team Leader.

2 CRITICAL TOPICS
2.1 Topric 53: ATLANTIC/GULF STORM SURGE

2.1.1 Description of the Topic and Suggested Improvement

This topic includes not only the identification of data sets and methods for verifying and testing
surge models, but also development of general guidelines regarding storm surge modeling. The
general modeling guidelines developed under this topic will apply equally to modeling on the
Pacific Coast (Topics 54 and 55).

2.1.2 Description of Procedures in the Existing Guidelines

Existing guidelines found in Appendix D are relatively brief, consisting primarily of checklists of
requirements for data submission and documentation during a study. The material concerned
with general surge modeling is contained in Section D.1.2.4, “Hydrodynamic Storm Surge
Model,” which, in full, is as follows:

@ Report the unique model characteristics used for the study, including a discussion of the
specific grid system and sub-grid systems employed, the grid used for bottom topography
and shoreline, small-scale features such as harbors and barrier islands, and the location
and conditions applied for the open boundaries to the grid.

@ Describe and document the adjustment to land features to account for erosion.

@ Describe and document the method used to determine average ground elevations and
water depths within the cells of the grid system. This discussion is to be augmented by
diagrams that show the grid systems as computer listings of the grid data used in the
actual model calculations.

@ Describe the method used to relate windspeed and surface drag coefficient.

@ Discuss the Manning’s “n” values used in the calculation of bottom and overland friction
and provide values in tabular form. This information will include a discussion of any
sensitivity tests used to estimate these values in nearshore water. Nearshore bottom and
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overland friction is an important part of the overall analysis and, therefore, shall be
described with care and sufficient detail.

@ Provide a graphical depiction of the model cells and grid system as an overlay to the
bathymetric charts and topographic maps covering the study area, annotated with the
individual cell inputs for the grid system.

@

Discuss the method by which barriers, inlets, and rivers have been treated.

fa

Explain the procedures used to determine inland flooding, including parameterization of
local features and selection of the friction factors used for the terrain.

Additional storm surge guidance is contained in Section D1.2.5, “Storm Surge Model Calibration
and Verification,” which consists of two paragraphs commenting on verification procedures and
required backup documentation; Section D1.4.1, “[Intermediate Data Submission] Before Storm
Surge Model Calibration Runs,” consisting of a list of eight items to be submitted for review
before proceeding with model runs; and Section D1.4.2, “Before Operational Storm Surge
Runs,” consisting of a checklist of seven items to be submitted for review before performing the
main set of statistical simulation runs. Additional general material is provided in Section D2.2,
“Data Requirements.”

These guidelines are generally based on the use of the FEMA storm surge model, although brief
mention is made of the Stone and Webster (1978) northeaster model and the possible
determination of stillwater elevations using statistical analysis of available tide gage records,
provided those records include 20 or more years of data. Section D.2.2 also states that synthetic
computer models for storm surge assessments shall be used where tide gage data is limited and
complex shorelines are present which cause appreciable variation in flood elevations for a
community.

2.1.3 Alternatives for Improvement
Storm Surge Modeling Guidelines

A numerical storm surge model simulates the effects of a hurricane, tropical storm, northeaster,
or other storm type passing over a given study area. Two basic types of data must be provided to
the model. First, the model implementation must include an accurate description of the physical
characteristics of the study area, including:

@ Offshore bathymetry and onshore topography;

@ Roughness characteristics of the ocean bed and landcover that may affect the flow of
water;

@ The nature of barriers and structures that may impede or divert the overland flow of
the flood;

3
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C The extent of elements (especially tall vegetation) that may partially shield the water
surface from wind stress.

Second, the model must include a realistic representation of the storm being simulated; in
particular, the time- and space-varying wind and pressure fields of the storm must be reflected in
the model through use of an appropriate storm submodel. Note that sheltered waters may pose
special requirements for both basin and storm description, to account for the sheltering effects of
terrain, complex flow resistance through developed areas, and changes in storm properties
associated with the on-land weakening known as filling. Further details regarding Sheltered
Waters are provided herein in a separate Focused Study Report on Sheltered Waters.

In addition to these factors describing the basin and the forcing disturbance, the model must
solve a set of equations capable of capturing the essential features of the process, including the
effects of wind, pressure, friction, overland flow (wetting and drying of land areas), and tidal
forcing and tidal potential terms. This also requires the selection of a large number of empirical
factors and functional expressions to describe, for example, bottom friction and wind stress.

Figure 1 (adapted from an unpublished diagram by Professor Robert Reid (Texas A&M)
illustrates the primary aspects of surge modeling, including the determination of the types of
waves that produce wave setup.
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4 Figure 1. lllustration of the primary aspects of surge modeling.
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The static component of setup is, strictly speaking, a stillwater component generated by radiation
stress rather than wind stress. The development and application of methods that unify the setup
and surge computation remain tasks for the future, however, and are discussed in the separate
Focused Study Group report on Wave Setup.

It is proposed that new guidelines should include general guidance regarding these factors.
Several candidate storm surge models are in current use or development that might be accepted
by FEMA for future storm surge studies. It would not be the intention of the proposed work to
evaluate specific models or to attempt to describe the details of use of any of those models at this
time, because model documentation and user’s manuals are not available at the present time.

Instead, the proposed new guidelines would involve the development of more general, high-level
guidance incorporating explanatory discussions of modeling factors that should be understood
and considered by a study contractor or a FEMA project officer. Among these factors (in italics)
are the following:

@ The governing equations of the model, typically the nonlinear long wave equations
accounting for conservation of mass and momentum, with surface wind and barometric
pressure terms representing the influence of the storm

@ The numerical scheme used by the model, whether finite differences computed on a grid
of rectangular cells (commonly of fixed size) or in curvilinear coordinates, or finite
elements represented by triangular or quadrilateral cells (of varying sizes); the numerical
scheme may also be explicit or implicit, affecting time step constraints

@ The flooding/drying treatment of cells as the flood advances onto land and then recedes

@ The storm representation, such as a planetary boundary layer model (for a hurricane) or a
simpler empirical/parametric description, including both wind and pressure; the storm
representation will be quite different for hurricanes, northeasters, and Pacific storms,
although the modeling principles remain the same in each case; on-land filling will be
significant for sheltered waters

@ The wind stress coefficient, which relates the wind speed at the surface to the stress felt
by the fluid

@ The sheltering treatment, adjusting the effective wind stress to account for partial
reduction by tall vegetation, terrain, and structures (especially significant for sheltered
waters)

@ The offshore bottom friction treatment over the relatively smooth ocean or bay bottom,
which retards the flow
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The onshore flow resistance treatment accounting for bottom friction and resistance
offered by tall vegetation and structures (critical for sheltered waters)

The source and quality of bathymetric data, defining the varying depths at the site

The source and quality of topographic data, such as traditional quad sheets or newer
LIDAR data

The manner in which normal storm erosion alters the topography used in the model

The manner in which catastrophic erosion might affect the modeling assumptions, in the
event of loss of a major barrier to inland flooding

The representation of the bathymetry and topography in the model grid system, which
depends on the numerical scheme

The faithfulness of the grid to the irregular bathymetry and terrain, including
conformance to boundary shapes and inclusion of small sub-grid barriers

The resolution of the grid, whether fixed or varying through the study area

The boundary conditions, which impose approximate rules along the edges of the model
area, both offshore and onshore, permitting termination of the calculations at the expense
of accuracy

The treatment of astronomic tide, which might be handled as part of the simulation
through the boundary conditions or treated as an added effect separate from the surge
simulations; if the computational domain is large, tidal potential terms need to be
accounted for in a simulation

The types and limits of calibration that might be done, including small-amplitude
astronomic tide reproduction, for which calibration data are reliable

The role of verification hindcasts to confirm the apparent reasonableness of the final
model when compared with historical surge records

The role of wave setup (a separate topic in this guideline development project)

The general manner in which surge statistics are generated from multiple surge
simulations (the subject of Topic 50 of the separate Storm Meteorology effort)

These guidelines will be developed through review of the storm surge literature and consultation
with developers and users of major storm surge models. Although hurricanes are usually the
focus of this discussion, northeasters are also to be included in the guidelines. Numerical
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hydrodynamic modeling, and the use of tide gage analysis, will be addressed as envisioned
below in Topics 54 and 55 for the Pacific Coast.

No new methodology development is proposed, with one possible exception. The problem of
catastrophic erosion of a coastal dune should be considered as a special modeling problem.
Consider an embayment and an inland region protected from surge by a high dune ridge. In
previous FEMA surge modeling, such dunes may have been overtopped in the course of a
simulation, but were treated as being simply submerged. However, as happened near Hatteras
during Hurricane Isabel, overtopping can lead to washout of a considerable portion of the dune,
creating a new inlet and permitting a sudden large increase in flood penetration not envisioned in
the model. For Pamlico Sound, this may or may not have been significant for the overall
determination of surge, since the sound is so large that the additional flow occurring during the
few hours of high storm tide may not have appreciably affected sound-side water levels.
However, a similar circumstance could make a significant difference in a region with a high
barrier protecting low, developed areas. (It is noted that Scheffner, in a study for Fire Island to
Montauk Bay, included erosion and breaching of the barrier island as part of a surge simulation
and found a significant effect in Great South Bay.) This is not a deterministic process, although it
is a frequent event during very large storms. It is proposed that its importance to storm surge
modeling and stillwater determination be assessed and that, if it is found to be significant, then
suggestions for future study beyond the present scope should be developed.

The style of the proposed guidelines will be consistent with the general approach of the existing
guidelines, although more descriptive than prescriptive. Topic discussions may be illustrated by
examples drawn from past surge studies performed with both finite difference and finite element
models (perhaps both the FEMA surge model and the newer ADCIRC model).

The existing guidelines described above are primarily concerned with documentation and interim
review of the storm surge modeling effort. That material, added to the guidelines in 2002-2003,
was a significant improvement over the original 1995 draft, which was essentially mute on surge
modeling. The proposed guidelines would preserve and refine the 2002—-2003 documentation
and review sections of the most recent existing guidelines.

Extremal Analysis of Tide Gage Data

Although the discussion above assumes only two-dimensional (2-D) hydrodynamic modeling
would be used to determine storm surge levels, the direct use of tide data is another approach that
must be considered. As will be discussed below for surge estimates on the Pacific Coast, it is
possible to extract stillwater data from tide gage records by subtracting the known astronomical
component. The residual data represents the contribution of all other low-frequency (i.e.,
stillwater) processes, including wave setup, although it should be noted that owing to large
spatial variability, the setup captured at the gage may not be representative of setup in even
relatively nearby areas.
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With a sufficient period of record (the existing guidelines mention 20 years), an extremal
analysis of the residual record after tide removal can be used to estimate the 100-year stillwater
level at the gage site. Consideration of this approach will be included in the work outlined below
for Topics 54 and 55. As discussed there, limiting factors include the quality and duration of the
available data and the possibility of significant spatial variation with increasing distance from the
gage site. The new work will include reconsideration of the required period of record as it affects
confidence levels. The general approach to this task is not unlike extremal analysis in other
hydrologic applications, including the problems of selecting an appropriate idealized probability
distribution function, such as an extreme value distribution, and a method (e.g., moments,
maximum likelihood) of determining the parameters of that distribution based on the local data
sample (which could be the annual series of peak events). Many approaches are possible, with a
great variety of choices of specific procedures. The proposed work will evaluate these
alternatives and specify recommended procedures.

Evaluating the Accuracy of Storm Surge Estimates

A perceived need in the present coastal flood study program is a way to determine whether or not
an existing study gives a reliable 100-year estimate, or whether a restudy that uses newer
assumptions or tools is warranted. This is a difficult question, especially on the Atlantic and
Gulf coasts where hurricanes are the dominant flood contributors, because hurricanes are
extremely sporadic and variable, and because mapped flood levels cannot be identified with any
particular storm. Many agencies have different purposes and numerical modeling approaches for
evaluating hypothetical storm effects which may also confuse this issue. For example the
National Oceanic and Atmospheric Administration (NOAA) prepares hurricane evacuation

maps, which depict the inundation of particular hypothetical storms defined by storm track and a
Saffir/Simpson rating. The purpose of these maps are different than those needed for FIS studies.

In performing these surge studies, there is little opportunity for so-called model calibration.
Beyond minimal calibration of ordinary small-amplitude conditions based on the simulated
behavior of astronomic tide, for example, storm surge models are relatively closed-box affairs,
assumed to be pre-wired with all the essential physics of the flood processes. In any case, the
basic requirements for calibration are rarely well satisfied. To calibrate, one needs accurate
knowledge of both the forcing disturbance (the storm) and the basin response (the resulting high
water); neither of these are abundant for hurricane surge, although data are available from long-
term National Ocean Survey (NOS) stations, publications such as Characteristics of the
Hurricane Storm Surge (Harris, 1963), and in a variety of reports from the U.S. Army Corps of
Engineers (USACE). Storm details are not known with any great accuracy because storms can
fluctuate rapidly in size and intensity, and may appear chaotic when compared with the idealized
representations used in models. Similarly, the basin response is seldom known with accuracy at
more than a very small number of points inside surviving structures and at tide gages; highwater
marks obtained in open areas may be contaminated with an undetermined amount of runup and
setup. Gages commonly fail during the most significant events; for example, the gage at Duck
Pier, North Carolina, failed just as the surge from last year’s Hurricane Isabel began to rise.

8
N — -
FEMA CoASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FoOcuseD STubDY REPORTS

STILLWATER

—————————— . ————

In view of these twin deficiencies, robust calibration of a storm surge model is not a common
option in a FEMA study. To calibrate a model against typical storm and high water data (for
example, by adjusting the wind stress coefficient) would be to build a systematic error into the
model that cancels the unknown random errors in the storm description and flood observations.
This systematic error would then be imposed on all subsequent simulations made during the
development of the surge statistics. In lieu of calibration, modelers perform model validation
tests by hindcasting historical storms to ensure that the model produces results that are in
qualitative, if not quantitative, agreement with observations. With the luxury of several storms,
the modeler might simply hope to be high in some cases and low in others. Still, without a real
calibration, it is reasonable to question whether the basic hydrodynamic model might contain a
systematic bias, either high or low, affecting all simulations that contribute to the 100-year
determination.

After a study has been completed and mapped, new storms will eventually occur at the site and
will inevitably be compared with the study. If a storm produces elevations less than those
mapped, the conclusion might be reached that it simply was not a 100-year storm because
weaker storms occur all the time and so are not surprising. Of course, the entire past history at
the site can also be compared with the mapped levels. If the record contains no severe events,
then the temptation might be to assume that the study was biased to the high side. Conversely, if
a new storm creates levels above those mapped, then it is very likely that the accuracy of the
study will be questioned. Worse, if two or more such strong storms occur within a few years
after the study, or if the record at the site contains several such events, then it may seem natural
to conclude that the study was biased to the low side, is understating the hazard, and should be
redone.

This reasoning is not decisive, however, and (when clarified) suggests a way to test the accuracy
of the existing 100-year coastal flood levels, and perhaps to help perform a global calibration,
where a local calibration had been impossible. The key observation is that random events do not
occur more or less uniformly over their domain, but instead must exhibit predictable
irregularities of occurrence. In the case of floods observed at a large number of sites, some sites
must be found that have gone for extremely long periods without experiencing a severe event,
whereas other areas must have experienced multiple severe events. There must be “good luck”
and “bad luck” communities. If the mapping were to be fine-tuned so that experience and
mapping were highly consistent throughout, then the mapping would be flawed.

This suggests the possibility of a statistical test of the reliability of the existing 100-year values,
which might proceed along the following conceptual lines. Imagine that the coastline were
divided into a series of zones, each large enough so that floods within them could be considered
statistically independent—i.e., large enough that a particular storm tends to affect only one such
zone, yet small enough that occurrence of a 100-year event affects the majority of the zone.
Considering floods of 100-year magnitude, the zone size might be on the order of the radius of
maximum winds typical of an area—perhaps just a few tens of miles. This would suggest on the
order of 100 zones covering the entire area of the Gulf and Atlantic Coasts.
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Next, imagine that, for all zones, there are N years of historical flood data (high water marks). In
any given zone, there is a certain probability of having experienced no event exceeding the 100-
year level during those N years, another probability of having experienced one such event, or
two, or three, and so forth. From these considerations, one can estimate how many of the
conceptual coastal zones should have experienced 0, 1, 2, ... floods exceeding the 100-year level
in the N years of record. These expected numbers can then be compared with observation. If it
were found that the count of observed exceedances was significantly greater than expected, then
one would suspect that the mapping systematically understates the flood hazard. Conversely, if
the count of exceedances was substantially less than expected, the mapping might be suspected
to overstate the hazard.

Had all studies been performed in a systematic way using exactly the same surge modeling
techniques, one could imagine performing a global calibration of the model to raise or lower the
general levels of the mapping, in order to achieve a reasonable fit between the observed and
expected rates of extreme occurrences. In reality, the existing flood studies were not all
performed in a systematic way, even when the same surge model was used—different Study
Contractors undoubtedly made differing assumptions that would affect the homogeneity of the
data used in this conceptual approach. However, a statistical review (such as that recommended
above) might help reveal such anomalous local studies, which would be identified as zones of
inconsistency with adjacent zones.

This section discusses how an approach might be developed. There are difficulties with the zone
idea (presented as a conceptual aid), especially in the definition of such zones (large enough to
ensure independence, yet small enough to respond as a unit to the 100-year flood). Consider, for
example, a strong alongshore storm that could affect a long stretch of coast, and so violate the
independence assumption. For the present, we propose only to investigate (in consultation with a
statistician such as Professor Borgman [University of Wyoming]) whether such an approach
could prove fruitful and, if so, to outline specific methods for future work. A substantial portion
of the effort required in this task would be the identification of suitable data sources. The
immediate effort described above remains in the critical category; if successful, the follow-on
effort would be categorized as important, requiring a longer performance period than is presently
available.

Regional Modeling

In early FEMA storm surge studies, it was common to perform a separate study for each county.
One major reason for this was limited computer capacity, which severely restricted the grid sizes
that could be accommodated in even the largest machines at the time. For example, even the
vaunted CDC 7600 supercomputer had only 64K words of small-core memory and 512K words
of large-core memory, with comparably limited disk storage capacity, and a 36 MHz clock speed
(1% of the speed and capacity typical of desktop personal computers today). Use of the CDC
7600 typically cost on the order of $1 per second. Because each study area was restricted in size,
many separate studies were required; because computing costs were high, the original coastal
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flood studies were extremely expensive (typically involving computer charges of about $100,000
per county).

With tremendous recent advances in computational power, as measured by both speed and
capacity, many of those early modeling constraints have been eliminated, and direct machine
charges are now negligible (although proprietary modeling software may be a substantial cost).
This suggests that it might be preferable to plan future surge modeling efforts on a regional,
rather than a community, basis.

It is proposed, therefore, to provide general guidance on factors that should be considered in
scoping a regional modeling effort. In particular, surge modeling is significantly challenged with
the problem of boundary conditions. Performing a regional study encompassing many counties
would not only reduce costs, but also enhance modeling accuracy by greatly reducing the
number of problematic boundaries. Furthermore, through judicious placement of the regional
study boundaries, difficult open-water boundaries may be traded for more tractable land
boundaries. Recent work of a regional nature includes studies of the coast of South Carolina and
Texas from Sabine to San Luis Pass (Scheffner et al., 2001, and in prep.)

2.1.4 Recommendations

It is recommended that four distinct tasks be undertaken in response to Topic 53. The first is a
general review of storm surge modeling requirements from the perspective of FEMA and coastal
flood insurance studies, leading to the development of a set of broad guidelines for conducting
storm surge studies. This will require an assessment of many factors that go into conducting a
surge study, ranging from the inherent abilities and limitations of numerical surge models to
practical considerations of model selection and implementation in particular cases. The
guidelines should include illustrative materials drawn from past studies and an annotated
bibliography as a resource for more detailed study. It is beyond the scope and intent of the
proposed work to evaluate the merits of particular models; that effort will remain separate as part
of FEMA’s accepted models review process, although the material developed in this study will
help to provide a framework for that determination.

The second recommendation is for an outline of procedures to extract stillwater data from tide
gage records. This overlaps with Topics 54 and 55 for the Pacific Coast, including Non-Open
Coast regions, and is discussed in the following section.

Third, the Focus Study Group recommends an effort to develop a global method to assess the
accuracy of FEMA'’s coastal storm surge studies. The random and sporadic nature of local surge
history makes it difficult to determine whether coastal maps are appropriate. Recent catastrophic
events may be given more weight than they deserve, since it is to be expected that several events
exceeding local determinations must occur at some locations over an interval, while a lack of
extreme events should characterize other areas. By considering the global history over the entire
length of the U.S. coastline, it may be possible to determine whether the established coastal
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elevations are exceeded more or less frequently than expected for the assumed case of accurate
maps and random local experience.

The fourth recommendation is for development of guidance regarding study planning—in
particular, how studies might be grouped regionally to minimize costs while at the same time
improving accuracy. Whereas existing FEMA studies were typically performed on a county-by-
county basis, the enormous advances in modeling technology over the past 20 years now permit
much greater flexibility in model design. Multi-county and statewide (or larger) efforts are
entirely feasible, and may also result in improved accuracy of results.

2.1.5 Related “Available” and “Important” Topics

Table 3 at the end of this report presents estimates of times required to accomplish the tasks in
this topic.

2.2  Toprics 54 AND 55: PACIFIC STORM SURGE (INCLUDING NON-OPEN COAST)

2.2.1 Description of the Topic and Suggested Improvement

Storm surge is of smaller magnitude on the Pacific Coast than on the Atlantic and Gulf coasts
and so may not commonly require a detailed numerical model to obtain reasonable estimates.
Instead, it may be possible to derive estimates of storm surge from tide gage records or
simplified computations. When a 2-D hydrodynamic modeling effort is required, the proposed
guidelines discussed above for Topic 53 will be appropriate, provided that the selected surge
model has the capability to represent the wind and pressure fields appropriate to the Pacific
Coast.

2.2.2 Description of Procedures in the Existing Guidelines

No specific guidelines have been identified for Pacific Coast storm surge, although the Atlantic
and Gulf Coast guidelines discussed above are generally applicable. That is, basic numerical
modeling considerations will be the same, although site-specific differences including especially
the wind and pressure model must be accounted for.

2.2.3 Alternatives for Improvement
Tide Gage Analysis

Instead of the storm surge modeling discussed above in Topic 53, an alternate approach is to
derive the 100-year stillwater estimate from an analysis of historical data. For this purpose, a
wealth of tide gage data are available for coastal stations on both the Pacific and Atlantic/Gulf
Coasts. The NOAA CO-OPS data archive (http://co-ops.nos.noaa.gov/data_res.html), for
example, includes 117 coastal gages with 25 or more years of data. These data, by their nature,
include all stillwater components but do not include the higher frequency wave effects, which are
not appropriate to use in a stillwater determination. The stillwater components captured in the
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gage data include storm surge (i.e., wind setup and pressure effects), wave setup, tsunamis,
astronomic tide, and possibly a freshwater contribution from stream discharges. Most gages are
located in protected. Sheltered Waters areas in bays and harbors and areas on the open coast
without gage data will be discussed later. Owing to the spatial variability of wave setup, it is
noted that although the local setup is captured in gage data, it may not be representative of other,
relatively nearby areas.

The portion of the record attributable to astronomic tide is considered to be reasonably well
known for each gage site by previous determination of the local tidal constituents. This fact
makes it possible to compute the expected tide contribution at any time and then to subtract it
from the record, leaving as the difference the sum of all other stillwater contributors. In this
approach, wave setup is automatically included with the storm surge component, unlike present
surge modeling practice, in which surge and setup are computed separately and appropriately
added. In fact, all long-period processes, including tsunamis, are automatically included.

After subtracting the predicted tide from the gage records, an extremal analysis can be performed
on the residual data to estimate the local 100-year level. The quality of this estimate will depend
on both the reliability of the data and the duration of the record. Examples of the available
NOAA CO-OPS data for two storms are shown in Figures 2 and 3.

Figure 2 shows data recorded during a January 1988 storm in Southern California, which is
thought to approximate the 100-year (or greater) event; despite the severity of the storm, the
storm tide component is seen to be quite small. Figure 3 shows data recorded at San Francisco
during a 1998 storm. In this case, the water level was elevated above the expected tide by about
two feet at the Presidio tide gage. Part of the anomaly (residual) was attributable to the EI Nifio
climatic condition, which was strong in winter 1997-98. Water levels in the vicinity were
elevated an average of one foot for the entire winter. It is interesting to note that Sausalito is
within 5 miles of the Presidio tide gage but experienced noticeably higher stillwater levels. The
additional elevation was probably caused by local wind setup induced by strong southeasterly
winds, and by rainfall runoff entering San Francisco Bay from upstream drainage basins,
including the Sacramento and San Joaquin Rivers (Philip Williams and Associates Ltd. [PWA],
2002). This demonstrates that local variability may be substantial in large sheltered-water
embayments, so that direct use of gage data may be limited to the near vicinity of the gage. It is
noted, however, that in large sheltered waters where gage data is not comprehensive, and where
the simplified one-dimensional (1-D) storm surge model discussed below is not appropriate or
adequate, the full capability of one of FEMA’s approved 2-D surge hydrodynamic models can be
used to determine surge behavior and statistics.

The proposed task is threefold: to identify candidate sources of appropriate tide data, to examine
a sample set to determine the extent to which the candidate sources can be used for flood
insurance studies, and to estimate the reliability of the derived 100-year flood elevations. As
discussed above, the methods of data analysis are similar to the analysis of other stochastic
hydrologic data, including selection of an appropriate probability distribution function,
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determination of distribution parameters from the site sample, and so forth. Reliability
considerations will include not only sample error associated with the duration of the record, but
also the potential significance of variability near the site. This is particularly important in
sheltered waters where tidal hydrology can vary substantially with location. Recent FEMA flood
studies in Puget Sound/Strait of Georgia provide examples of tide gage data analysis approaches
(PWA, 2002). Previous baywide studies have also addressed the distribution of high waters using
tide gage data (U.S. Army Corps of Engineers [USACE], 1984). The importance of variability is
not limited to sheltered waters, however. For example, the contribution from wave setup can
vary rapidly from place to place, even along the open coast. The suggested effort will also
provide case study examples for inclusion in the proposed guidelines.
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Simplified Surge Modeling

Where adequate records are not available, such as on the Open Coast in areas without gage sites,
more traditional efforts such as numerical simulation of surge, wave hindcasts, tsunamis, and
combined probability studies may be necessary. However, because the surge component is
expected to be relatively small, it may also be possible in many cases to derive estimates of
sufficient accuracy from simplified computations. This might be done, for example, following
the approach used by the Florida Department of Environmental Protection (FL-DEP) for
determining coastal construction control lines.

The FL-DEP applies a storm surge calculation approach that uses both 1-D and 2-D storm surge
models (see, for example, Dean et al., 1992). A primary benefit of this approach is the fact that a
very large number of simulations (including an appropriate representation of astronomical tide)
can be made at minimal cost, from which the 100-year surge levels can be derived. The 2-D
model is applied for verification of historical storms and for calibration of the one-dimensional
model. Once calibrated, the 1-D model is used for the numerous production runs.

A flow chart of the procedure, taken from a FL-DEP study, is presented in Figure 4. Any valid
2-D model, such as the FEMA Surge Model or ADCIRC, could be used, although the FL-DEP
uses a variable-grid explicit-implicit model that allows for overland flooding. The 2-D model is
first applied for comparison with historical storm data (although the chart specifically mentions
hurricanes and factors specific to the source study, the procedure would be modified to use
Pacific storms for West Coast applications). Generally, no adjustments are made to the 2-D
model, which is used at this stage primarily for validation and/or to estimate the degree to which
it agrees with the historical data.

Following the verification stage, the 2-D and 1-D models are run for a common set of storms
with ranges of storm parameters bracketing those anticipated to produce the 100-year surge. For
various classes of storms, correlations are developed between the 2-D and 1-D generated
maximum surges in the linear form:

(M) 2-0 = M ex )1 o +b 1)

An example result is shown in Figure 5 for landfalling hurricanes on a particular transect
(profile) in Palm Beach County, Florida.

It should be noted that the average difference between the 1-D and 2-D simulations in this
example is only 7%, and that this is the level of difference found in the FL-DEP study for Palm
Beach County, Florida. For the hurricane surge conditions in Florida, a difference of this
magnitude approaches 1 foot and so is significant. However, the situation is quite different for
the Pacific Coast.
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If the expected 100-year surge at a Pacific Coast site is on the order of 2 feet, then a 7%
difference would amount to less than two inches. In other words, the added effort and cost of 2-D
simulations might not generally be needed on the Pacific Coast, unless the 1-D estimate was
calculated to be more than, for example, 7 feet, corresponding to a 0.5-foot error. Tests would
need to be done for a few typical Pacific Coast conditions (bathymetry and wind fields) to verify
the degree of 1-D model accuracy and to provide guidance about when additional 2-D
simulations would be needed.

An attractive feature of the FL-DEP approach is that using such an efficient and economical 1-D
surge model makes it possible to handle the combination of surge and tide in an extremely
natural way. The procedure, discussed under Topic 51 of the Storm Meteorology Focused Study
Report, is to randomly choose a different tide history (drawn from the peak storm surge season)
to be used as the seaward boundary condition for each 1-D simulation. That is, to determine the
100-year surge, one simulates a large number of storms with different combinations of
characteristics drawn from the local storm population. For each of these storms, a starting time is
chosen at random from the appropriate storm season. Then the nearshore tide variation is
determined, starting at that time and continuing for the duration of the surge simulation. By
taking this time-varying random tide segment as the boundary condition, the influence of that
tide is accounted for. By repeating this for many hundreds or thousands of storm simulations
(fast and inexpensive with a 1-D model), all likely tide amplitudes and phases are reflected
properly in the results.

2.2.4 Recommendations

The Focused Study Group’s recommendations consist of two major tasks. The first is to establish
procedures for extracting the required surge data from tide gage records and prepare
corresponding guidelines for Study Contractors. Recent flood studies in Puget Sound/Strait of
Georgia (Region X) can be used as examples of analysis methods (PWA, 2002). This does not
require the development of any fundamentally new methodology. However, it will be useful to
clearly lay out the procedures for Study Contractors and it will be necessary to identify data
sources and perform test studies to verify the suggested procedures and assess limitations of the
approach. Discussions of limitations will include statistical limits inherent in the varying lengths
of available data records. Separate discussions and guidance should be developed regarding the
physical limitations and temporal and spatial variation often found within large bays and
sheltered waters. The guidelines to be developed should include illustrative examples drawn
from the test studies.

The second major task will be to develop procedures for surge estimation in areas for which an
adequate tide gage record does not exist, including most Open Coast areas. Procedures for
defining the modeling domain and selecting an appropriate model will be presented. When
warranted, the detailed numerical modeling methods used for hurricane studies on the
Atlantic/Gulf Coasts would also serve for the Pacific Coast, as long as the adopted numerical
models are able to properly simulate Pacific Coast wind and pressure fields. However, because
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surge is much smaller on the Pacific Coast than on the Atlantic/Gulf Coasts, simplified methods
may suffice. In particular, the use of a 1-D surge model may be adequate for most cases,
minimizing the costs of model implementation and simulation. An assessment of storm
meteorology and data sources would be necessary to determine the best manner for specifying
winds and pressures and their associated frequencies. Test studies should be performed at
selected sites to verify the feasibility of the recommended approach. New guidelines
summarizing the procedures would be developed, including illustrative examples.

2.2.5 Related “Available” and “Important” Topics

Table 2 at the end of this report presents estimates of times required to accomplish the tasks for
these topics.

3 AVAILABLE TOPICS
3.1 ToprIiC 52: STILLWATER NON-STATIONARY PROCESSES

3.1.1 Description of the Topic and Suggested Improvement

The task identified under Topic 52 is a straightforward effort to provide guidance alerting a
Study Contractor to the possible importance of non-stationary (or non-steady) processes in a
study. The guidance might include, relative sea level rise, tectonic uplifting, land subsidence, or
a combination of these processes (effective elevation change). These might need to be accounted
for in the interpretation of historical data, whereas ongoing subsidence would need to be
considered for its immediate impact on a new study and discussed with the FEMA project
officer. The effort suggested here is primarily one of providing guidance alerting the user to
these possibilities and advising on the availability of suitable data. In addition to relative sea
level changes, changes in winds and waves and other climatic features should be addressed.
These aspects have been summarized in several books and papers by Komar, including the
individual processes of sea level rise, uplift, and subsidence and the effects of combining these,
including data and statistics for areas on the Pacific Coast (Komar, 1998, 1988, and 1997).

3.1.2 Confirm “Availability”

Both sea level rise and land elevation changes (uplift and subsidence) contribute to relative sea
level changes; a great deal of data and data summaries exist for both of these processes. For
example, the Philadelphia District of the U.S. Army Corps of Engineers maintains a web page
(www.nap.usace.army.mil/cenap-en/sir_links.htm) with links to numerous government data
sources for sea level change, including the NOAA CO-OPS Sea Levels Online site. NOAA has
determined the rate of mean sea level rise/fall for 117 long term water level stations and, from
these, has determined trends, seasonal cycles, and interannual variations caused by fluctuations
in ocean conditions, including El Nifio effects. Figure 6 indicates the distribution of those study
sites and the approximate magnitudes of the long-term trends that have been determined.
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Figure 6. Observed sea level trends along U.S. coastlines.

The estimated trends in many regions along the Pacific Coast are seen to be small and may have
little importance for flood insurance studies; however, as noted below, it may still be valuable to
document the changes and indicate their significance as part of a flood insurance study.

Land subsidence may be more significant than area-wide sea level change for many study sites.
The U.S. Geological Survey (USGS) and other sources have documented land subsidence
throughout the United States, although subsidence is frequently a very local result of
groundwater extraction or oil and gas extraction. Along the Pacific Coast, however, significant
tectonic uplifting occurs as a result of regional geologic processes and active plate tectonics.
Consequently, despite the great quantity of large-scale data, it will still be necessary for Study
Contractors to explore local data sources to identify local problems and determine whether such
effects merit discussion with the responsible FEMA program manager. Such sources of
information would include discussions with and information from community officials, resource
agencies, and local surveyors. New guidelines should identify the major national and regional
data sources and provide general advice regarding ways to locate local data. (For example, see
San Francisco Bay Conservation and Development Commission, 1987).

3.1.3 Availability—Other Factors

There are indications within the literature that weather patterns are changing, and these could
have an impact on the interpretation of flood studies and study data. For example, recently
revised historical wind patterns that were undertaken for GROW (Global Re-analysis of Ocean
Waves; see, for example, Cox and Swail, 2001) appear to show increasing winds and wave
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heights in the North Atlantic. However, the real increases in winds may be at least partially the
result of the fact that measurement instruments and techniques have changed with time (for
example, anemometers on modern ships are at a greater elevation, above the standard 10 meter
elevation, than was the case on older vessels). Efforts have been made to account for such
effects, but it has not always been possible to determine the actual measurement conditions.
Another confounding factor is that the wind measured at most offshore data buoys is at elevation
5 meters rather than the traditional standard of 10 meters.

Additional factors, such as variations in solar (sun spot) activity and El Nifio cycles, can also be
considered as potentially significant non-stationary factors. However, a database of 20-25 years
(the minimum desired to estimate the 100-year event with confidence for FEMA studies) for a
process that might be affected should already include the net effects of such phenomena. Study
Contractors should be aware of these factors and avoid confusing such cyclic non-stationary
influences with other hydrometeorologic processes.

Although standard FEMA practice is to address current conditions only, it could also be
appropriate to identify and discuss periodic seasonal changes (such as significant EI Nifio
oceanic conditions) and future changes arising from other significant non-stationary
contributions. In a 1991 FEMA report titled Projected Impact of Sea Level Rise on the National
Flood Insurance Program, for example, the potential impact of rising sea levels was
investigated. It was concluded, at that time, that a relative sea level rise of up to 1 foot could be
tolerated without major impact, but that a longer term rise of 3 feet would have severe financial
consequences. Such background discussion might be appropriately included in the guidelines,
even if not deemed essential to performance of a study.

More directly pertinent to a study would be an effort to document the expected magnitudes of
non-stationary effects, even though small, and to estimate their projected impact over time; if
nothing else, this might allay concerns and questions. If a linear trend were assumed for sea
level rise, say, one could easily prepare a table for a given study site showing how the BFESs
would change were the trend to continue. With time, the 100-year level would rise in
approximately the same way as sea level (as long as the change is small), so that the 100-year
level as determined by the study would be a more frequent event at any future date. Were the
projected rate of rise to be 2 feet per century, for example, then after ten years (well within the
life of a typical flood insurance study) the true BFE would have risen 0.2 foot and the mapped
flood would have declined from the 100-year level to, say, the 90-year level. These magnitudes
may not be critical in most areas, yet their documentation as part of a study might be useful to
both FEMA and the communities.

3.1.4 Related “Available” and “Important” Topics

Table 3 at the end of this report presents estimates of times required to accomplish the tasks in
this topic.
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4 IMPORTANT TOPICS

None identified.

5 ADDITIONAL OBSERVATIONS

None.

6 SUMMARY

The Stillwater Focused Study addressed two broad topics: non-stationary processes such as
effective sea level rise, and storm surge issues. Non-stationary processes (Topic 52) are
categorized as Available; the primary effort will be to identify data sources, provide a discussion
of ways in which non-stationary processes relate to flood insurance studies, and provide
guidance to Study Contractors regarding their possible significance in a study and what material
should be presented to FEMA for consideration.

The storm surge issues are divided into modeling factors for the Atlantic/Gulf Coasts (Topic 53)
and alternate and/or simplified methods for the Pacific Coast (Topics 54 and 55), where surge is
of less consequence. The primary effort recommended for the Atlantic/Gulf Coasts is to write
detailed guidelines regarding storm surge and storm surge modeling, including discussions and
recommendations for the numerous factors that affect a modeling effort. A secondary effort will
be to review existing and planned coastal studies to suggest how regional study efforts might
prove more economical and more accurate than county-by-county studies, as has been the usual
practice. A final recommendation is to investigate ways to assess the accuracy of existing and
future coastal studies, including a global statistical review and comparison of mapped BFES with
the historical record.

Table 1 summarizes the Stillwater Focused Study topics and recommendations. Table 2 presents
a preliminary estimate of time necessary to complete recommended tasks.
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Table 1. Summary of Findings and Recommendations for Stillwater

Topic . Coastal | Priority [Availability / Related
Number Topic Area Class Adequacy Recommended Approach Topics
52 |Non-Stationary AC A Y Identify and summarize data sources for --

Processes GC A v sea level rise and land subsidence and/or
uplift; provide basic guidance regarding
PC A Y significance of non-stationarity in flood
SW A Y insurance applications; include guidance
on interpretation of historical data.
Suggest documentation of projected map
impact
53 |Storm Surge AC C MAJ Develop overview guidance for surge 6
Modeling GC C MAJ modeling; define procedures to assess 44-48
accuracy of surge estimates ; suggest
PC - - regional modeling approaches for study
SW -- -- economy
54 & |Pacific Coast AC -- -- Identify tide gage data sources; develop 6
55 |Storm Surge GC procedures for surge extraction from tide | 44-48
gage records for FIS use (including test
PC ¢ MAJ studies); develop simplified numerical
SW C MAJ modeling method for areas without data
(1-D Pacific Surge Model)

Key:

Coastal Area
AC = Atlantic Coast; GC = Gulf Coast; PC = Pacific Coast; SW = Sheltered Waters

Priority Class
C = critical; A = available; | = important; H = helpful

Availability/Adequacy
“Critical” Items: ~ MIN = needed revisions are relatively minor; MAJ = needed revisions are major
“Available” Items: Y = availability confirmed; N = data or methods are not readily available
“Important” Items: PRO = procedures or methods must be developed; DAT = new data are required;

PRODAT = both new procedures and data are required
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Table 2. Preliminary Time Estimate for Guideline Improvement Preparation

Topic item Time
Number (Person months)
53 Atlantic/Gulf Storm Surge
Develop storm surge modeling guidelines 6

Allocated under

Develop guidelines for surge extraction from tide gage data Topics 54 and 55

Develop approach for global assessment of surge accuracy and identify data sources 4
Develop guidance for regional modeling 2
TOTAL 12
54 & 55 | Pacific Storm Surge (including Non-Open Coast)
Identify sources and assess tide gage data for surge extraction 3
Perform test/example studies of tide gage surge analysis including assessment of 4
limitations
Prepare contractor guidelines for tide gage surge evaluation 3
Develop simplified surge model for Pacific coast applications, including frequency 6
methods and identification of input data types and sources
Perform test/example studies using simplified modeling approach 4
Prepare contractor guidelines for the simplified Pacific surge modeling approach 4
Total 24
52 Stillwater Non-Stationary Processes
Identify.and summarize data sources for sea level rise, land subsidence, and other 5
non-stationary processes
Prepare study contractor guidelines regarding the significance of non-stationary 5
processes, data sources, and documentation requirements
Total 4

7 REFERENCES

Cox and Swail. 2001. A Global Wave Hindcast over the Period 1958-1977: Validation and
Assessment. Journal of Geophysical Research Vol 106

Dean, R.G., T.Y. Chiu, and S.Y. Yang. 1992. Combined Total Storm Tide Frequency Analysis
for Palm Beach County, Florida. Florida Department of Natural Resources.

Federal Emergency Management Agency (FEMA). 1991. Projected Impact of Sea Level Rise
on the National Flood Insurance Program.

Harris, D. Lee. 1963. Characteristics of the Hurricane Storm Surge. (Technical Paper 48.) U.S.
Weather Bureau.

Komar, P.D. 1988. Beach Processes and Sedimentation, 2nd edition. Prentice-Hall.

23
. ’\,’—\_,’\/)\/

FEMA COASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FocuseD STubY REPORTS

STILLWATER

S ——

. 1997. The Pacific Northwest Coast: Living with the Shores of Oregon and Washington.
Duke University Press, Durham, NC.

. 1998. The 1997-98 EI Nifio and Erosion on the Oregon Coast. Shore & Beach,
66(3):33-34.

Philip Williams and Associates Ltd. [PWA]. 2002 (November 6). Sausalito Flood Study.
Prepared for the City of Sausalito, California.

San Francisco Bay Conservation and Development Commission (BCDC). 1987. Future Sea
Level Rise: Predictions and Implications for San Francisco Bay. Prepared by Moffatt &
Nichol Engineers, Wetlands Research Associates, and BCDC, San Francisco, CA.

Scheffner, N.W., and F.C. Carson. 2001. Coast of South Carolina Storm Surge Study.
(Technical Report CHL TR-01-11.) U.S. Army Corps of Engineers, Waterways
Experiment Station.

Scheffner et al. In preparation. Coastal Erosion Study for the Open Coast from Sabine to San
Luis Pass, Texas Tropical Storm Surge Frequency Analysis. (Technical Report
ERDC/CHL.) U.S. Army Corps of Engineers, Waterways Experiment Station.

Stone and Webster Engineering Corporation. 1981. Manual for Wave Runup Analysis, Coastal
Flood Insurance Studies. Boston, MA.

U.S. Army Corps of Engineers. 1984 (October). San Francisco Bay Tidal Stage vs. Frequency
Study. San Francisco District.

U.S. Army Corps of Engineers. 2004. Sea Level Rise Links. <www.nap.usace.army.mil/cenap-
en/slr_links.htm>.

24
NI .

FEMA CoASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES




FOCUSED STuDY REPORTS

FEMA Coastal Flood Hazard
Analysis and Mapping Guidelines
Focused Study Report

| —

Focused Study Leader
Shyamal Chowdhury, Ph.D., CFM

Team Members

Robert Battalio, P.E.

Carmela Chandrasekera, Ph.D.
lan Collins, Ph.D.

Jeff Gangai, CFM

Darryl Hatheway, CFM

Ron Noble, P.E.

Dick Seymour, Ph.D., P.E.



FoOcuseD STubDY REPORTS

STORM WAVE CHARACTERISTICS

—————————— . ————

Table of Contents

1 INTRODUCTION ..cttiiitiieiitieaittte ettt e sttt e et e e ssbe e e asbe e e bbb e e b e e e e be e e aabe e e sabe e e sabe e e nabe e e anbeesanneeannneens 1
1.1 Storm Wave Characteristics Focused Study Group.........ccocceeerieenenienieeniisieeseesieneens 2
2 CRITICAL TOPICS .ttt ittt ettt ettt ettt be e kbt bt eehe e e be e e kb e e be e sbb e e beeasneabeennneanns 3
2.1 Topics 4 and 5: Swell and Sea — Pacific COaSt.........ccccceririieiiiie e 3
2.1.1 Description of Topic and Suggested Improvement ............cccoceviverieeivernennn. 3
2.1.2 Description of Procedures in the Existing Guidelines.............cccooevvvniennennn. 4
2.1.3 Applications of Existing Guidelines for Pacific Coast............c.ccccevvvervvrnnenne. 4
2.1.4 Alternatives for IMprovEMENt..........ccccoveiieiieiieseee e 4
2.1.5 ReCOMMENTALIONS........ciiiiiiiieiierie et nre e 14
2.1.6 Preliminary Time Estimates for Guideline Improvement...............cccccveuni.e 15
2.2 Topics 4 and 5: Offshore Wave Data for Atlantic and Gulf Coasts ...........c.ccccvrvenee. 15
2.2.1 Description of Topic and Suggested Improvement ............cccccceveveiveneennnne 15
2.2.2 Description of Procedures in the Existing Guidelines...........cccocevervrennnnn 16
2.2.3 Applications of Existing Guidelines for Atlantic and Gulf Coasts
(Waves and SWEID) ..o 18
2.2.4 Alternatives for Improvement..........cccccvoeiieiiiie i 18
2.2.5 ReCOMMENTALIONS........ciiiieiieiieie et nre e 22
2.2.6 Preliminary Time Estimate and Cost for Guideline Improvement.............. 23
2.3 Topic 5: Use Nearshore Representation of Wind Waves Rather Than Offshore
Wave Hindcast- Specific to Southern California Bight.............cccoooeiiiiiiiiic e 26
2.3.1 Description of the Topic and Suggested Improvement...........ccccceeeevvrennnnn 26
2.3.2 Description of the Procedure in the EXisting Guidelines.............c.cccccveune.n. 26
2.3.3 Applications of Existing Guidelines to TOPIC........cccooeriririniininicieee 26
2.3.4 Alternatives to IMpProVement ..........cccoveiiiiieiie s 26
2.3.5  ReCOMMENTALIONS........ciieiiiieiiee et nre e 26
2.3.6  Preliminary Time EStIMALe .........cccocceeiieiiiieie e 27
2.4 Topic 5: Wave Generation in Sheltered Waters — Pacific Coast ............cc.cceoveveriennen. 27
2.4.1 Description of the Topic and Suggested Improvement.............c..ccccevevveennene 27
2.4.2 Description of Procedures in the Existing Guidelines...........cccocevervrennnn 27
2.4.3 Application of Existing Guidelines to Topic-History and/or
IMmplications fOr the NFIP ........ccooiiiiie e 28
2.4.4  Alternatives for Improvement..........cccocvoeiiiii i 28
2.4.5 ReCOMMENTALIONS........ciiiiiiiieiieie et nee e 42
2.4.6 Preliminary Time Estimates for Guideline Preparation...............ccccceevennnne 43
2.4.7 Related Available and Important TOpICS if ANY .......ccooiiiiiiiiiiiciee 43
3 AVAILABLE TOPIC . uiiitiiiiie ittt ettt ettt sttt b et b e s ab e et e s ab e e bt e s st e e beesnb e e beesrbeentee e 44
3.1 Wave Definition- Atlantic/Gulf and Pacific (TOPIC 1) .....cccceveriiiieniiinieieieee, 44
3.1.1 Description of the Topic and Suggested Improvement.............ccccccevverurnen. 44
3.1.2  Confirm AValability ........ccooviiiiiii e 45
3.1.3 Preliminary Time Estimates for Guideline Improvement Preparation. ....... 45
3.2 Wave Generation in Sheltered Water—Atlantic/Gulf Coasts ............ccocvvveniniieriennen, 45
3.2.1 Description of the Topic and Suggested Improvement.............ccccccevvverrrnee. 45

i
- B —— N
FEMA COASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FocuseD STubY REPORTS

STORM WAVE CHARACTERISTICS

3.2.2 Confirm AVAIlaDTITY .......cooiiiiiieee s 46

3.2.3. Preliminary Time Estimates for Guideline Preparation.............cccccccevevvenee. 46

4 ADDITIONAL OBSERVATIONS. ....ceitttitistesttateaseaseasessessessestessessesseassessessessessessessessessessssssenses 46

O SUMMARY L.ttt ettt ettt ekttt ekt e s bt ookt e e Rt e e ke e oAb £ e R e e e AR £ e R e e AR e e b e e e Re e e bt e eaneeneeenneeree e 46

TN A O 4 1 Tox= LI I o] [ OSSPSR 47

IV ANV YL - o] (o o] o o0 SRS 48

B RECOMMENDATIONS .cttitteutetestestestestesiesseeseeseebestesbesbesbe bt bt eb e e seesb e besbesbesbe s bt sbe e bt aseeneeneenns 48

T REFERENCES. ...ttt ittt ittt ettt ettt ekt e ket e be e e e b e e e e b et e s st e e e e ab e e e e bb e e e bt e e e nneeannneeanes ol

Tables

Table 1 Storm Wave Characteristics TOPIiCS and PriOritieS .........cccevvverviieiieieeieseese e seeseenens 1

Table 2 Revised Wave Characteristics Topics and Priorities (Post Workshop 1).........ccccceeeennee. 2

Table 3 Summary of Findings and Recommendations Storm Wave Characteristics................... 48

Table 4 Preliminary Time and Cost Estimate for Guideline Improvement Preparation............... 50
Figures

1 Illustration of WIS hindcast area for northern part of the Pacific Coast. ...........c..cc....... 7

2 WIS stations in the Southern California Bight. ..........ccccovveiiiieiiiiie e 8

3 NDBC buoy locations (southern California). ...........ccocevereniiniiiiee e 9

4 NODC buoy locations in the North PacCifiC. ........ccccoiveviiiiiiieii e 9

5 Summary of CDIP buoy locations and dates of installation..............c.ccccooviiiiiiininns 10

6 Example of wave forecast from WAVEWATCH I ..o 11

7 Examples of available locations for GROW hindcasts...........ccoocevverenienienninic e 13

8 Example of WIS [0CALIONS. .......cccueiieiiic e 20

9 Example of WIS tIME SEIIES. ....ovieiiiie ettt 20

10 Example of WIS statistical SUMMAIIES. ........c.ccouerieieiiiseeie e 21

11 NDBC buoy stations (East Coast, Partial). ..........cceoeierriiiiiiiiiiie e 21

12 Example of wave forecast from WAVEWATCH I ... 23

13 Example of swell forecast from WAVEWATCH I ... 24

14 Examples of available locations for GROW hindCasts...........ccccerereieneneninisieee, 25

15  Fastest mile windspeed VS. dUration. ...........cccoeveiiiiicie i 30

16  Windspeed ratio to 1 — hour windspeed vs. dUuration..............ccocevverereneneneseseseeeens 31

17 Hlustration of restricted fetch Method. ... 33

18 Anexample of a spreading fUNCLION. ..........cooiiiiiiiiiee e 35

19 Composite fetch method application at Sandy Point, WA. ..........cccciveieiieieeie e, 36

20  BIimOdal WaVE SPECIIA. .....eeueeieiiiiiite ittt bbb 37

21 A sample comparison of SWAN Model results with measured data. ..............cccueeneee 39

il
Y — -
FEMA CoASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FoOcuseD STubDY REPORTS

STORM WAVE CHARACTERISTICS

Acronyms

2-D
ACES
CDIP
CEM
CHL
FEMA
FIS
FNMOC
FNWC
GROW
IAHR
ICCE
JONSWAP
Mil
NASA
NOAA
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two-dimensional

Automated Coastal Engineering System

Coastal Data Information Program

Coastal Engineering Manual

Coastal Hydraulics Laboratory

Federal Emergency Management Agency

Flood Insurance Study

Fleet Numerical Meteorology and Oceanography Center
Fleet Numerical Weather Center

Global Reanalysis of Ocean Waves

International Association of Hydraulic Engineering and Research
International Conference on Coastal Engineering

Joint North Sea Wave Project

Meteorology International, Inc.

National Aeronautics and Space Administration
National Oceanic and Atmospheric Administration

NOAA-NCEP National Oceanic and Atmospheric Administration-National Centers for

PWA
SEMs
SOWM
SPM
USACE
WIS

Environmental Prediction
Philip Williams and Associates
Spectral Energy Models
Spectral Ocean Wave Model
Shore Protection Manual

U.S. Army Corps of Engineers

Wave Information Studies
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1 INTRODUCTION

This report provides recommendations approaches for improving or preparing the Guidelines and
a preliminary time estimate for the four wave-related categories grouped under the Storm Wave
Characteristics Focused Study. The four topics and associated need and priority level, which are
“C” for Critical and “A” for available, for each geographical area are shown in Table 1.

Table 1. Storm Wave Characteristics Topics and Priorities
. Priority
Topic . . e . o
Number Topic Topic Description Atlantic/ | Pacific | Non-Open
Gulf Coast Coast Coast
1 Wave Definitions Definitions of wave types using A A
contemporary terminology: standardize the
terms
3 Storm Wave Conversion from Shore Protection Manual A A
Characteristics to Coastal Engineering Manual
4 Swell: Open Coast | Swell exposure: Use hind cast databases, A (C) Cc
select based on evaluation
5 Local Seas: Non- Local seas: Nearshore representation of A (C) C Atlantic
Open Coast wind waves rather than offshore hindcast (A)
(Sheltered Waters) Pacific
and Open Coast (©)
Key: C=critical; A =available; | =important; H = helpful
(Recommend priority italicized if focused study recommended a change in priority class)

It was clear in the scoping phase of this study that Topic 3 included issues on wave generation,
but also on wave setup and wave runup. Wave generation related topics developed under Topic 3
were included under Topic 5 in the Local Seas: Non-Open Coast (Sheltered Waters) and Open
Coast. Topic 3 was also considered by the Focused Study Leaders for wave setup and wave
runup. Topic 3 was considered under other items, and was not pursued independently. The
priority level for Topic 5: Local Seas, was assigned after Workshop 1, in consultation with Focus
Study Team Members and Leaders. While an available priority was determined for the Atlantic
and Gulf Coasts, the priority may be critical in some circumstances. If so, it is expected that this
Focused Study report and the upcoming Pacific Coast Guidelines can be used.

In addition to the categories described above, the group also contributed to the definition of the
1-percent-annual-chance event for coastal flood hazard mapping. The term extreme is used in
this Focused Study to indicate an event with a low probability of occurrence. No specific value
for the probability is associated with this terminology, other than it has a low probability.

1
- B ———
FEMA COASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES




FocuseD STubY REPORTS

STORM WAVE CHARACTERISTICS

O e ———

The Topics were re-organized after Workshop 1. The revised grouping, which is used in the
remainder of this report, is shown below. This grouping is organized to address regional
differences and to address similar topics together. These results are summarized in Table 2.

Table 2. Revised Wave Characteristics Topics and Priorities (Post Workshop 1)
] Priority
Topic Topic Topic Description i ifi
Number p p p Atlantic / Gulf | Pacific | Non-Open
Coast Coast Coast
1 Wave Definitions | Definitions of wave types using
contemporary terminology: standardize A A --
the terms
3 Storm Wave Conversion from Shore Protection A A _
Characteristics Manual to Coastal Engineering Manual
4 &5 | Seaand Swell Sea and Swell for the Pacific Coast C --
4 &5 | Offshore Wave Offshore Wave Data for the Atlantic and C _
Gulf Coasts
5 Nearshore Representation of Southern C _
California Bight
5 Local Sea Wave Generation in Sheltered Water Pacific
(Sheltered Water) B B C
Atlantic
A
Key: C =critical A=available I=important H =helpful NE = not essential

The report is organized according to the Guidance document developed by Northwest Hydraulic
Consultants on January 29, 2004, and discusses Critical Topics first and available topics next.

1.1 STORM WAVE CHARACTERISTICS FOCUSED STUDY GROUP

The Focused Study Group members were lan Collins, Dick Seymour, Bob Battalio, Darryl
Hatheway, Jeff Gangai, Carmela Chandrasekera, Ron Noble, and Shyamal Chowdhury.

Shyamal Chowdhury was the Leader of this Study Group. The group had two phone conference
meetings on January 13, 2004, and January 26, 2004, when the group exchanged ideas, discussed
directions, shared available information and procedures. The Team Leader was responsible for
writing the scope, assembling the team, providing direction and coordination and final drafting
of the report. Ron Noble was the internal reviewer and responsible for quality control of this
report. Team members shared research and report writing tasks as shown below.
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Team Member Responsibilities

Person Responsible Study Topic

Darryl Hatheway and Ron Noble Topic 1. Wave Definitions

Jeff Gangai Topic 3: Conversion fl_rom $hore Protection Manual
(SPM) to Coastal Engineering Manual (CEM)

lan Collins Topics 4 and 5: Swell and Sea for All Coasts

Carmela Chandrasekera and Bob Battalio Topic 5: Local Sea for All Non-Open Coasts

Dick Seymour Topic 5: Local Sea for Southern California

2 CRITICAL TOPICS

2.1 Torics 4 AND 5: SWELL AND SEA — PACIFIC COAST

2.1.1 Description of Topic and Suggested Improvement

Coastal flooding generally occurs with a combination of high water levels accompanied by large
waves. The purpose of this task is to identify and document the sources of wave and swell data
that would provide the most useful input for wave transformation models. The wave
transformation models would be applied to route the waves to the inshore areas where
knowledge of the waves is required to predict wave setup and runup, and overland propagation.

Since the preparation of previous guidelines for the determination of potential coastal flooding,
several additional long duration data sources have become available. These have incorporated
improved developments in the modeling of winds, wind-wave generation, and swell propagation.
Significant improvements in accuracy have been demonstrated by comparisons with offshore
buoy recordings and satellite scatterometer data.

The two principal developments have been:

@ Improvements in models of wind fields using worldwide meteorological stations and
ships. This has led to improved models of the planetary boundary layer to re-analyze
historical, measured, barometric pressure data from ships and coastal meteorological
stations. The resulting “improved” winds have been compared with the measurements of
winds at many offshore buoys.

@ Improvements in numerical modeling of wave generation and propagation. Continued
research into the physics of energy transfer from wind to waves and subsequent wave
propagation have led to significant improvements in the accuracy of wave forecasting and
hindcasting.

These developments are now available and have been incorporated into extensive databases of
waves and swells.
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2.1.2 Description of Procedures in the Existing Guidelines

For the Pacific Coast the existing Guidelines for “Wave Elevation Determination and V Zone
Mapping” contain the instruction:

“No FEMA guidance documents have been published for the Pacific Ocean
coastal flood studies. Guidance is to be developed based on existing
methodologies recommended by FEMA and coastal states for coastal analyses in
the Pacific Ocean. Mapping Partners that are undertaking a flood hazard analysis
of a Pacific Coast site should consult with FEMA RPO for that area.”

However, the Guidelines do refer to the U.S. Army Corps of Engineers (USACE) Wave
Information Studies (WIS) and the availability of offshore and near shore measurements from
buoys has been recognized and used by study contractors.

2.1.3 Applications of Existing Guidelines for Pacific Coast

On the Pacific Coast the waves determined from the Fleet Numerical Weather Central, as
documented in a report by Meteorology International, Inc. (MII) were used for the Southern
California area (by Tetra Tech, Inc.) and the WIS stations for Northern California by OTT Water
Engineers, Inc. and for Oregon (Coos Bay County) by CH2M Hill.

The principal source of offshore wave data at the time of the earliest studies was the Fleet
Numerical Weather Central (FNWC as summarized by MII, 1977) model for the Pacific Coast.
The FNWC wave model, as covered at the time of the development of the guidelines (Tetra
Tech, 1982) did not include the effect of hurricane generated swell off the West coast of Mexico
and the swell from major storms in the southern hemisphere. The latter wave sources may
govern in a few locations due to exposure to the more southerly wave directions.

Currently there are no Guidelines and Specifications for swell data. The FEMA Pacific Coast
studies (TetraTech, Ott Water Engineers, CH2M Hill and Michael Baker) have used the WIS
data and the MIl (FNWC) hindcasts and NOAA data buoys. Other contemporary coastal studies
have used the Coastal Data Information Program (CDIP) data buoys (Recordings) and
WAVEWATCH Il wave hindcasting model (described herein).

2.1.4 Alternatives for Improvement
Overview

Potential sources of wave and swell databases are identified. The general forms of the databases
are summarized. These are generally available in a suitable format for input into wave
modification models that compute the changes in waves as the shorelines are approached. In
turn, such models are essential to predict the wave conditions in the surf zone that would
ultimately be used to predict water levels and flooding.
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Significant improvements in the analysis of historical meteorology have been developed in
recent years. Windfields have been much reanalyzed to yield significant improvement and have
been used with so-called third-generation wave hindcast models to yield improvements in wave
predictions over long periods (20 years or more). These models have been calibrated and
verified by comparison with measured data at offshore buoys. Further improvements are
expected.

Definitions

Seas (or Storm Seas) are normally considered to be the result of local storm activity and are
being directly influenced by local winds.

Swell is normally considered to be waves that are arriving at a location that is remote from the
generation area. Typically, swells have longer periods than waves, but not always so.

Swells and seas may occur together (as is usually the case on the Pacific Coast). When this is so,
their energies should be added, corresponding to vector addition (square root of sum of squares)
but directions and periods will generally be different.

Data Sources

There have been further developments in wave and swell prediction models since the earlier
FNWC data as reported in the MII documents. In 1985 FNWC published the results of a more
comprehensive wave climate for many oceans of the world as Spectral Ocean Wave Model
(SOWM). This methodology has been improved by several organizations such as:

@ CHL Field Research Facility (http://frf.usace.army.mil)

CHL Operations and Analysis Group (http://sandbar.wes.army.mil)
National Data Buoy Center (http://seaboard.ndbc.noaa.gov)
Coastal Data Information Program (http://cdip.ucsd.edu)

National Oceanographic Data Center (http://www.nodc.noaa.gov)

2 @ B @ @

Fleet Numerical Meteorology and Oceanography Center
(http://www.fnoc.navy.mil/PUBLIC, https://www.fnmoc.navy.mil/PUBLIC/)

@ Naval Oceanographic Office (http://www.navo.navy.mil)
@ OceanWeather, Inc. (http://www.oceanweather.com)

The listed data sources include measurements from offshore buoys and extensive hindcast data.
The measurements are generally somewhat sporadic as the installation and maintenance of
offshore wave measuring devices is expensive.
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Specific Comments of Listed Sources

CHL Field Research Facility (Coastal Hydraulics Laboratory)

This database of hindcasts is known as WIS (Wave Information Studies). They provide a 20-
year hindcast database for 134 selected stations between Cape Flattery, Washington, and Point
Conception, California. (WIS Report 17, “Pacific Coast Hindcast Phase 111, North Wave
Information” by Jensen, Hubertz and Payne, 1989) and 47 selected stations between Point
Conception and the Mexican border (WIS Report 20, “Southern California Hindcast Wave
Information” by Jensen, Hubertz, Thompson, Reinhard, Borup, Brandon, Payne, Brooks and
McAneny, 1992). Figure 1 illustrates the coverage of part of Northern California Coast and
Figure 2 shows the Southern California stations. The stations are relatively close to shore.

The WIS data reports for the Pacific Coast are reportedly under major revision. EXxisting reports
(2003) should be used with care as they do not include the contributions from swells from the
Southern Hemisphere or from tropical storms. Published WIS results have also been found to be
less accurate. Tillotson and Komar (1997) found that “[s]ignificant wave heights derived from
the WIS hindcasts are 30 to 60 percent higher than measured by the deep-water buoys and
microseismometer.”
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Figure 1. lllustration of WIS hindcast area for northern part of the Pacific Coast.
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Figure 2. WIS stations in the Southern California Bight.

National Data Buoy Center

The National Data Buoy Center is a branch of NOAA. They have been installing and
maintaining offshore meteorological and oceanographic buoys since the late 1960s. Many of
these buoys have been in place for a sufficiently long period (typically, 20 years of data, and
preferably longer is required to estimate the 0.01 probability extreme event with confidence) that
reasonably accurate wave height statistics can be derived. Many other buoy locations are
available for limited periods. Such buoys cannot be used for direct statistical prediction of
extremes but are still very useful to check wave hindcast models during the overlapping times.

Figure 3 shows an example of the locations of the MetOcean buoys in the Southern California
area and Figure 4 shows locations in the North Pacific. Not all of the buoys that are shown on
the maps are always present and often the ones shown are removed for maintenance and may be
replaced in a slightly different location. Data inventories (dates of installation and recording) are
also included on the website. Most wave data are in the form of one-dimensional spectra with
summaries of wave height and periods (spectral peak and average). Very few have wave
directional information. The wind and wave data from the buoys have been used extensively to
check calibration and validity of wave hindcast models.
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Figure 4. NODC buoy locations in the north Pacific.
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Coastal Data Information Program (Mostly in California)

The CDIP consists of a number of nearshore buoys that record directional wave spectra. They
are installed and maintained by Scripps Institution of Oceanography under the sponsorship of
USACE and the State of California. The program has been expanded recently to include some
installations on the Atlantic Coast. Some earlier data included waves measured by pressure
Sensor arrays.

Figure 5 summarizes the locations of many of the buoys. The buoys are generally located in
water depths of 100 to 550 meters. There are a few buoys in shallower water. The duration of
available records is generally too short for reliable estimates of conditions that would be
characteristic of the 1-percent extreme value but are useful to calibrate and verify wave
modification modeling. Previous deployments included bottom-mounted pressure arrays in
shallow water. Data from these instruments includes the estimates of wave directions. However,
pressure sensors have been discontinued in all but one site at Scripps Institute of Oceanography
Pier.

The CDIP program includes a wave forecasting and shallow water swell height modeling
capability that provides wave information near the California Coast. These shallow water
conditions are covered more extensively in the Wave Transformation Focused Study.
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Figure 5. Summary of CDIP buoy locations and dates of installation.

National Oceanographic Data Center
This agency and website include similar data to the National Data Buoy Center but covers the
entire world, not just U.S. waters.

Fleet Numerical Meteorology and Oceanography Center
Fleet Numerical Meteorology and Oceanography Center (FNMOC) prepares weather and wave
forecasting for all oceans of the world. An example of the Pacific Ocean data for wave height by
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direction is given as Figure 6. The basic model is known as WAVEWATCH Ill. Figure 6 shows
a particular presentation of wave height and direction. Additional products include wave period
and direction, swell heights by direction, and several other forms. The emphasis of the available
data appears to be forecasting. They have a historical database that only goes back to July 1997.
This would be too short to use for estimation of extreme waves. However, given that the model

is readily available and can be downloaded from the WAVEWATCH site the hindcasting model
could be extended by a user as long as the analyzed wind fields for earlier years are prepared or
available.

Significant Wave Height (ft.) and Direction  Tau:000

WW3 GLOBAL Wave Height [ft] and Direction for 19JAN2004 12Z
Valid 19JANZ2004 127 Farecast Heur O

e ——— — =

1800 150M  140M 130w 170w 410W

24 27 30 36

GraDs: C0Lh/IGES : : : : . 2004—01-1B-17:C5

Figure 6. Example of wave forecast from WAVEWATCH II1.

WAVEWATCH Il (Tolman 1997, 1999a) is a third-generation wave model developed at National
Oceanic and Atmospheric Administration-National Centers for Environmental Prediction
(NOAA-NCEP) in the spirit of the WAM model (WAMDI Group, 1988; Komen et al., 1994). Itis
a further development of the model WAVEWATCH I, as developed at Delft University of
Technology (Tolman 1939, 1991) and WAVEWATCH II, developed at NASA, Goddard Space
Flight Center (e.g., Tolman 1992). It nevertheless differs from its predecessors on all important
points: the governing equations, the models structure, numerical methods, and physical
parameterizations.
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WAVEWATCH Il solves the spectral action density balance equation for wavenumber-
direction spectra. The implicit assumption of these equations is that the medium (depth and
current) as well as the wave field vary on time and space scales that are much larger than the
corresponding scales of a single wave. Furthermore, the physics included in the model do not
cover conditions where the waves are severely depth influenced. This implies that the model can
generally by applied on spatial scales (grid increments) larger than 1 to 10 km, and outside the
surf zone.

The following physical features are extracted from WAVEWATCH Il homepage
http://polar.wwb.noaa.gov/waves/wavewatch/wavewatch.html :

@ The governing equations include refraction and straining of the wave field due to
temporal and spatial variations of the mean water depth and the mean current (tides,
surges etc.), and wave growth and decay due to the actions of wind, nonlinear resonant
interactions, dissipation (‘whitecapping’) and bottom friction.

@ Wave propagation is considered to be linear. Relevant nonlinear effects such as resonant
interactions are therefore included in the source terms (physics).

& The model includes two source term options, the first based on cycles 1 through 3 of the
WAM model (WAMDI Group, 1988), the second based on Tolman and Chalikov (1996),
which is used by FNMOC. The source term parameterizations are selected at the compile
level.

@ The model includes dynamically updated ice coverage.

Many other products are available, including separate displays of waves, swell and wave periods.
The software is available for free download. However, the model requires input in the form of a
specified windfield. This would require some effort on the part of a Study Contractor. Although,
the WAVEWATCH model would be acceptable, the extra processing of wind data that would be
required probably makes it more expensive to apply. For the above reasons the model is not
recommended at this time for use in Flood Studies, although it may be acceptable to use if
properly applied. The model does not calculate wind-related surge.

Naval Oceanographic Office

This agency generally provides summaries of other oceanographic data, including temperature
profiles and currents as well as waves. There are extensive data archives but wave information is
generally cross referenced to FNMOC and WAVEWATCH l1I.

OceanWeather, Inc.

OceanWeather, Inc. is a private company that has specialized in wave hindcasting since its
inception in 1977. The particular model that would be most useful for FEMA studies is GROW
(Global Re-analysis of Ocean Waves). Figure 7 presents examples showing the locations for
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wave data are available. The grids are at 0.625 degrees longitude by 1 degree latitude and

cover the entire Pacific and Atlantic Oceans.
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Figure 7. Examples of available locations for GROW hindcasts.

GROW couples Oceanweather’s global wave model, planetary boundary layer model, and its
vast experience in developing marine surface wind fields to produce a global wave hindcast.

The re

sult is a long-term analysis of the global wave climate that can be applied to offshore

structure design, tow-analysis, operability, and other applications where wind and wave data are
required. Typical data types include:

@

Time series of wind and wave parameters (including sea/swell partitions) in ASCII or
OSMOSIS format

Return period extremes for wind speed, wave height (significant, maximum and crest)
and wave period

Operability statistics expressed as frequency-of-occurrence tables and
persistence/duration statistics

Directional wave spectra
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The wave hindcast data are generated following an extensive re-analysis of global windfields.
Several technical publications have documented this and compared hindcast wind, waves and
swell to measurements by NOAA data buoys and satellite scatterometer data.

The available database includes directional wave spectra every 3 hours over a period of 30 years.
The swell directional spectra are on the same time base, but are provided as a separate database.
In order to manage this database OceanWeather also sells a software suite known as OSMOSIS.
OSMOSIS is an engineering analysis tool for displaying and calculating a variety of metocean
hindcast statistics. GROW products are available in OSMOSIS format and are purchased
separately from the database.

OSMOSIS permits several Display and Export features:

DataSelect area of interest by clicking on map or entering location

Select time period of interest

Display time series as tables or graphs of all or some variables and dates
Display tables of normals and extremes computed by Oceanweather

All tables and graphs can be printed or saved to disc

Export multiple time series to disc at once by selecting points from a map

BREREEEE

Statistical analyses include:

Frequency of Occurrence tables on any two variables
Persistence/Duration tables on any variable

Obijective identification of storm peaks based on any variable
Interactive modification of storm peak selection

Extremal analysis with Gumbel, Borgman and Weibull distributions
Scatter plots of time series or storm peaks

BREEEMG

2.1.5 Recommendations

Offshore waves become the drivers for nearshore waves that in turn induce wave setup and
runup. The “best” sources of offshore waves and swell need to be identified. An assessment of
their accuracy and general quality is needed.

For the Pacific Coast, the GROW data is recommended but updated WIS data is under
development and is expected to include input from GROW. Consequently this could become the
database of choice for the Pacific Coast. The WIS database that is currently available for the
Pacific Coast does not include Southern Hemisphere swell or swell from tropical storms. Wave
recordings from the CDIP buoys could be used to verify the validity of wave and swell
modification modeling between the offshore and the nearshore.

GROW is available as an off-the-shelf product and is presented in the form of directional spectra
for both waves and swells for every 3 hours for 30 years or more. This is believed to be the most
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useful and comprehensive data source. WAVEWATCH 11 is heavily oriented for use as a
forecasting tool but the source code is available and has been used to develop deep water wave
statistics for coastal studies (Noble Consultants for USACE, 2003). Two drawbacks to using
WAVEWATCH Il would be the need to derive, process and set up the required 20-30 years of
windfields or limit the database because the data is only archived back to July 1997.

2.1.6 Preliminary Time Estimates for Guideline Improvement

The remaining tasks that can be completed within the time being allocated for the revised
Guidelines and Specifications would be:

1. Review the technical publications on GROW and perform a critical analysis to confirm
the claimed lack of bias. (40 hours)

2. Examine the detailed reports from GROW and describe the necessary steps to prepare the
input data for wave transformations as the waves propagate to shore. (80 hours plus cost
to obtain a data set for a selected Pacific Coast station)

3. Recommend a methodology to apply the shallow water wave transformation models to a
suitable matrix of GROW directional spectra to ensure complete coverage of the deep
water wave properties envelope. (40 hours)

4. Review the available databases for offshore and near shore wave buoys to see whether
they can be used as input to shoaling water wave models. (Leave to Study Contractor)

5. Keep in touch with the progress on the revisions to WIS for the Pacific Coast to see
whether this database can be used for wave inputs to local wave modification models. (up
to 40 hours, as needed)

Table 4 at the end of this document summarizes the estimated hours for these portions of Topics
4 and 5.

2.2 Torics 4 AND 5: OFFSHORE WAVE DATA FOR ATLANTIC AND GULF COASTS

2.2.1 Description of Topic and Suggested Improvement

This topic was actually listed as “Available” during the December planning meeting. This is true
as long as the methods for wave determination that are given the SPM are considered to be
adequate. The procedure takes a “standard” synthetic hurricane and uses the Bretschneider
method, which gives wave heights and periods in terms of the hurricane’s central pressure
deficit, radius to maximum winds, and forward speed. Such an approximation assumes
coincidence of the waves with the peak of the storm surge and assumes that the waves are
approaching normal to the shoreline. The method may be adequate since the “controlling” wave
height (1.6 times the significant wave height) will often, but not always, be the limit breaking
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wave at the original shoreline. Wave heights are needed for overland wave propagation, wave
runup, and wave setup computations.

However, there may be cases where the Bretschneider hurricane wave approximation is not
valid. In such cases, a more complete knowledge of the directional spectrum of waves and swell
implies that this becomes a “critical” topic. In such a case, the recommended alternative would
be to use the available WIS database or follow the procedures starting with GROW and running
an acceptable shallow water wave modification process. The approach would be similar to that
described above for the Pacific Coast.

To use a wave height other than the “controlling” wave, an “equivalent” deep water wave height
will be needed. This is the Ho’ that is used on many nomographs of wave properties. Ho’ is the
equivalent deep water wave height that can be derived from the local wave height after being
“de-shoaled” and “de-refracted.” In other words, it is what the deepwater wave height would
have been if it had not been modified by shoaling and refraction. It allows the use of a local
wave (from WIS) or measurement. The effect of energy losses from bottom friction, percolation,
and fluid mud bottoms becomes irrelevant. In some cases, if the local wave height has to be
derived by wave transformation, the effects of such energy losses have to be included before the
derivation of Ho’.

2.2.2 Description of Procedures in the Existing Guidelines

It must be expected that there will be waves present and propagating toward the shore when the
1-percent water level occurs. The present guidelines (Appendix D of the Guidelines and
Specifications [G&S]) apply primarily to the Atlantic and Gulf Coasts and are summarized in the
following.

Three specific approaches are suggested in the existing Guidelines and Specifications:

@ Wave data from wave measurements at offshore buoys
@ Wave data from hindcasts or numerical modeling based on historical effects
@ Wave data from specific calculations based on assumed storm meteorology

It was recommended that two or all three methods be applied where feasible to ensure the
most accurate assessment of wave conditions. The G&S then include the following:

“Wave measurements for many sites over various intervals have been reported
primarily by the USACE and by the National Data Buoy Center. Available data
includes records from nearshore gages in relatively shallow water (Thompson,
1977) and from sites further offshore in moderate water depths (Gilhousen et al.,
1990). The potential sources of storm wave data also include other Federal
agencies and some State or university programs.”
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“The USACE is the primary source for long-term wave hindcasts along open
coasts. That information is conveniently summarized as extreme wave
conditions expected to recur at various intervals for Atlantic hurricanes in
“Hurricane Hindcast Methodology and Wave Statistics for Atlantic and Gulf
hurricanes from 1956-1975” (Abel et al., 1989) and for extratropical storms in
“Hindcast Wave Information for the U.S. Atlantic Coast” (Hubertz, Brooks,
Brandon, & Tracy, 1993) and “Southern California Hindcast Wave Information”
(Jensen et al., 1992), as examples. In some vicinities, other wave hindcasts may
be available from the design activities for major coastal engineering projects.”

“Either measurements or hindcast results pertain to some specific (average)
water depth. However, the Mapping Partner may need to convert such wave
information into an equivalent condition at some other water depth for
appropriate treatment of flood effects. The Mapping Partner shall consult the
following publications for guidance regarding transformation of storm waves
between offshore and nearshore regions, where processes to be considered
include wave refraction, shoaling, and dissipation: “The USACE Shore
Protection Manual” (USACE, 1984), “Random Seas and Design of Maritime
Structures” (Goda, 1985), and “Automated Coastal Engineering System, Version
1.07” (Leenknecht, Szuwalski, & Sherlock, 1992).”

“The Mapping Partner may also consider determining local storm wave
conditions by developing a specific estimate for storm meteorology taken to
correspond to the 1-percent-annual-chance flood. That can be done with relative
ease for deep-water waves associated with a hurricane of specified meteorology,
using the estimation technique provided in the USACE Shore Protection Manual
(USACE, 1984). For extratropical storms, the ACES program in Automated
Coastal Engineering System, Version 1.07 (Leenknecht, Szuwalski, & Sherlock,
1992) executes a modern method of wave estimation for specified water depth,
incorporating some basic guidance from the Shore Protection Manual (USACE,
1984) and Random Seas and Design of Maritime Structures (Goda, 1985). The
Mapping Partner may prepare an outline of important considerations to assist in
developing a site-specific wave estimate.”

“The resulting wave field is commonly summarized by the significant wave
height and wave period; namely, average height of the highest one-third of
waves and the corresponding time for a wave of that height to pass a point.
Another useful measure is wave steepness, the ratio of wave height to
wavelength: in deep water, the wavelength is 0.16 times the gravitational
acceleration, times the wave period squared, that is, (gT%/2x). On larger water
bodies and in relatively deep water, typical wave steepness is approximately
0.03 for extreme extratropical storms and 0.04 for major hurricanes. The
Mapping Partner may use these values for wave steepness to determine the
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wave period if only the wave height is known and the wave height if only the
wave period is known.”

2.2.3 Applications of Existing Guidelines for Atlantic and Gulf Coasts (Waves and
Swell)

Study contractors on the Atlantic (South) and Gulf Coasts have generally assumed that waves
would be present whenever high-water levels occur at the coast because high water is associated
with hurricane activity. The general practice has been to use the SPM procedure for “model”
hurricanes. Appropriate values of central pressure deficit and size are assumed and deep water
significant wave heights and periods computed. Some studies used the local 5 to 10% central
pressure depression, and local median values for other parameters such as radius and forward
speed (Personal communication, David Divoky). These waves would then be used to determine
local setup and runup that would be present at the time of high water.

The existing FEMA guidelines use direct hurricane wind-wave generation models for the major
part of the Atlantic Coast and the Gulf of Mexico Coast because the extreme water levels along
these coasts are usually controlled by hurricane events where the simultaneous arrival of the
highest water levels is accompanied by waves that will be controlled by depth limited breaking.
A reasonable approximation of the offshore wave heights is probably adequate. In other words,
the waves are limited by breaking criteria. The relatively wide continental shelf also tends to
limit the wave conditions along these coasts because higher offshore waves are reduced by non-
linear friction effects more than lower waves. Consequently, large differences in offshore wave
heights translate into smaller differences near shore. However, the wave setup at the shoreline is
sensitive to deep water wave conditions.

For the Northern part of the Atlantic Coast the governing extreme storm may be a Northeaster,
although hurricanes from the south should not be neglected.

Currently there are no Guidelines and Specifications for swell data.
2.2.4 Alternatives for Improvement
Overview

Similar databases that have been discussed in the Focused Study report on waves and swell for
the Pacific Coast exist for the Atlantic and Gulf Coasts. These include WIS (USACE) for local
water depths, WAVEWATCH (U.S. Navy) and GROW (commercial) for deep water.

Definitions

The definitions for sea and swell are the same as presented in section 2.1.5 above. However, for
the Atlantic and Gulf Coasts it is expected that at the times of extreme water levels there will be
waves related to hurricane condition. Swells have generally been ignored, but swell heights and
directions are available in the GROW databases.
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Data Sources

Potential data sources for waves and swell can be found at the same locations that were listed in
the Pacific Coast section. These include:

@ CHL Field Research Facility (http://frf.usace.army.mil)

fe

CHL Operations and Analysis Group (http://sandbar.wes.army.mil)

=

National Data Buoy Center (http://seaboard.ndbc.noaa.gov)

fi

fe

National Oceanographic Data Center (http://www.nodc.noaa.gov)

@ Fleet Numerical Meteorology and Oceanography Center
(http://www.fnoc.navy.mil/PUBLIC, https://www.fnmoc.navy.mil/PUBLIC/)

@ Naval Oceanographic Office (http://www.navo.navy.mil)
@ OceanWeather, Inc. (http://www.oceanweather.com)

The listed data sources include measurements from offshore buoys and extensive hindcast data.
The measurements are generally somewhat sporadic as the installation and maintenance of
offshore wave measuring devices is expensive.

Specific Comments of Listed Sources

CHL Field Research Facility
WIS provides a 25-year hindcast database for selected points that are relatively close to shore.
An example of the station locations is presented in Figure 8.

The WIS data for the Atlantic and Gulf Coasts have recently been updated and are available from
the website in several forms. Examples are given in Figures 9 and 10.

National Data Buoy Center

National Data Buoy Center, as described in the previous section, has systems of offshore
meteorological and oceanographic buoys in the Atlantic and Gulf Coast regions. Figure 11 shows
a part of the coverage on the Atlantic Coast. Not all buoys that are shown on the maps are
always present and often the ones shown are removed for maintenance and may be replaced in a
slightly different location.

The locations of the buoys in other areas are readily determined at the website. Data inventories
(dates of installation and recording) are also given on the website. Most wave data is in the form
of one-dimensional spectra with summaries of wave height and periods (spectral peak and
average). Very few have wave directional information. The wind and wave data from the buoys
have been used extensively to check calibration and validity of wave hindcast models.

19
- B ———— Y
FEMA COASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FocuseD STubY REPORTS

STORM WAVE CHARACTERISTICS

—

tion yearl monthl year2 mnmfh.
Coastal & Hydraulics ory .
Wave Information Studies _ 1990 ¥ |1 1990 v | L listj table [ plot
Click an area on the map atls
mias
147Tm W1dE m2s0 f
149y m14s
1ma’n e
firret
sl
Caa001
1668 B1ES
B168E167
B1TOW1ES
172m B171 mzsz
B1T4m173
WITE@1TS
179m m17Em17Y
|WIS Home |How To |WIS Data Definitiens | T
|Bucy/Gauge Info |Contact WIS Staff | i
|Other Wave Data Sources | .“3 _— . i
m1s 2 4401
423
_ % mie
3572 data requests since 02 Jun 2002 8w mikd
189@ ml88
181m @180 LEGEND
193 mls2
B195@154 254 B WIS Model
@ NDBC Buoy
& CMAN
% CDIP Gage
mzaon 5.} CHL
m2oIm0z EHE
2058 B204 Q4s014
FaW FWM 73w
L ———_—

Figure 8. Example of WIS locations.
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Figure 9. Example of WIS time series.
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Figure 11. NDBC buoy stations (East Coast, partial).




FocuseD STubY REPORTS

STORM WAVE CHARACTERISTICS

O e ———

National Oceanographic Data Center
This agency and website include similar data to the National Data Buoy Center, but covers the
entire world, not just U.S. waters.

Fleet Numerical Meteorology and Oceanography Center

FNMOC prepares weather and wave forecasting for all oceans of the world. For the Atlantic
Ocean, an example of the data for wave height by direction is given as Figure 12, and Figure 13
presents a sample illustration for swell height versus direction. The basic model is known as
WAVEWATCH IlIl. Figures 12 and 13 show a particular presentation of wave height and
direction. Additional products include wave period and direction, swell heights by direction and
several other forms. The emphasis of the available data appears to be forecasting. The data are
available in tabular formats going back to July 1997.

Naval Oceanographic Office

This agency generally provides summaries of other oceanographic data, including temperature
profiles and currents as well as waves. There are extensive data archives, but wave information
is generally cross referenced to FNMOC and WAVEWATCH Il1.

OceanWeather, Inc.

Similar to the Pacific Ocean data that were discussed in an earlier section, 30 plus years of
hindcast data for deep water that is based on carefully revised wind field analyses has been
prepared for the Atlantic Ocean and Gulf of Mexico. Figure 14 presents examples showing the
locations for which wave data are available. The grids are at 0.625 degrees longitude by 1
degree latitude.

2.2.5 Recommendations

The presently used procedure as outlined in the existing G&S should be retained. Checking the
selected storm condition with general wave statistics from WIS should be included. A third
check would be to use GROW with a suitable shallow water wave transformation model.

The Technical Working Group and a representative of the USACE (Dr. Don Resio) opined
during Workshop 2 that the WIS database had been adequately updated over the years in terms
of windfield modeling and is sufficient for wave data needed in the Flood Insurance Studies.
Hence, the recommendation was to continue using the WIS database for the Atlantic and Gulf.
The Working Group recommended the following items regarding the use of this database:

@ Investigate the appropriateness of using either the 100-year significant wave height or
the 20-year maximum wave height while modeling WHAFIS;

@ Clarify use of equivalent deep water condition; and

@ Clarify extrapolation to 1-percent-per-year risk level.
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2.2.6 Preliminary Time Estimate and Cost for Guideline Improvement

The estimated time required for development of guidelines based on the use of WIS database is
approximately 60 hours.

Table 4 at the end of this document summarizes the estimated hours for these portions of Topics
4 and 5.

WW3_ GLOBAL Wave Height [ft] and Direction for OSFEB2004 12Z
Forecast Hour O

FON

30 200 00

GraDS: COLA/IGES 2004—02-05-1704

Figure 12. Example of wave forecast from WAVEWATCH IlI1.
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WW3_GLOBAL Swell Wave Height gt] and Direction for OSFEB2004 12Z
Z

Valid 05FEB2004 1

Forecast Hour O

Ef r T : T . T T
Taau FO RO RO 400 S0 an ] 100

BralS: COLA/IGES 2004—02—-06-17:04

Figure 13. Example of swell forecast from WAVEWATCH I11.
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Figure 14. Examples of available locations for GROW hindcasts.
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2.3 Topric 5: USE NEARSHORE REPRESENTATION OF WIND WAVES RATHER THAN
OFFSHORE WAVE HINDCAST- SPECIFIC TO SOUTHERN CALIFORNIA BIGHT

2.3.1 Description of the Topic and Suggested Improvement

In the Southern California Bight (Point Conception to the Mexico border) the shelf is extremely
broad and complicated by many islands and shoals. Deep water directional spectra are typically
measured or hindcast at the edge of the shelf and wave transformation models that ignore wave
generation or dissipation are used to predict nearshore wave conditions. The higher frequency
portion of the spectrum (typically periods less than 9 seconds) can be affected by wind
conditions encountered during the transit across the shelf. This process is difficult to model
because of the lack of wind data and a very complicated wind field. An approach is needed to
resolve the impact of local winds on high frequency portion of the spectrum for the Southern
California Bight.

2.3.2 Description of the Procedure in the Existing Guidelines

There are no existing Guidelines on this topic. However, CDIP assumes that there is no wind-
induced change in the spectrum in the Southern California Bight.

2.3.3 Applications of Existing Guidelines to Topic
This issue was not resolved in past Flood Insurance Studies.
2.3.4 Alternatives to Improvement

There are three alternatives for resolution of this issue. Alternatives are: (a) assume no wind-
induced change in the spectrum, (b) attempt to model wind-induced changes, or (c) treat changes
to the wind wave portion of the spectrum as an independent variable and use joint probability
analysis techniques. Alternative (a) is presently used in the CDIP model. Alternative (b) requires
the development and validation of a wind model of much higher spatial resolution than is
presently available and could not be accomplished at present. Because the generation area for
extreme swell events is typically very distant from the Bight, the local winds cannot be inferred
from measured or hindcast wave data at the shelf edge. Alternative (c) considers that winds over
the shelf are independent of the height of the extreme waves.

2.3.5 Recommendations

Substantial nearshore data exist to validate the magnitude of changes to the high frequency part
of the spectrum during large events. A study of these data should be undertaken and the errors
evaluated to determine if they are significant. This may require a subregional approach (i.e.,
wind effects in the Santa Barbara Channel may differ significantly from those off San Diego
County). If the potential error is small, then alternative (a) in 2.3.4 should be used to establish the
standard database of nearshore waves in Southern California. Note that this would result in a
uniform approach being taken for the entire West Coast wave database because the broad shelf
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problem does not exist elsewhere on this coast. If the error is too large to be ignored, then a
separate database of measured variations in the wind wave spectra should be undertaken. This
will allow for the correction to be treated as an independent variable additive to the modeled
nearshore spectrum.

2.3.6 Preliminary Time Estimate

The task could require from 120 to 140 hours, depending on whether alternative (a) or (c) in
2.3.4is taken. Table 2 at the end of this document summarizes the estimated hours for this
portion of Topic 5.

2.4 Toric 5: WAVE GENERATION IN SHELTERED WATERS — PACIFIC COAST

2.4.1 Description of the Topic and Suggested Improvement

Local wind conditions typically control wave heights in sheltered waters (non-open coast), such
as Chesapeake Bay, San Francisco Bay, and Puget Sound. Storm seas in sheltered waters are
typically limited by the size and shape of the water body, called “fetch-limited” seas. The
procedures for estimating seas in this situation are referenced in the G&S for the Gulf and
Atlantic Coasts, and the Great Lakes. The references refer to the USACE Shore Protection
Manual (1984) and the USACE Automated Coastal Engineering System (1996) (ACES). No
G&S are available for the Pacific Coast. The suggested improvements entail:

@ Enhancing the G&S to include better guidance for calculating seas in sheltered waters;

@ Updating the G&S to be consistent with the recent USACE Coastal Engineering Manual,
@ Including improved methodologies used in the recent Region X flood studies; and
@

Including contemporary methodologies, specifically third-generation wave generation
models now widely available and in use.

2.4.2 Description of Procedures in the Existing Guidelines

There are no G&S procedures for the Pacific Coast. In this case, guidance can be derived from
the G&S for other geographical areas. The same guidance is provided in the G&S for the other
regions: Section D.2.2.7 Storm Wave Characteristics (page D-24 through D-26) for the Gulf and
Atlantic Coasts, and Section D.3.2.6 Offshore Wave Characteristics (pages D-117 through D-
121) for the Great Lakes. The guidance refers to the USACE SPM (1984) and ACES (1996)
procedures for wind wave generation. The more involved analysis procedure is recommended
where wind wave generation fetches are restricted by the complex geometry of water bodies such
as sheltered waters. The method entails calculating a “restricted fetch” as the weighted average
of a fan of fetches arrayed around the primary wind direction selected. This is described in the
following section, Procedures for Restricted Fetches. This is one of several restricted fetch
methods. This methodology is well documented in the USACE SPM and ACES listed above,
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including very specific guidance on the selection of wind parameters, adjustments to wind
parameters for site conditions, and application of wind wave generation equations for both deep
and shallow water (relative to generated wave length).

2.4.3 Application of Existing Guidelines to Topic-History and/or Implications for
the NFIP

The existing G&S listed above are serviceable, but are based on older technology. A recent
study in Region X (Sandy Point, Whatcom County, Washington — located in the Strait of
Georgia) adopted an enhanced version of the restricted fetch method, called the “composite
fetch” method (PWA, 2002). The USACE have updated their coastal analysis guidance with the
Coastal Engineering Manual (USACE CEM, 2003), which supercedes the Shore Protection
Manual (USACE SPM, 1984). Specifically, the wind wave generation equations for shallow
water have been updated. Also, as noted in the CEM, more advanced and convenient computer-
assisted analysis methods by the USACE and others are readily available and being used by
many persons. These models are not presently approved for use on FEMA FISs.

2.4.4 Alternatives for Improvement
Overview of Wave Generation in Sheltered Water

Waves in sheltered water are characterized by locally generated waves (wind-waves) rather than
swells (waves that have traveled some distance away from where they were generated).

Currently approved FEMA methods for wave generation are the SPM and ACES for restricted
fetch wind growth and MIKE OSW model for deep and intermediate depth applications.

A discussion on wave hind-casting procedures is available in the CEM, (2003). There are two
general types of prediction methods:

@ Empirical prediction methods: These are based on the principle that universal laws
govern interrelationships among dimensionless wave parameters. Relations between
wave generating parameters and wave conditions have been established using wave
observations during the 1940s and 1950s, and updated with more recent studies. The
SPM and ACES methods traditionally used in FEMA studies are Empirical Prediction
Methods.

@ Spectral Energy Models: These are based on an energy balance equation that accounts
for wave propagation processes and processes that add or remove energy from a
particular frequency and direction component, at a fixed point at a given time. Spectral
Energy Models have developed into first-generation, second-generation and third-
generation models with successive improvements in wave prediction. The third-
generation models are widely used today in deep-ocean, shelf-sea wave models such as
WAM (WAMDI Group, 1988). In the present context other models that can be applied to
shallower water are considered, such as SWAN, STWAVE and MIKE21 OSW).
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Improved methods ranging from enhancements to the SPM (empirical prediction) methods to
more advanced computer-aided analysis approaches are available. The more advanced
computer-based Spectral Energy Models or wave action model are considered superior, but
application procedures need to be developed for coastal flood studies.

The alternatives for improvement include:

@ Updating the G&S to be consistent with the recent USACE Coastal Engineering Manual,

F=y
LI
s

Enhancing the G&S to include better guidance for calculating seas in sheltered waters;

% Including improved methodologies used in the recent Region X flood studies; and

# Including contemporary methodologies, specifically third-generation wave generation
models now widely available and in use.

Technical Background

Existing Procedures — Empirical Prediction Models: Procedures for estimating storm seas in
sheltered waters have traditionally followed the USACE Shore Protection Manual (SPM, 1984),
classified as Empirical Prediction Models herein.

SPM Procedures

The SPM procedures are defined in Volume 1, Chapter 3, Section 1V, Estimation of Surface
Winds for Wave Prediction; Section V, Simplified Methods for Estimating Wave Conditions;
and Section VI, Wave Forecasting for Shallow Water. The procedures are detailed in
“cookbook” fashion, with enough technical background to allow appropriate enhancements. The
heart of the procedures is the Sverdrup-Munk-Bretschneider (SMB) set of equations that relate
wind speed, duration, and fetch to wind wave height and period. Modified equations are
provided for shallow water (relative to wave length).

A key component of the SPM method is an iterative procedure to identify the fetch limited
(maximum) seas. A wind speed is typically selected based on extremal analysis. Wind fields are
assumed to include a distribution of speeds and durations, and each wind speed averaged over a
particular duration (SPM, page 3-26). The wind field can therefore be considered as an array of
wind speed — duration pairs, with faster speeds associated with shorter durations. This is depicted
graphically in Figures 15 and 16 (SPM, Figures 3-12 and 3-13 of Pages 3-28 and 29). To
calculate fetch limited seas, the fastest wind speed with long enough duration must be selected.
Typically, this is accomplished by starting with a high wind speed, calculating the fetch-limited
wave height, and checking that the duration-limited wave height is not smaller. If it is, then a
slower wind with longer duration is tried. This iteration is repeated until the maximum fetch
limited condition is established.
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Figure 3-12. Duration of the fastest mile windspeed as a function of
windspeed.

Figure 15. Fastest mile windspeed vs. duration.

(Source: Shore Protection Manual, 1984)
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(Source: Shore Protection Manual, 1984)
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Procedures for Restricted Fetches

Special procedures are often applied for water bodies (embayments) with irregular planforms not
easily represented by a single fetch length. This is typically called a “restricted fetch” condition.
There are several ways of addressing a restricted fetch condition. The SPM notes that one
procedure for addressing restricted fetch conditions, called the “narrow fetch” or “effective
fetch” method, is no longer considered appropriate. This older method shortened the fetch based
on considering the fetch width. This was based on the observation that wind waves were smaller
in restricted fetch areas than open water areas. However, detailed field data indicated that the
directional spread of wind waves was most narrow at the spectral peak, and therefore a simple
shortening of the fetch could underpredict height and period. In an irregular embayment with the
main axis of the open water in line with the primary wind direction, a straight-line fetch provided
better results than the “effective fetch” method (SPM, page 3-51). However, the USACE does
allow for restricted fetch analysis in cases where a straight line fetch may underpredict wave
height and or period, such as when there are multiple but divergent open fetch areas, or the
primary wind direction is not aligned with the axis of a longer open water area. These methods
are called “restricted fetch” methods (Figure 17 from G&S, Figure D-37, page D-121).

ACES Method

The ACES method extends the standard SPM methods to account for restricted fetches. This
method is referenced in the G&S, and was developed by the USACE. It is called the ACES
Method, based on the name of the suite of computer programs within which the method is
provided (Automated Coastal Engineering System [ACES] Version 1.07, USACE, 1992).

One wind direction and several radial fetch directions (up to +/-90 degrees) are considered. First,
the minimum wind duration for a wave field to become fetch limited is evaluated. Then, the
character of wave growth is determined (duration limited or fetch limited) and depending on the
character, appropriate equations are used to estimate the wave conditions. Winds are not
restricted to one direction during storm events and the winds from more than one direction can
affect the wave growth.

The wave direction is found by maximizing an expression (product of a weighted fetch length
and the weighted cosine of the angle between the fetch and the wind direction), which is
assumed to then yield the maximum the wave period. The spectrum-based wave height (Hmo)
corresponding to the above condition is calculated. The method does not explicitly consider
energy transfers from the adjacent fetches in this approach. However, the method is based on the
consideration of these processes. To provide a foundation for consideration of other restricted
fetch methods, the physical processes are outlined below.
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Guidelines and Specifications for Flood Hazard Mapping Partners

a. Required
Geometrical
Information
Point of Interest
N°fth Radial Fetch Length (F)
b. Angle
Conventions

Point of Interest

wind /
Waves

Figure D-37. Outline of Geometry for Wave Development on Restricted
Fetches, from ACES Direction of Wave Development () is Defined by

Maximizing the Product [(F¢)°'25-(cos [0) Jaa 8

Section D.3 D-121 February 2002 Edition

Figure 17. Illustration of restricted fetch method.

(Source: Appendix D, Guidelines and Specifications for Flood Hazard Mapping Partners,
FEMA, 2002)
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Directional Wave Spectra in the Wave Generation Area

Within the wind wave generation area, seas have a broad directional distribution (Goda, 1985,
Section 2.3.2; Seymour, 1977). The directional distribution is often conceptualized by a broad
curve with a maximum energy (height) at the peak wave direction, decreasing with angular
spread from the peak direction as shown in Figure 18 (Goda, 1985, Figure 2.12, page 30). A
curve proportional to the cosine of direction squared, or higher power, is typically used to
approximate the direction distribution. Near the frequency peak, a higher power is used to
represent a narrower directional distribution typically found in the wave field. This concept of
directional distribution of wave power in a wind wave field is used to account for restricted fetch
conditions. The ACES method described above uses a weighted average of a fan of fetches to
develop a single “effective restricted fetch” to use in the wave generation equations: The
weighted average is based on the empirical directional distribution with selected power terms.
The composite fetch method described below also uses this concept, but in a different manner.

Composite Fetch Method

The composite fetch method applies the SMB equations of the SPM method to an array of
fetches, and then combines the resulting wave conditions for each fetch using a weighting
function (Seymour, 1977; USACE, 1989). The method described by Seymour (1977) uses a
cosine squared directional distribution and the Joint North Sea Wave Project (JONSWAP)
frequency spectrum. The methodology was found to give good results when compared to field
data in San Diego Bay, California and English Bay, Vancouver, Canada. The method described
by USACE (1989) is a computer program called NARFET, and also uses the cosine based
directional distribution. This formulation is based on data collected in sheltered waters including
Puget Sound, Washington, and inland lakes. The primary advantage of the composite fetch
method is that it allows a reasonable wave estimate for very irregular embayments, where large
fetch areas exist in the primary wind direction.

The Composite Fetch Method was recently applied in an FIS at Sandy Point, Washington, which
is in Puget Sound-Strait of Georgia sheltered waters (PWA, 2002). Figure 19 shows the site and
the fan of fetches used in the analysis. Wave hind-casting for Sandy Point followed the methods
outlined in the USACE Shore Protection Manual (1984) and the spectral contribution method
using the JONSWAP spectrum (Seymour, 1977).

Figure 20 was the calculated spectrum for waves arriving from the northwest direction. Note that
the spectrum was bimodal, with two peaks corresponding to 8 and 11 second period. The lower
frequency peak resulted from the long, deep fetch up the Strait of Georgia (300 degrees on
Figure 19), which was the primary wind direction used to develop this spectrum. The other
frequency peak resulted from the remaining shorter fetches. While the frequency spectra were
not used for subsequent analysis, a range of wave periods were employed, consistent with the
two peaks.
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Fig. 2.12 Example of Mitsuyasu-type spreading function for s,,, =20.

Figure 18. An example of a spreading function.

(Source: Figure 2.12, Random Sea and Design of Maritime Structues, Y. Goda, 1985)
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Sandy Peint Coastal Flood Study

GF"HA

Figure 19. Composite fetch method application at Sandy Point, WA.
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Figure 20. Bimodal wave spectra.

Changes in CEM (2003) compared to SPM (1984)

CEM suggests that where possible numerical models (e.g., Third Generation, Spectral Energy
Models (SEMs)) should be used instead of the parametric models (Empirical Prediction Models).
However, for shorter fetch lengths and simple situations where project costs would be minimal,
CEM suggests the use of ACES program version of the parametric models (Called ACES
Method herein). CEM also provides the Empirical Prediction Models similar to the SPM. Wind
speeds in the equations are represented as friction velocities in the CEM, as opposed to wind
stress factors in the SPM (1984). The CEM methods are described in Demirbilek et al. (1993).
CEM and SPM methods are slightly different but results are expected to be comparable (Resio
D. personal communication, 2004). Nomographs are also provided in the CEM, which states that
these can be obtained using ACES more expediently.

The CEM recommends the use the deepwater wave growth formulae for all depths, including
shallow water with the constraint that no wave period can grow past a limiting value for a given
depth (Vincent 1985). This is a significant deviation from the SPM, which included different
equations for shallow waters. This revisions result from studies by Bouws et al. (1985) and
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others. Interestingly, these studies indicate that the wave growth in shallow water is not
dependent on the type of bottom sediment, but rather on the depth. A memorandum comparing
the SPM and CEM methods have been prepared by Dewberry and Davis, LLC (2004) identifies
the changes to wind-wave generation methods. The effect on results (calculated wave heights
and periods) in FEMA flood studies should be evaluated before adopting the CEM changes.

An evaluation of the CEM method vs. the SPM method in shallow sheltered water areas would
involve a comparison of the wave heights using both methods. An existing flood study (e.g.,
Sandy Point) can be used for the comparison because wind wave generation results based on the
SPM method are already available. Testing can be accomplished in Phase 2 of this project.

New Procedures — Spectral Energy Models

The spectral energy models are two-dimensional, computer-assisted numerical routines that use
wave growth and decay (dissipation) terms to represent energy sources and sinks in the wave
action balance or energy equations. These are also called third-generation wave models. The
computer model packages listed below are capable of generation and transformation of waves.
There may be several other similar third-generation wave models that are compatible and
mentioning a few of the models as examples below does not endorse these codes to be superior
to the others. An added benefit of using the third-generation models is that output can include a
wave spectra useful as input into other spectral wave models that need the detailed spectra.

SWAN

SWAN is a numerical wave model used to obtain realistic estimates of wave parameters in
coastal areas, lakes, and estuaries from given wind, bottom, and current conditions (SWAN user
manual). The model represents the following generation and dissipation processes:

Generation by wind

Dissipation by white capping
Dissipation by depth induced breaking
Dissipation by bottom friction
Wave-wave interactions

Obstacles

BREEREe

The model is free and is widely used today but is not pre-approved by FEMA for flood studies.
Recent investigation of wave growth and decay in the SWAN model shows good comparisons
with measured data for limited fetch conditions in wind wave frequency ranges (Rogers et. al.,
2002; Boil et. al., 1999). See Figure 21 (Fig.7 extracted from Rogers et. al., 2002). The model
was applied to Lake Michigan and the Mississippi Bight, and “tuning” of the model is discussed.
It is important to compare these two-dimensional models with the other approved models and
measured data to evaluate the merits or de-merits of the models.
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JOURNAL OF PHYSICAL OCEANOGRAPHY

NDBC buoy 45002
: T R R T T Y R L S
—_ 10 .. ........ ERRERD 20 ?f=0~1.HZ .....
N : : : % : : :
T T L T .'_"0"09'Hz" Nt RN S
E : ! : 6] - ivend do i L IV :
c 1 et D ERRREE i 10 x x buoy
) Do 0 4f---i-- ,‘4‘. S08EE606004 0000 :,\ — n1.0PM
05} --gf¥ .l B it SRR GahE 5f---ix!- %] — n1.5PM
ST 2ttt Y ALL= - n2o
0 b : . .;& . : o . :
10 1 12 10 1 12 10 11 12

f- 0. 25 Hz

11 10 11 12
time (Nov. 1995)

F1G. 7. Lake Michigan time series of frequency spectra at two NDBC buoy locations. The SWAN models
are compared with measurements. The n1.0PM,NDS model is not included in this comparison, because it is
practically identical to the n1.0PM model in this simulation: (a) NDBC buoy 45002 and (b) NDBC buoy
45007.

Figure 21. A sample comparison of SWAN Model results with measured data.

(Source: Journal of Physical Oceanography, Rogers, et al., 2002)
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STWAVE

STWAVE is a steady-state wave transformation model that can include wind input and model
wave growth. This model is widely used in USACE studies and has been used in small enclosed
basins for wave generations and validated with the benchmarking system through a joint effort
with Delft University of Technology, Delft, The Netherlands. Results are documented in
voluminous comparisons on the Office of Naval Research (ONR) testbed project (testbed is
discussed in the International Conference on Coastal Engineering [ICCE] 2002 proceedings,
Smith, 2000, 2004).

Bottom friction is not implemented since there is little data for validation (Smith, personal
communications, 2004). Unless propagation takes place over long distances in intermediate to
shallow water, bottom friction may not be significant and STWAVE could still be used.
However, Dally (personal communications) has measured surprisingly large damping over hard
bottom (reefs), and to a lesser degree, sandy bottoms. In a very shallow basin bottom friction is
potentially more important (say for propagation onto broad tidal flats) and STWAVE should be
used with caution (see the Wave Transformations Focus Study Report).

MIKE 21 OSW
(following excerpts from http://www.dhisoftware.com/mike21/News/MIKE_21 OSW.htm):

“MIKE 21 OSW is a fully spectral wind-wave model, which describes the propagation,
growth and decay of short-period and short-crested waves in offshore areas. It includes
wind generation, shoaling, refraction, wave breaking, bottom friction and wave-wave
interaction. The output from the model consists of wave parameters including the
significant wave height, peak wave period, average wave period, peak wave direction and
mean wave direction.”

“Application of MIKE21 OSW in coastal areas (February 2001)”

“Until recently Chi’s fully spectral wind-wave model has mainly been used for large
offshore areas and regional scale applications. New development and improvements have
made the model also applicable in coastal and shallow water environment for various
forcing conditions, see e.g. Johnson and Cooed-Hansen (J. Phys. Oceanogr., 30, pp.
1743-1756, 2000).”

“In a recent paper wind-wave and air-sea interaction parameters were studied in two
fetch-restricted coastal areas using the improved third-generation module in MIKE21
OSW. In the paper model results are compared with field data collected in water depth of
5 m (Femer Belt Model) and 7-10 m (dresund Model).”

“Recently, DHI has developed MIKE SW (not pre-approved by FEMA), which contains
all the features of the MIKE OSW model but has a more flexible grid, making it more
appropriate for deepwater to shallow water applications. MIKE NSW (approved by
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FEMA) can also be used for wind wave generation and shallow water application, but
this model is not a direct extension of MIKE OSW.”

Theory

In the third-generation wave models (e.g., SWAN, STWAVE and MIKE OSW), the evolution of
the wave spectrum is described by the spectral action balance equation. Wave growth and
dissipation are accounted for by the source/sink terms, due to wind input, steepness and depth
induced breaking and bottom friction. The equation solves the wave propagation in space and/or
time and includes terms that represent frequency shifting and refraction due to variations in depth
and currents. While STWAVE is stationary, SWAN and MIKE 21 OSW can be stationary or
non-stationary (time dependent). The equations are solved on a forward marching technique over
a finite difference grid.

Application

The models can be applied from deep to shallow water and for areas approximately in the range
of 25-40 km (Although it can be applied to larger regions, the numerical scheme works better for
mid-sized to smaller regions). The input data generally required to run the models are
bathymetry, boundary conditions, wave spectra at the boundary (if any), wind speed and
direction (one speed and direction for the stationary case). The output would be wave parameters
(wave height, period and direction) and spectra at user selected grid points. Optionally other
input (current, surge etc.) and output (wave setup etc.) are available depending on the model
type. G&S could also include methods of converting data into usable input formats and also
converting output into input needed in the other models for wave runup and setup.

The above third-generation models are widely used for wave generation in restricted fetches and
sheltered water for design purposes but applications in FEMA Flood studies are not seen in the
literature. Most of the applications in the literature are for validation and verification of the
models using experimental measured data, or for tuning of model parameters. Some of the
relevant applications of the SWAN model in the literature are at Lake Michigan and Mississippi
Bight, (Rogers et al., 2002), partially enclosed basin between isles of Raasay and Isle of Skye,
Lake George, Australia (Booij et al., 1999; Ris et al, 1999) and at Dutch Lake ljssel, (Bottema et.
al. 2003).

STWAVE has been applied in small enclosed basins for wave generations and validated with the
benchmarking system through a joint effort with Delft. Results are documented in voluminous
comparisons on the ONR testbed project (testbed is discussed in the ICCE 2002 proceedings,
Smith, 2000, 2004)

Even with all the above testing, it is not clear how the results from SEMs differ from the
parametric models traditionally used in FEMA flood studies, and in particular with extreme
winds and waves.
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Guidance with Wind Input

The above models are well documented in the respective user manuals. Wind speed and direction
are important input parameters in the wave generation process and their usage in the models can
vary from a simple uniform stationary wind field to a time and space varying wind field (in
speed and direction) in the non-stationary modules. In the case of a flood study, the extreme
event wind speed is parameterized as a single wind speed. Selection and conversion of wind data
to model input needs guidance. Adequate guidance was not found in the literature, and therefore
needs to be researched.

The wind input into non-stationary models is in the form of a time series. The other alternative is
to run the model in stationary mode with a constant wind speed and direction. The assumption
that waves have reached a steady state is implicit with this approach. This assumption is valid if
the storm system lasts until the waves reach the maximum wave height for a given wind speed
(fetch limited). Guidance is needed on using stationary vs. non-stationary modules.

Uncertainty — Need to Evaluate Further

Comparisons of simplified methods with the third-generation 2-D models are scarcely known
although the third-generation model validations with wave measurements are ubiquitous in the
literature. CEM (2003) recommends the third-generation models in design and planning
situations and in most circumstances instead of the parametric models. Therefore a comparison
of parametric methods (ACES, SPM, etc.) and the third-generation 2-D models is necessary as a
baseline to continue using parametric methods and also for introducing 2-D models as an
alternate method of wind wave generation for FEMA FIS. As a test case, the results from
parametric methods and 2-D models can be compared with the measured data from an extreme
event. The test cases also would help in defining wind input parameters for the 2-D models. An
existing flood study site or an alternate site can be selected for testing. An existing flood study
site would allow use of prior calculations and results.

2.4.5 Recommendations

Recommended improvements are:

@ Write G&S for sheltered waters as part of the new G&S for the Pacific Coast geographic
area, and include as an update to the existing G&S for the Gulf and Atlantic Coasts
(could also be used for the Great Lakes geographic area, but this is not included in the
present study);

@ Update the existing language to be consistent with the USACE CEM. Specifically,
evaluate the guidance in the CEM for revisions and clarify applications in FEMA studies.
A focused study to compare results using CEM procedures to results using SPM
procedures is recommended. An available FIS site or an alternative location can be
selected for testing. Use of an available FIS site could simplify the study, if prior results
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and calculations are available, although the scope and purpose of the comparison should
be clearly stated. The Sandy Point FIS is recommended because PWA recently
completed this work and is familiar with the data and results;

@ Describe a range of procedures that could be employed, as appropriate:
4 Existing Parametric Models Guidance, for Restricted Fetches, updated for CEM,;

4 Enhanced Parametric Models, using the Composite Fetch Method recently
employed in West Coast Sheltered Waters FISs;

4 Contemporary computer-assisted Spectral Energy Models (SEMs).

@ A focused study to compare results from the SEMs and traditional Parametric Models,
using restricted fetch methods. Application procedures for the SEMs would be clarified,
specifically wind field definition.

2.4.6 Preliminary Time Estimates for Guideline Preparation

The Recommendations can be applied in about 400 to 500 person-hours, and in about 3 months
elapsed time. Another 100 hours is recommended to allow participation of a technical
review/steering committee, to be comprised of management and technical leaders presently
working on the G&S review. Additional elapsed time to complete work may be needed to
accomplish appropriate review and oversight: This indicates a 4-month timeframe is most
appropriate. This estimate is based on use of the Sandy Point FIS data, which included all input
data and results of the Parametric Model using Enhanced Composite Fetch Methods.
Approximately, another 100 to 200 person-hours would be needed for additional analysis, if an
alternate site is selected for testing. This estimate is for the analysis and report only. Review time
for technical and institutional quality control is not included. These estimates are summarized in
Table 2 at the end of this report.

2.4.7 Related Available and Important Topics if Any

Wave Transformations Focused Study, Study Topic 8: Swell and seas originating in the open
ocean can penetrate coastal inlets, and may control coastal flood risk near the mouths of
sheltered waters.

Wave Transformations Focused Study, Study Topic 9: Bottom friction factor used for very
shallow waters may affect wind wave generation.

Storm Surge and wind setup may affect depths to the extent that wind wave generation is
affected.
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3 AVAILABLE TOPIC
3.1  WAVE DEFINITION- ATLANTIC/GULF AND PACIFIC (ToPIC 1)

3.1.1 Description of the Topic and Suggested Improvement

Matrix summary of need for Topic 1: Definitions of wave types using contemporary terminology
and standardize the terminology.

The scope of this effort required that the focus report include definitions of wave types (swell,
sea, storm, tsunami, etc.) and representative wave parameters such as significant wave height,
controlling wave height for use in the Coastal Guidelines. The definitions are intended to provide
descriptions of the storm wave characteristics in both the time domain and the spectral frequency
domain. The research and review for this task required review of definitions presented in existing
published materials, such as USACE Coastal and Hydraulics Lab (Coastal Engineering Manual),
NOAA, and other national and international literature sources.

The reason this was considered a topic for further exploration is based on the Workshop 1
assessment that FEMA should have a glossary of wave terminology with definitions. The
glossary would provide terminology related to commonly applied FEMA storm and wave
characteristics and include other terms and notations that may be unfamiliar to those using or
reviewing FEMA coastal flood study methodologies and techniques or coastal engineering in
general.

The addition to the G&S of a direct link to a common resource for terminology would be useful
for Study Contractors. To enhance Flood Mapping Partners ability to correctly use and
understand the terminology of the coastal environment and physical processes that affect hazard
assessment, Appendix D should require a specific section dedicated to providing the best
available definition of this unique terminology.

The following was proposed for consideration and inclusion in Appendix D:

@ Recommend the adoption of commonly used wave and hazard related terms encountered
in the coastal environment (offshore and onshore). The following primary resources for
inclusion in this task of the Storm Wave Characteristics Focus Study are:

4 Incorporate and refine the specific "Glossary of Coastal Terminology" from the
CEM. It is comprehensive and ties in with past practices of FEMA reliance on the
USACE as a Federal partner for assistance on coastal technical matters.

# Incorporate entirely, the five listings of notations and parameters in the January
1986 publication from the International Association for Hydraulic Research titled,
“List of Sea State Parameters.” These include:
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(1) basic notations,

(2) general parameters and functions,

(3) standard parameters and functions,

(4) directional parameters and functions, and
(5) supplementary parameters and functions.

@ A more significant and important task for this Focused Study group would be to provide
specific guidance on how these terms relate to each other and should be applied relative
to the following:

#+ FEMA guidance for coastal flood studies,

4 Physical processes that are directly associated with FEMA coastal hazard
assessments and flood mapping, and

# Required coastal hazard study methodologies, techniques and models.

3.1.2 Confirm Availability

Both the CEM and the IAHR lists are available for immediate use. Wherever possible in
development of the guidance as a digital document, a link to these resources would be important
in each section of the guidance.

3.1.3 Preliminary Time Estimates for Guideline Improvement Preparation

Table 2 at the end of this document summarizes the preliminary Time Estimates for the Wave
definition topic.

3.2 WAVE GENERATION IN SHELTERED WATER—ATLANTIC/GULF COASTS

3.2.1 Description of the Topic and Suggested Improvement

The current practice is to apply the parametric models using the straight line fetch method
(USACE SPM, 1984), restricted fetch method, or ACES program to generate the wave
conditions at the site of interest. The wind-speed inputs into these methods are 60 mph for
Northeaster-dominated areas (Northern Atlantic), and 80 mph for hurricane-dominated areas.
The appropriateness of these wind conditions should be analyzed based on more recent
information, and new guidelines should be provided for wind input selection. Also, the G&S
should be clarified as to whether CEM and or SPM methods are to be employed.

The G&S for the Great Lakes and Gulf and Atlantic geographic areas are slightly out of date but
functional. A suggested improvement is to update these based on the new version of the Pacific
Coast G&S.
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3.2.2 Confirm Availability

The current wind speeds adopted in FEMA FIS were suggested by the National Academy of
Sciences (NAS 1977). These can be evaluated against more recent results from extremal analyses
that are based on measured extreme wind speeds (see for e.g., National Hurricane Center web
site, http://www.nhc.noaa.gov/HAW?2/pdf/catl.pdf). This and other available literature can be
used to update guidance on wind speeds to be used in the event that wind data are not available
for a particular FIS site. In simple terms, the currently used wind speeds could be increased to
represent a higher category hurricane (e.g., Category 3 instead of category 1, etc.) that represents
a 100-year return period wind speed.

The USACE CEM is readily available and in use. Required adjustments to update from the SPM
to the CEM for the restricted fetch method are minimal. It is presumed that the guidance in the
USACE CEM is sound, but implications to results for FEMA applications should be evaluated
prior to use.

3.2.3. Preliminary Time Estimates for Guideline Preparation

To develop guidelines for the Atlantic and Gulf Coasts, based on Pacific Coast G&S and
additional research, about 60 hours will be required.

Table 2 at the end of this document summarizes the preliminary Time Estimate for this topic.

4 ADDITIONAL OBSERVATIONS

The special case for hurricane-induced storm seas in sheltered waters has not been addressed, but
may be important. There may be recent experiences, for example, Chesapeake Bay in 2003, from
which observations and data can be used to evaluate the range of methods available.

The selection of waves for the open coast and sheltered water will be dependent on the methods
chosen for analysis. Two methods are under consideration: the Events Selection Method and
Response-Based Method. The first method is a deterministic method that selects a single large
forcing event, while the second method is a statistical method that performs frequency analysis
on the response events as the result of many large waves. In Phase 2, these concepts will be
further developed.

5 SUMMARY

The Storm Wave Characteristics Focused Study group was charged with developing
recommendations on wave definitions; conversion from SPM to CEM on shallow water waves;
and available sea and swell databases for Atlantic /Gulf and Pacific Coasts; and local seas for
Sheltered Water. The swell and wave information from offshore is necessary for wave
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transformation from deepwater to nearshore and definition of wave conditions for the 1%-
annual-chance-flood-event.

5.1 CRITICAL TOPICS

This study lists and critically looks at several sources of wave and swell data and recommends
the following:

)

=

For the Pacific Coast, GROW data is recommended, but updated WIS data is under
development and is expected to include input from GROW. After this work is completed
WIS may be the database of choice for the Pacific Coast.

fi

(@ For the Atlantic and Gulf Coasts, the WIS database is sufficient.

For the Pacific, further studies are necessary to critically examine the lack of bias in the
databases, formulate a methodology to prepare input data for wave transformation, and develop a
suitable matrix of GROW directional spectra to ensure complete coverage of the deep water
wave properties envelope. About 200 hours will be required for the Pacific Coast to complete
these tasks over 3 months duration.

For the Atlantic/Gulf Coasts, the following guidelines on the use of WIS databases are needed:
@ extrapolation to 100 years;

@ appropriateness of using either the 100-year significant wave height or 20-year
maximum; and

@ clarification on extrapolation to 100 years.

The measured directional spectra from CDIP buoys contain the contribution from local wind.
The modeled nearshore swell estimates for the Southern California Bight do not contain the
contribution from local wind. A study of the available nearshore buoy records will be made to
assess whether inclusion of the local wind will make a significant change in the high frequency
part of the spectrum (typically periods less than 9 seconds). If there are significant changes, then
a separate database will be proposed for measured variations in the wind wave spectrum. The
task will take approximately 120 hours.

Improvements to the G&S are recommended for Storm Wave Characteristics in Sheltered Waters
for the Pacific Coast. Traditional methods are available and have been successfully applied in
recent FISs. These traditional methods are based on SPM guidance, and need to be reconciled
with revised guidance in the CEM. In addition, the traditional methods rely on parametric models
while more sophisticated spectral analysis models are now available and are being used in the
industry. Hence, the updates to the G&S should address whether the spectral analysis models are
approved for FEMA FISs, and how they should be applied. Further analysis is necessary to better
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understand how the results of the revised and new methodologies would compare with results
from the traditional methods. It is recommended that analysis be conducted prior to revising the
G&S. The proposed analysis will generally consist of applying the revised and new
methodologies to the same data set, reviewing the results, and noting key steps and factors
affecting the results. The proposed analysis is estimated to take up to 600 person-hours over a 3-
month duration. An additional 100 person-hours and 1-month duration is estimated for technical
oversight and review. These estimates presume that the study will be applied to data already
available, probably from a recently completed FIS (the Sandy Point FIS is proposed), and
additional time and costs are expected if the analysis is applied to a new site. The
recommendations for all critical topic is summarized in Table 1.

52 AVAILABLE TOPICS

Several sources of wave definitions have been identified, including CEM and IAHR, to assist in
the creation of a comprehensive set of definitions for all coasts of the continental U.S. in the time
and frequency domain. Two separate sets of standardized definitions, and a specific listing and
definition of common notations will be created for Atlantic/Gulf and Pacific coasts. About 240
person-hours will be required for this effort.

It is suggested that the wave generation issues in the sheltered waters for the Atlantic and Gulf
Coasts can be improved based on the Pacific Coast G&S and additional research on wind
conditions based on measured wind speeds. This effort will take about 60 person-hours. The
recommendations for all available topics is summarized in Table 1.

6 RECOMMENDATIONS

Table 1 is a summary of recommendations for Storm Wave Characteristics Critical Topics and
Available Topics. Note that the focused study combined Topics 4 and 5, incorporated a portion
of Topic 3 into Topics 4 and 5. Other elements of Topic 3 (e.g., wave runup and wave setup)
were considered in other focused studies.

Table 3 Summary of Findings and Recommendations Storm Wave Characteristics

Topic . Coastal | Priority |Availability / Related
Number Topic Area Class Adequacy Recommended Approach Topics
4and5 | Seaand Swell AC C MIN WIS database is recommended for 8,9,

GC C MIN use. Clarify extrapolation to 100- 51

year; investigate appropriateness of
using either 100-year significant
wave height or 20-year maximum.
Clarify use of equivalent deepwater
wave - definition (Topic 1)
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Table 3 Summary of Findings and Recommendations Storm Wave Characteristics

Topic . Coastal | Priority | Availability / Related
Number Topic Area Class Adequacy Recommended Approach Topics

PC C MAJ 1. GROW database is
recommended for use in near term
for swell and sea. Confirm lack of
bias in GROW database. WIS can
be used after completion of current
revision. CDIP data can be used for
model verification.

2. Develop G&S for preparation of
input data for wave modification
models based on GROW
directional spectra.

3. Conduct a study of the available
nearshore data for Southern
California Bight to assess whether
inclusion of the local wind will
make a significant change in the
high frequency part of the spectrum

SwW C MAJ Add guidance on use of Coastal 6,8,9,
Engineering Manual (CEM); 51
conduct a focused study to confirm
that Shore Protection Manual
(SPM) results are similar
(validation for previous studies).
Conduct a focused study and
describe procedures for: (1)
existing parametric model
guidance; (2) enhanced parametric
models; (3) spectral energy models

1 Wave Definitions AC
GC

PC
SW

The recommended approach 4,5,
includes: (1) adopt the CEM 50, 51
“Glossary of Coastal Terminology”
and International Association of
Hydraulic Engineering and
Research “List of Sea State
Parameters” (for notations); and (2)
clarify the correlation of these
terms to the actual guidance and
various methodologies to ensure
consistency

>> > >
<|<| <| <

5 Local Sea - SW A Y The recommended approach is to 6,51
Guidelines for (AtD) update G&S based on Pacific
Local Sea Sheltered Water G &S.
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Table 3 Summary of Findings and Recommendations Storm Wave Characteristics
o | rome | | Proty At pesommenceasgpron |56
Key:

Coastal Area
AC = Atlantic Coast; GC = Gulf Coast; PC = Pacific Coast; SW = Sheltered Waters
Priority Class
C = critical; A = available; | = important; H = helpful
(Recommend priority italicized if focused study recommended a change in priority class)
Availability/Adequacy
“Critical” Items: ~ MIN = needed revisions are relatively minor; MAJ = needed revisions are major
“Available” Items: Y = availability confirmed; N = data or methods are not readily available
“Important” Items: PRO = procedures or methods must be developed; DAT = new data are required;
PRODAT = both new procedures and data are required
Table 4 Preliminary Time Estimate for Guideline Improvement Preparation
Topic [tem Time
Number (Hours)
Swell and Sea- Pacific Coast
4&5 Review GROW Publication 40
Develop and define techniques for input format for wave modification models 80
Prepare description of interface process 40
Coordinate with WIS Pacific Coast Revisions 40
TOTAL 200
Offshore Wave Data-Atlantic/Gulf
4&5 Investigate 100-year significant wave height or 20-year max. 60
Clarify use of equivalent deep water condition 40
Clarify extrapolation to 100-year 20
TOTAL 120
Wind waves in Southern California Bight
5 Evaluate error in nearshore wave data with respect to local sea 90
Recommend an approach 30
TOTAL 120
Wave Generation in Sheltered Waters-Pacific
5 Write G&S for sheltered water and include as an update to the existing G&S for Gulf and 100
Atlantic Coasts. Describe a range of procedures that could be employed.
Compare CEM and SPM procedures using a case study (an existing FIS site) and clarify 100
application of CEM in FEMA studies
A focused study to compare SEMs and traditional parametric models using restricted fetch 300
methods. Application procedure for SEMs including wind field definition
Allow participation of a technical review 100
TOTAL 600
Guideline Preparation-Pacific Coast
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Table 4 Preliminary Time Estimate for Guideline Improvement Preparation

Topic [tem Time
Number (Hours)
1 Using the compiled glossary of terms and notations (from CHL and IAHR sources), 80
correlate each of key terms with the coastal methodologies and application.

Prepare for application within Appendix D 80

Prepare for application for Pacific Coast Guidelines 80

TOTAL 240

Wave Generation in Sheltered Water-Atlantic/Gulf

5 Develop Guidelines based on Pacific Coast 60
TOTAL 60
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1 INTRODUCTION

This document describes an approach to develop guidelines for addressing Wave
Transformation, as part of new Guidelines and Specifications (G&S). Four study topics are
addressed as listed below.

11 CATEGORY AND TOPICS

This paper addresses Wave Transformations, which is a focus study area comprising four Study
Topics:

Wave Transformation Topics and Priorities
Topic Tobi Tobic Descrioi . Prlor.rfy
Number opic opic Description Atlantic / Pacific | Non-Open
Gulf Coast Coast Coast
7 CDIP California California Regional Wave _ C _
Transformation Models
8 Overall Wave Wave Transformations With and H c c
Transformation Without Regional Models
9 Dissipation Wave Energy Dissipation over
Shallow, Flat Bottoms ¢ H(C) c
10 WHAFIS Overland Wave Propagation; 1(C) 1(C) H
Candidate Improvements to WHAFIS
Key: C =critical; A =available; | =important; H = helpful
(Recommend priority italicized if focused study recommended a change in priority class)

Study Topic 8 also encompasses Topics 7, 9, and 10. Therefore, topic 8 is discussed before topic
7 in this report. Revisions were made based on information exchanged in Workshop 2, held in
Sacramento, February 23-26, 2004. Version 2.0 was provided before the workshop. This is
Version 5.0.

1.2 WAVE TRANSFORMATION FOCUSED STuDY GROUP

The Wave Transformation Focused Study group members are Bob Battalio, the leader of the
study group, Carmela Chandrasekera, Richard Seymour, Bill O’Reilly, Darryl Hatheway, Terry
Hull, Rajesh Srinivas, and David Divoky.

1.3 GENERAL DESCRIPTION OF WAVE TRANSFORMATION PROCESSES AND PERTINENCE
TO COASTAL FLOOD STUDIES

Wave Transformation refers to changes in wave characteristics during propagation, generally
propagating from deep through shallow water. The primary processes affecting wave
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transformations are refraction, diffraction, shoaling, dissipation, and nonlinear effects. Wave
refraction is a key process affecting the distribution of wave energy and power, and hence the
potential for coastal flooding along a shoreline. Wave refraction results from a change in local
wave propagation speed due primarily to local depth changes. Wave refraction can result in
convergence or divergence of the wave energy producing changes in wave height as well as
wave direction in the nearshore. Diffraction of water waves is a phenomenon in which energy is
transferred laterally along the wave crest. As waves slow down in shallow water, wave-length
reduces and wave height increases. The increase in wave height is referred to as wave shoaling.
As waves move into shoaling water they eventually become unstable and break. Wave breaking
is the prominent method of wave energy dissipation. Waves also lose energy due to bottom
friction and viscous damping when they propagate over shallow and intermediate waters, and
through inundated marshes.

Wave transformations are important processes to consider in coastal flood studies, especially
where long period swell is prevalent, and where coastal morphology focuses wave action. Wave
transformations are addressed as an intermediate step between forcing processes (wave
generation) and response processes (wave runup and overtopping). An example of forcing
processes is provided in Figure 1, which shows the surface atmospheric pressure and wind fields
estimated for a north Pacific storm. The heavy black lines and text identify the zone expected to
generate swell incident to the California shore approximately 3 days later. Figure 2 characterizes
swell exposure for the central California Coast from close range and distant storms, in terms of
swell travel path and time. The West Coast of the United States is exposed to large swell from
distant storms, resulting in very long wave lengths that are especially sensitive to wave
transformation processes such as depth-induced refraction. An example of response processes is
provided in Figure 3, which shows coastal flooding in Pacifica, California, caused by wave
runup and overtopping.

Regional wave transformation modeling is ongoing in California, most notably via the Coastal
Wave Data Information Program (CDIP). Figure 4 shows a public-domain output of wave
refraction modeling by CDIP for the San Francisco, California area. The graphic shows that
wave transformations can greatly increase swell exposure for some areas and decrease it in
others. This point will be amplified by looking at swell observations for three locations identified

in Figure 4:

1. Ocean Beach, San Francisco;

2. Bolinas Bay and Lagoon Inlet, Marin County;

3. Crissy Field Shore and Lagoon Inlet, San Francisco (inside San Francisco Bay).
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Map source, NOAA internet site: Forecasting Marks, Approximate Analysis by Bob Battalio.

Figure 1. Offshore wave generation by a North Pacific Storm, with Forecast Swell arrival
on the West Coast of the U.S. about three days later.
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Source: Public Internet Site.

Figure 2. North Pacific swell paths incident to central California. Rings are one-day travel
distances for moderate period swell, and radial lines are swell travel paths.
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(Photos by Bob Battalio).

Source: CDIP Internet Site

Figure 3. Wave setup, runup, overtopping and coastal structure damage, Pacifica, CA.
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Figure 4. Wave transformation modeling by the Coastal Data Information Program at
Scripps Institution of Oceanography.

The CDIP regional wave modeling predicts large waves at Site 1, smaller waves at Site 2 and
much smaller waves at Site 3.

Figure 5 is another CDIP product showing a close-up view of wave refraction effects around the
San Francisco Golden Gate area. An aerial photograph of Site 1 (Ocean Beach) shows wave
crossing patterns consistent with the CDIP modeling (Figure 6). Figures 7 and 8 are photographs
of breaking waves at Site 1 with heights on the order of 20 to 40 feet. Note that these waves are
long-period swell with little relation to local weather.
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Wave exposure at Site 2, Bolinas Bay, is characterized in Figure 9. This figure shows wave
heights measured offshore and used as input to CDIP refraction modeling, wave heights
measured nearshore, and wave height output from the CDIP modeling for the nearshore location.
A comparison between the modeled and measured wave heights shows good agreement and
confirms that wave transformations greatly reduce incident wave heights for this section of the
coast.

Wave exposure at Site 3, Crissy Field, is characterized in Figures 10 and 11. Crissy Field is
located in the San Francisco Bay, and swell has propagated through the Golden Gate. Figure 10
shows a time series of wave heights and periods measured offshore in the Pacific Ocean and near
the Crissy Field shore. While the wave heights are much lower at Site 3 than in the open ocean,
maximum heights from swell can approach the height of other locally generated wind waves
potentially governing coastal flooding potential. Figure 11 is a photograph of a swell breaking at
Crissy Field.

Wave transformations can also be important in sheltered water areas such as Puget Sound, as
determined in a recent flood study at Sandy Point, Whatcom County (Figure 12). Sandy Point is
exposed to wind waves generated within the greater Puget Sound, with particular exposure to a
long open fetch in the Straight of Georgia (Figures 13 and 14). 100-year wind wave heights over
16 feet were calculated, with peak periods up to 11 seconds (Figure 15). The bathymetry
offshore of Sandy Point includes a shallow area called Alden Bank (Figure 16), which was found
to focus wave energy at Sandy Point (Figure 17). The wave focusing results in increased flood
potential for a part of the Sandy Point community, as verified by observations during a moderate
flooding event (Figure 18).

Wave Transformations discussed in this report include all changes to wave conditions during
propagation from offshore waters to nearshore waters pertinent to coastal flood studies. Wave
Transformation analyses are typically applied after offshore wave conditions are defined, with
results used as input for nearshore runup analysis or overland wave propagation, both used for
flood risk mapping.
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Figure 5. Wave transformation close-up at (1) San Francisco, (2) Bolinas and

(3) Half Moon Bay, CA.
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Source: U.S. Army Corps of Engineers, South Pacifica Division.

Figure 6. Wave Refraction Resulting in Large Breaking Waves
at Ocean Beach, CA (Site 1 in Figures 4 and 5).

Photograph: Tim Britton

Figure 7. Breaking waves at Ocean Beach, CA.
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Photograph: Tim Britton.

Figure 8. Breaking waves at Ocean Beach, CA.
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Offshore Data from CDIP (Point Reyes Buoy) and NABCO (Monterey Bay Buoy). Nearshore (Bolinas PUV
Wave Gauge) Wave Data from PWA. Model Predictions from CDIP Refraction Analysis. Bolinas Bay is Site 2
in Figures 4 and 5 (PWA, 1999).

Figure 9. Wave height comparison at Bolinas, California vs.
offshore and nearshore wave measurements.
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Figure 10. Wave height and period comparison at Crissy Field vs. offshore buoy
measurements.

Photograph by Bob Battalio.

Figure 11. Reduced swell wave heights at Crissy Field, east of Golden Gate Bridge,
San Francisco, CA (Site 3).
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Figure 12. Example in sheltered waters, Sandy Point, Whatcom County, WA.
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Figure 13. Local wind sea forcing in Strait of Georgia, WA.
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Figure 16. Bathymetry grids for wave transformation modeling
at Sandy Point, WA.
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Figure 17. Wave focusing due to wave transformation affects flood risk.
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Flod Risk Shown to be Affected by Wave Refraction.
Figure 18. Coastal flooding event 12/15/2000 at Sandy Point, WA.

2 CRITICAL TOPICS
2.1 Toric 8: WAVE TRANSFORMATIONS WITH AND WITHOUT REGIONAL MODELS

2.1.1 Description of the Topic and Suggested Improvement

Wave Transformations refer to changes in wave characteristics during propagation. The primary
processes are refraction, diffraction, shoaling, dissipation, and nonlinear effects. For practical
reasons, Wave Transformations are often considered in the regime bracketed by wave generation
(typically in “deep water”) and depth-induced breaking (typically “near shore). See the Storm
Wave Characteristics Focused Study for guidance on developing offshore wave conditions for
input to wave transformations. See the following topics for guidance on related nearshore
processes that use the output from Wave Transformation: Wave Setup; Wave Runup and
Overtopping, and Overland Propagation. FEMA G&S address coastal flooding by wave action
via wave runup (RUNUP 2.0 software) and or overland propagation (WHAFIS software), both
of which require wave conditions at the beginning of the surf zone. However, wave
transformations through the surf zone are important to wave setup and wave dissipation
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processes and hence shallow water wave breaking processes are included in Wave
Transformations and in Wave Setup. Wave reflection and current-induced refraction are typically
ignored, and guidance can be found elsewhere (USACE SPM, 1984; USACE CEM, 2003).

Refraction, diffraction, shoaling, and dissipation are strongly dependent on the wave length, with
longer waves (higher wave periods) being affected the most (wave height is important, and
dissipation due to propagation through vegetation can be greater for shorter, steeper waves).
Irregular and steep bathymetry also increase wave transformations. Wave transformations are
important for Pacific Coast flood studies owing to the longer waves, and generally steeper and
less regular bathymetry. Wave transformations on the Pacific Coast are graphically depicted by
near-real-time wave models applied under CDIP see for example
http://cdip.ucsd.edu/models/socal_now.shtml. In Southern California, near shore wave heights
can vary by a factor of 5 over a few miles of shoreline. Wave energy can be significantly
dissipated (wave heights attenuated) during propagation over extensive shallow areas and
intertidal marsh due to friction effects, viscous damping, and flow obstruction. These processes
are particularly important in the Gulf Coast where sand and mud flats and marsh may extend for
miles. Similar conditions can be found in some estuaries (Sheltered Waters) such as San
Francisco Bay (West Coast) and Chesapeake Bay (East Coast).

Presently, the G&S do not include a description of wave transformations, and no G&S are
written for the Pacific Coast (FEMA, 2003). Yet, prior Pacific Coast studies have addressed
wave transformations in some detail (Tetra Tech, 1982; PWA, 20023, b). Hence it is
recommended that the Pacific Coast G&S be written to include Wave Transformations. Other
regions could use the information in the Pacific Coast G&S as appropriate.

2.1.2 Description of Procedures in the Existing Guidelines

There are no G&S procedures for the Pacific Coast. In this case, guidance can be derived from
the G&S for other geographical areas. Wave Transformations are addressed in Appendix D of
the FEMA G&S in terms of overland travel (Sections D.2.6 - 2.6.4) and application of the
WHAFIS model. This treatment is one-dimensional (defined by a profile), and limited to shallow
water breaking and dissipation processes. Dissipation due to propagation over shallow areas and
marsh plants is included. However, wave refraction, diffraction and shoaling are not addressed,
except in passing references such as on page D-70: “Where land shelter or wave refraction may
result in reduced incident waves, it is appropriate to specify an initial significant wave height for
the transect.” The emphasis of the G&S on depth-limited, shallow water propagation and
dissipation is logical given the bias toward the Atlantic and Gulf Coasts.
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2.1.3 Application of Existing Guidelines to Topic—History and/or Implications for NFIP

The existing G&S are not adequate for Pacific Coast Flood Insurance Studies, and depending on
site characteristics, are often not adequate for other regions, including sheltered waters.
However, some wave transformation methods have been used in the following case studies.

Case Studies on the West Coast

Following are selected flood insurance studies on the Pacific Coast that address wave
transformation at different levels of complexity.

Sandy Point, Whatcom County, Washington (PWA, 2002a)

Sandy Point is located close to the southern end of the Strait of Georgia, in the Pacific Northwest
(Figure 12). The morphology consists of a 2-mile-long southward prograded sand and gravel
spit. Swell wave existence at Sandy Point was ruled out because of its sheltered location.
Governing wave conditions are locally generated seas and the highest waves are caused by winds
blowing along the Strait of Georgia (Figures 13 and 14). The longest fetch to the northwest
dominates the deepwater wave characteristics, and effects of varying fetch lengths in different
directions were visible in wave spectra (Figure 15).

Deepwater waves were transformed to near breaking waves using RCPWAVE, a two-
dimensional numerical model for wave refraction, diffraction, and shoaling. The main
bathymetric features include a large offshore shoal, the Alden Bank (Figures 16 and 19). The
grids generated for wave transformation are shown in Figure 16. The wave transformation results
revealed wave energy focusing by the shoal, which accounted for the extreme flood hazards
close to the tip of Sandy Point (Figure 17). Although wave focusing is real, the degree of
variation of wave heights from focusing to de-focusing areas was overestimated. This is
attributed to the monochromatic (non-spectral, single period) calculation method used by
RCPWAVE and extreme refraction. Therefore, a parameterized directional spectrum weighting
function (Goda, 1985) was used to average the distribution of wave energy in shallow water, for
waves of all applicable directions. The highest averaged breaking wave heights were selected for
wave runup calculations. Wave setup due to the highest average breaking wave was calculated.
The stillwater level (SWL) was increased appropriately inside the surf zone when calculating
smaller waves breaking close to the shore. Simplified methods from the SPM (1984) were used
for wave breaking and setup calculations. The results were quantitatively verified by comparison
with flood limits resulting from a large event that occurred during the study period.

Birch Bay, Whatcom County, Washington (PWA, 2002b, ongoing)

Birch Bay is located within the unincorporated limits of Whatcom County, Washington.
Principal coastal flood problems occur at Birch Bay when strong northwest or southwest winds
occur during periods of low barometric pressure, resulting in high storm surge conditions. The
morphology at Birch Bay is different than Sandy Point because of the bay bathymetry and the
extended mudflats.
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The wave analysis for Birch Bay consisted of three steps:

@ a windwave-hindcast for three large wind and water level cases,
B transformation of the deepwater waves to breaking, and,

@ selection of wave conditions to be used for each shoreline reach.

The focus of the wave analysis was to select an appropriate range of wave conditions for each
section of shore as input to the runup and overtopping analyses, including the effect of wave
setup by the largest waves. The important wave characteristics were the wave periods (spectral
average and range) and the wave heights, (the largest average breaking waves). The RCPWAVE
computer program was used to transform deepwater waves to shallow water, and directional
smoothing procedures of Goda (1985) were applied to the near breaking wave heights. The
selected highest average waves for each reach was used for wave setup calculations and for wave
runup and overtopping calculations. Wave dissipation over the shallow mud and sand flats was
ignored. The approach used for wave transformations was similar to those used for Sandy Point.
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Figure 19. Bathymetry - Sandy Point, WA.
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Bandon, Oregon (CH2M Hill, 1995)

The City of Bandon is located at the mouth of Coquille River in the southwestern Oregon, in
Coos County on the Pacific Ocean. The Flood Study was performed based on corrections to
SWLs at a long-term tide station and return period wave runups based on the U.S. Army Corps
of Engineers (USACE) Phase Il Wave Information Studied (WIS).

Phase 111 WIS data (at 33 ft depth) were used in the wave analysis work. CH2M Hill compared
the WIS monthly mean wave heights to the waves recorded by a Corps pressure gauge and found
that WIS waves were slightly higher than the gauge records. The report mentions that wave
refraction and shoaling were investigated to the extent necessary to verify that results from
simplified methods were reasonable. Namely, to confirm that the selected large high waves could
approach the study site, and confirm the limiting assumptions used in WIS data to transform
Phase Il waves (deepwater) to Phase I11 waves (at 33 ft depth), of uniform bottom slope and
parallel, straight depth contours. Applicability of WIS Phase I11 results were verified by
calculating nearshore wave heights using SPM (1984), Plate C-6 and ACES software. Plate C-6
shows change in wave direction and height due to refraction on slopes with straight, parallel
depth contours including wave shoaling. This is an example of the simplified method usage for
wave transformation.

Northern California Coastal Flood Studies (Ott Water Engineers, 1984)

Several sites along the northern California Coastline were included in the study. Offshore wave
data were obtained from the U.S. Navy Weather Prediction Model. Storm waves (local) were
calculated from the Sverdrup, Munk, and Bretschneider (SMB) method and tsunami levels were
obtained from the U.S. Army Engineer Waterways Experiment Station in Vicksburg,
Mississippi. The Wave Track model was used to obtain nearshore wave conditions due to
shoaling and refraction. This model outputs wave height at breaking, and direction in the shallow
water.

San Francisco Bay and Puget Sound (Baker, 1989)

Baker (1989) proposed an effective-fetch method for wave analysis and the SPM (1984) methods
for wave refraction, shoaling and determining breaking wave locations. The breaking wave
heights are input into the WHAFIS program to determine changing wave heights, as the waves
progress further landward along representative shore profiles.

Puget Sound (Coulton, 1988)

A finite difference program called WAVES?2 was used to compute refraction and shoaling of
incoming deepwater, fetch limited waves as they approach the study sites. Input data include
nearshore bathymetry, deepwater wave height and period, and the direction and starting location
of the wave train. Wave ray location and directions are established on a two-dimensional depth
grid and the output includes, refraction and shoaling coefficients, shallow water wave height and
length, and the water depth to wave height ratio. Graphical output enables the refinement of the
starting location of the wave rays enabling intercept of the study site transects.
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Pacific Northwest (Dorratoague, et al.1977)

Deepwater wave conditions at the continental shelf were obtained by the SMB method, using
deepwater wave charts, with wind speed, fetch, and duration as input. These waves were tracked
to the shore using a wave shoaling and refraction computer program that was not specified.

Southern California Coastal Flood Studies (Tetra Tech, 1982)

Tetra Tech completed coastal flood studies for southern California in the 1980s. Their approach
to wave transformations was documented in a report titled Methodology for Computing Coastal
Flood Statistics in Southern California. A linear wave refraction routine was applied to
transform waves from deep to shallow water for winter swell and hurricane wave sources.
Approximately 183 model runs were required. Wave setup was calculated using the change in
wave radiation stress using a spectral wave model. The spectral wave model uses simplified
assumptions, such as linear super-position of spectral components (with consideration of
maximum high-frequency energy), parameterized directional spectral shapes and wave breaking.
However, the results indicate benefits relative to non-spectral approaches. Wave runup was
calculated using a similar approach, with Hunt’s method (similar to RUNUP 2.0) as the runup
calculator. The methodology employed in this study is the most detailed and robust for open
Pacific Coast conditions.

2.1.4 Alternatives for Improvement
Introduction

Guidelines and Specifications for Wave Transformations need to be written, as part of the G&S
for the Pacific Coast. G&S for other regions could be left as is, with the presumption that
guidance on wave transformations could be derived for the G&S for the Pacific Coast.

Key areas that need to be included and expanded in the G&S are identified below in “Guidelines
for Wave Transformation.”

Guidelines for Wave Transformation

There are many methods that can be employed to successfully simulate nearshore wave
characteristics in an FIS. The Study Contractor faces the important task of selecting the
appropriate methods for the study. The G&S need to address the selection of methods based on
the physical parameters that are encountered in the wave transformation process. Guidance can
be provided based on the following criteria:

® Region and Site Geomorphology: A starting point is to select methods based on the site
conditions at the regional level (e.g., exposure, island sheltering, etc.) and at the site level
(mild sandy slopes, or steep cobbles, etc.) ;

@ Contour regularity / irregularity: The irregularity of farshore and nearshore bathymetry
has a major affect on the degree of wave refraction and diffraction that will occur, and
hence the level of analysis necessary to achieve reasonable accuracy;

22
\eeem—— -
FEMA CoASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FOCUSED STuDY REPORTS

WAVE TRANSFORMATION

—————————— . ————

fig)

Seabed steepness: Bottom slope affects shoaling rates, refraction and diffraction, and
dissipation;

@ Wave parameters: Wave period (length), steepness, height and possibly spectral shape
affect wave transformations;

]

[z

Information needed for subsequent analyses, such as setup and runup, may affect the
methods used.

fi

fa

Evaluation of analysis results: Identify results that would indicate a more detailed
methodology is appropriate, such as wave ray crossings. Identify methods for validating
the results from model applications.

Description of Wave Transformations

The G&S will include a description of wave transformations and pertinent factors as background
for subsequent analysis. Appendix 1, Section A-1.1 provides a “feel” for the content and level of
detail proposed

Relationship with Other Analyses Steps

In a flood study, the final task is to determine the flood elevations and landward extent by
evaluating storm surge elevations, wave runup, and overtopping during a 100-year return-period
flood event. Wave transformation accounts for the changes in wave characteristics between
offshore and nearshore. The nearshore waves are important as input into the runup and
overtopping calculations and also to estimate the increase in stillwater elevation due to wave
setup. G&S need to be written to identify methods that will provide adequate information for
subsequent analyses. The text in Appendix1, Section A-1.1.1, is an example of the proposed
coverage and content.

The following topics would be addressed in the G&S to identify linkages. Cross references
would be provided.

Storm Wave Characteristics

@

® Wave Setup
@ Wave Runup and Overtopping

@ Overland Propagation (WHAFIS)

@ Tsunami
Processes
The G&S should provide a description of the following processes addressed within Wave

Transformations. The section A-1.1.2 in Appendix 1 provides an example of what may be
written, with additional polishing, graphics, and references.

(@ Wave Refraction and Diffraction
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Wave Shoaling and Breaking
@ Wave Energy Dissipation, Non-Breaking
@ Wave Propagation Over Inundated Land Areas

) Wave Generation

]

[z

Wave Reflection

@ Nonlinear Effects

fi

Regional and Geomorphic Considerations

The G&S should include information to help determine the type and level of analyses to use. The
G&S should categorize the coastal areas in terms of regional and local site conditions, and link
these characterizations to appropriate methods.

Regional Models

Regional wave transformation models have been developed for most of California under the
CDIP, jointly funded by USACE and the State of California Department of Boating and
Waterways. These models address wave refraction using a spectral back-refraction model and
have been calibrated and verified using wave data collected with directional wave gauges. The
models and the resulting data represent a significant potential resource for future coastal flood
insurance studies. For a given site, wave height transformation coefficients can be used to
transfer selected deepwater wave conditions to the nearshore. Alternatively, where available,
nearshore hind cast time series can be analyzed directly. Also, where available, radiation stresses
can be obtained for wave setup calculations.

As discussed in Section 2.2, regional wave modeling using the CDIP approach is recommended
for the California Coast, including the proposed development of a nearshore wave climate based
on transformed wave hindcast data (see also the Storm Wave Characteristics Focus Study).
While expansion of the CDIP is recommended to satisfy FEMA’s needs for coastal flood studies
in California, interim procedures are needed both for use of CDIP data and other regional models
that may become available, to address site-specific wave transformation studies, and for other
locations.

Wave transformation coefficients have been developed by the CDIP for much of the California
Coast. The data are generally more developed for Southern California and progressively less
developed for Central and Northern California and other West Coast regions. In Southern
California, very detailed and well-verified data exist. Guidance is required for the use of these
data, including how to address wave growth due to winds within the domain of wave
transformation modeling. For Central and Northern California, substantial data are also available
but have not been verified to the same extent and require additional guidance for use.

For the Pacific Northwest (Oregon and Washington), some data are available now and more may
be developed as part of the CDIP over time, and hence appropriate guidance will be needed. In
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these areas, the 40-year commercially available GROW data set could serve as the deep water
input and simplified wave transformation models may be appropriate.

The G&S will probably recommend the use of regional modeling where appropriate and use of
output from regional modeling where available. It is recommended that the CDIP regional
modeling products be used for California, to the extent appropriate, with a reference to a “user
manual” or other document by FEMA and or CDIP. It is important to note that regional
modeling is not an absolute need. That is, a coastal flood study could include wave
transformation analyses only as required for a given community. This may be the case along a
sparsely populated coast where only limited detailed coverage is needed in the foreseeable
future, or where results are needed before regional modeling can be accomplished.

Input and Output Parameters

The G&S should provide details on required input and possible output for different analysis
methods. The text given in Appendix 1, section A-1.2 would be augmented as the other portions
of the Pacific G&S are developed. References and graphics would be added to clarify concepts.
Input and output parameters appropriate for a given coastal flood study can be selected by
considering the following topics.

Geographic / Geomorphic

Input data requirements should be identified along with guidance on spatial domain and
boundaries, based on regional and geomorphic characteristics. Graphics and quantified criteria
will be developed based on available guidance. The text given under section A-1.2.2 in
Appendix A is the beginning.

Wave Characteristics

Descriptions of wave characterization appropriate for the different types and levels of wave
transformation analyses will be provided in the Wave Transformations G&S to be written. The
text provided in Appendix 1, section A-1.2.3, outlines the range of characterizations to be
described. Text will be augmented based on available literature with references and graphics. As
described in the Storm Wave Characteristics Focused Study report, a deepwater wave climate
should be available for input to the wave transformations. The objective is to allow a nearshore
shallow water wave climate to be developed, including directional spectra. Common
representations of waves and concerns are:

@ Mono chromatic - basic characteristics such as significant height, peak period, and central
direction.

@ Frequency Spectra — wave height is a function of wave frequency. Guidance on shallow
water spectra is needed.

@ Directional Spectra — both wave height and direction are a function of wave frequency.
Guidance on deepwater and especially shallow water spectra is needed.
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Groups and Infra-gravity Waves — this subject requires further research.

@

Breaker Parameters — guidance other than a constant breaker height to breaker depth ratio
of 0.78 is necessary Adequate information exists in the literature to write this guidance,
and should be used to develop recommended methods.

Radiation Stress

The G&S will build upon published methods for regular and irregular wave setup calculation.
One methodology that could be employed is described in Tetra Tech (1982). Coordination is
required with Wave Setup Focused Study.

Wave Refraction and Diffraction Methods

Method Selection

A range of techniques is available for transformation of waves from deep to shallow water. The
type of bathymetry is a key parameter in selecting the appropriate method. Simple techniques
can be applied in the case of simple bathymetry (straight and parallel bottom contours) to
account for wave shoaling and refraction. For random, directional waves it is necessary to
transform all component waves in the spectrum and use superposition to obtain wave conditions
in finite water depths. Model selection is subject to the key parameters of input/output terms,
bathymetric features, and wave characteristics. Guidance on methods selection will be provided
in the G&S.

Simplified Methods
The simple techniques can be applied in the case of simple bathymetry (straight and parallel

bottom contours).

Refraction by Snell’s Law

The path traced by the wave orthogonal as a wave crest propagates onshore is called a wave ray.
Simple wave propagation problems can readily be visualized by construction of wave rays
manually or by graphical techniques. In the case of straight and parallel contours, and for
monochromatic waves the Snell’s law (sin 8/C = constant) can be applied to draw the path of the
wave ray.

In addition, the wave height variation can be estimated by considering two closely spaced wave
rays. Assuming no transfer of energy takes place across the wave ray boundary, wave height at
any location along the wave ray is given in terms of the offshore wave height, shoaling, and
refraction coefficients. These coefficients can be calculated in terms of the water depth and the
orthogonal distance between wave rays at the interested location. The CEM provides solution
nomograms (Figure 11-3-6) which are also automated in the ACES program.

Linear Refraction
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If the bathymetry has variations along the shore, then the simple Snell’s law approach cannot be
used, rather a 2-D approach must be used. One common method is wave ray tracing. The ray
approach for wave refraction has had problems caused by wave ray crossing, at which point
wave height becomes infinite. These problems are caused by the fact that each ray is traced
independently of the other rays and there is no refraction or breaking. Some numerical methods
overcome this problem by artificial smoothing techniques. Results need to be checked for signs
of wave ray crossings (caustics) and in that event a simple refraction-diffraction model is more
appropriate.

Graphical Diffraction

Graphical Diffraction methods are available in SPM (1984); Goda (1985); and CEM (2003).
Methods include monochromatic and simplified spectral approaches. These methods can be
applied relatively easily and are reliable for most cases. A description of application of Goda’s
methods using the s factor (directional spread) will be included.

Refraction / Diffraction Models

The following text provides a summary of contemporary wave refraction / diffraction analysis
methods. Some are approved for use by FEMA and some are not. As part of the G&S, it is
recommended that those not approved be applied to a test case to identify the differences in
results, and that further literature review be accomplished to gauge the accuracy of the models.
Based on the results, recommendations for approval and guidance on application will be
developed and included in the G&S.

When waves propagate into water depth that is less than about one-half of the wave length, the
direction of wave propagation gradually changes. These changes can cause energy
concentrations or spreading depending on the bathymetry. Sometimes when diffraction is not
considered in the wave transformation method, wave heights can increase to unrealistic
elevations. In reality, wave heights are limited by breaking either because of depth or steepness
constraints. Diffraction effects (the spread of energy along the wave crest) can also, reduce
locally high wave heights and reduce the tendency for local wave breaking. For more complex
bathymetry with shoals, islands or other major geological features, both refraction and diffraction
need to be modeled.

A series of programs are available that deal with diffraction, in addition to modeling wave
refraction and shoaling. A brief discussion of these models is available in CEM, 2003. The CEM
lists the computer programs RCPWAVE (Ebersole, 1985; Ebersole, Cialone, and Prater, 1986),
REFDIF1 (Kirby and Dalrymple, 1991) for monochromatic wave refraction, as available and in
use by USACE but cautions the users to apply these models within the limits of their use.

FEMA pre-approved RCPWAVE is a steady-state linear wave model based on the mild-slope
equation and includes wave breaking. The program is limited to open coast areas without
structures or islands etc. A comparison of wave refraction and diffraction models was performed
by Maa et al., (2000). Wave transformations were estimated across the elliptic shoal and
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compared with experiments carried out by Berkhoff et al., (1982).RCPWAVE performed poorly
in simulating the wave height distribution and wave direction. Therefore this model may be
inadequate in modeling areas with sand shoals and other complex bathymetry.

The CDIP has applied a linear, spectral back-refraction model along the California Coast.
Detailed application of this model has included verification using directional wave data collected
at deep and shallow water wave gauges. Very good results have been obtained.

REFDIF1 is a steady-state model based on the parabolic approximation solution to the mild-
slope equation. Although this model is not pre-approved by FEMA, it is known to provide more
accurate wave heights than from the RCPWAVE model in certain bathymetric situations (Maa et
al., 2000). However, if the study domain has complicated geography and/or bathymetry, or if
there is a strong wave diffraction and /or reflection, elliptic mild slope models are appropriate.

MIKE 21 EMS is based on the numerical solution of the Elliptic Mild-Slope equation formulated
by Berkhoff (1972) and is capable of reproducing the combined effects of shoaling, refraction,
diffraction, and back-scattering. Energy dissipation from wave breaking and bed friction, is
included along with partial reflection and transmission through pier structures and breakwaters.
MIKE 21 EMS can be used to study wave dynamics in smaller coastal areas and in harbors. The
Module is particularly useful for the detection of harbor resonance and seiching due to, for
instance, long-period swell.

The extended mild-slope models may be more appropriate for steep and rapidly varying
bathymetry. These models are computationally expensive and therefore only applicable to
smaller areas.

Spectral Refraction Models

STWAVE

Developed by the USACE Waterways Experiment Station (WES), STWAVE is a steady state,
spectral wave transformation model, based on the wave action balance equation. A wave action
approach can handle a current correctly, where as an energy spectrum approach cannot.
STWAVE is able to simulate wave refraction and shoaling induced by changes in bathymetry
and by wave interactions with currents. The model includes wave breaking based on water depth
and wave steepness. Other features of STWAVE include wind induced wave growth, and
influences of wave white capping on the distribution and dissipation of energy in the wave
spectrum.

STWAVE is most applicable to wave transformation problems where the following assumptions
can be made:

® Mild bottom slope and negligible wave reflection.
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fig)

Spatially homogeneous offshore wave conditions with steady state wave, current, and
wind conditions.

ki

2

@ Linear wave refraction and shoaling with negligible effects from bottom friction

Wave energy dissipation due to bottom friction and viscous damping effects may occur as waves
propagate over shallow areas. Dissipation is not included in the standard version of STWAVE.
However, a version that addresses dissipation is being used by the USACE (personal
communication, Resio, at Workshop 2) and other versions have been developed and used by
others with good results.

SWAN

The numerical wave transformation model SWAN was developed at the Delft University of
Technology, Delft, Netherlands. SWAN and STWAVE have many similarities. Like STWAVE,
the formulation of SWAN is based on the spectral wave action balance equation. This model
currently has many well-developed features, which provide the user with many execution options
These features range from purely convenient options that allow several different formats for
input and output data, to options that allow control of fundamental physical processes in the
model, for example wave generation, dissipation, and interaction. Linear wave refraction and
shoaling are included in the model. Some differences from STWAVE are:

@ Input wave conditions can be varied spatially along open boundary, and wind, water level
elevation, and current inputs can be varied spatially over the entire computational
domain.

@ Simulations may be steady state or dynamic. SWAN has the ability to compute a time
varying solution, rather that just a series of steady state solutions.

@ Users of SWAN must consider the following model assumptions in a specific application:

@ SWAN does not model wave diffraction or reflection, and therefore is most useful in
applications where accuracy of the computed wave field is not required in the immediate
vicinity of obstacles.

@ Mild bottom slope with negligible wave reflection

REF/DIF S

REF/DIF S was developed at the Center for Applied Coastal Research, at the University of
Delaware. This spectral wave transformation model is a further development of the REF/DIF 1
model, which solves for monochromatic waves only. REF/DIF uses the parabolic form of the
mild-slope equation, and the complex amplitude of each separate wave component. Because the
mild-slope form of the governing equation is used, the model includes the effects of wave
diffraction, unlike STWAVE and SWAN.

29
- B —— Y
FEMA COASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FoOcuseD STubDY REPORTS

WAVE TRANSFORMATION

S ——

Alternatives to Spectral Models

If the wave-wave interactions can be ignored, a simplified method of “energy transfer functions”
can be used to construct the nearshore wave energy spectrum at a specified location for any
given off-shore spectrum. The procedure involves calculating the response matrix using a linear
refraction-diffraction model with a unit incident wave height (or amplitude) for the range of
wave frequencies and directions. The transfer functions need to be calculated only once since the
refraction-diffraction model is linear. The response to any desired incident directional spectrum
is then constructed by appropriately weighting each discrete component. This method has been
used by O’Reilly and Guza (1991, 1993) for wave predictions in an analytical circular shoal
configuration and at Southern California locations. They used the spectral refraction model of
LeMehaute and Wang, (1982) and a spectral refraction-diffraction model (linear version of the
higher order PEM derived by Kirby 1986a, Kirby 1986b, and Kirby and Dalrymple, 1986). The
CDIP has applied a linear, spectral back-refraction model along the California Coast. Detailed
application of this model has included verification using directional wave data collected at deep
and shallow water wave gauges. Very good results have been obtained. See the write-up for
Topic 7: California Regional Wave Transformation Models for a more complete description.

Use of Directional Spreading Functions

Wave directional spectra are not available as output from many of the above discussed models.
In such a situation, if wave directional spectra are required as input to another model or for
smoothing out the artificial wave energy focusing effects, an approximate method would be to
use directional spreading functions. This is a semi-parametric approach for generating directional
wave spectra. Goda (1985) discusses a couple of functions including the Mitsuyasu type
(Mitsuyasu et al., 1975).

Wave Shoaling and Breaking

Method Selection
Adequate information exists in the literature to complete the following G&S for Wave Shoaling
and Breaking. Method selection is primarily based on wave characteristics and morphology.

Linear Shoaling

Waves slow down upon entering shoaling water and consequently wave height increases and
sometimes decreases depending on group/phase velocity relations. The change in wave height
due only to the change in wave group velocity is referred to as shoaling. Linear shoaling assumes
the waves are of small amplitude and therefore the linear wave theory can be used to derive the
shoaling coefficient (Ks = H/Ho) by equating the offshore wave power to the wave power at any
nearshore location (before breaking). When other processes such as wave refraction, diffraction,
and dissipation are involved in the transformation process, equivalent deepwater wave height is
used instead of the deepwater wave height in the shoaling equation (Ks = H/Ho’)

Non-Linear Shoaling
As waves approach very shallow water, several wave lengths seaward of breaking, shoaling
becomes highly non-linear and the linear shoaling coefficient may significantly under predict the
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wave height, especially for long waves in shallow water. Non-linear shoaling coefficients are
available in several publications, which relate shoaling coefficients to parameters of wave
steepness, relative depth and beach slopes (Goda, 1985, SPM and others).

Breaking Indices

In shallow water, breaking is limited by water depth and the point of breaking is influenced by
wave steepness and beach slope. Simple wave breaking indices for regular and irregular waves
are discussed in the CEM (2003), Part I1-4.

A breaking wave model (series of equations) that operates on a site-specific nearshore profile
(one-dimensional) is needed to calculate wave setup, as described in the Focused Study report
for Setup (see in particular Topics 44 through 48, Wave Setup). The breaking wave model
should be adequate to calculate wave radiation stress through the surf zone for irregular wave
conditions. The wave radiation stress is used to calculate wave setup. Guidance is also needed
for the dynamic component of wave setup, using available information. The breaking wave
model shall be applicable for the Gulf, Atlantic and Pacific Coasts, including sheltered waters,
but is critical for the Pacific Coast.

Spectral Transformations

Vincent and Briggs (1989) showed by their lab experiments that wave transformation over a
shoal is sensitive to the shape of the incident wave directional spectrum and differ significantly
from a single unidirectional wave. Therefore, the approach of defining a single wave height to
represent the offshore spectrum and using this wave height in the unidirectional wave
transformation models does not prove to be satisfactory when shoals and complex bathymetries
exist.

Transformation of incident wave frequency-directional spectra can be achieved by combining
multiple model runs, each for a single frequency and direction (Izumiya and Horikawa, 1987;
Panchang et al., 1990). These spectral models do not explicitly predict the directional spectrum,
but have been used to estimate the directionally integrated energy to determine the wave height.

Wave Energy Dissipation, Non-Breaking

Method Selection

Method selection will be based on bed and wave conditions and or region and other site
conditions. To the extent practicable, coefficients will be provided for the described methods
based on published data. Where data are not adequate to calculate wave dissipation, calibration
will be recommended.

Friction

Friction related energy dissipation occurs mainly in shallow water (Tubman and Suhayda, 1976).
The friction effect varies with the type of bottom material and also as a function of wave
parameters, relative depth, propagation distance etc. Guidelines for selection of criteria are in
Section 2.3
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Viscous Bottom
Unlike friction related dissipation, which usually occurs in shallow water, soft (flexible) bottom
dissipation can also cause significant wave attenuation in intermediate water depths.

Suhayda (1984) documents the use of a numerical model to develop wave crest elevation
attenuation coefficients by simulating the effects of wave generation by wind, shoaling, and
dissipation due to breaking, bottom friction, and soft muds during extreme hurricanes. The
author models wave height/energy to change exponentially with distance along the wave travel
direction. To compute its effects on wave dissipation, he models the soft muddy bottom as a
visco-elastic medium, in accordance with the MacPherson (1980) model. The results summarize
wave height to water depth ratios in the range of 0.42 to 0.78 for the 21 transects, that he used in
this study. Guidelines for selection of criteria are addressed in Section 2.3.

Marsh Vegetation

G&S Appendix D (2002) considers marsh vegetation (pg. D-72 to D-80) under description of the
WHAFIS 3.0 model. Eight parameters are used to describe the dissipation properties. This
procedure was specifically developed for the Gulf and Atlantic Coasts. Applicability of these
guidelines for the Pacific Coast wetland areas need to be explored. Also see the section “Method
for Wave Attenuation in Pacific Marsh Conditions” under Topic 9.

Wave Propagation over Inundated Land Areas

This condition is commonly observed in the Atlantic and Gulf Coasts, and WHAFIS 3.0
approved by FEMA is applied in the present FIS. Although not common, overland wave
propagation can be significant in marshes surrounding bays (e.g., San Francisco Bay). The
changes to wind characterization may be necessary to use the WHAFIS model for the Pacific
conditions.

Continuation of the two-dimensional wave transformation models into the inundated regions
may be the next step of improvement. However, application of two-dimensional models may be
constrained by data availability. The G&S will address use of WHAFIS for Pacific Coast FIS.
Extensive G&S exist for application of WHAFIS to the Gulf and Atlantic Coast FIS, with
additional guidance in Section 4.1.

2.1.5 Recommendations

Recommended improvements are:

1. Write G&S for Wave Transformations as a section within the G&S for the Pacific Coast;
2. Include several focused studies to demonstrate the Wave Transformations G&S;
3. Use available publications to identify a range of methods from simplified to more

detailed so that study managers and contractors have a range of “tools” to select from, to
provide defensible and cost beneficial studies;
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4, Develop criteria for level of analysis required based on region, site geomorphology, wave
characteristics, available input data and regional models, and required output data. These
criteria will guide the procedures used for refraction, diffraction, shoaling, and
dissipation. Include development of guidelines for spatial coverage and wave
parameters, and address use of regional models such as CDIP;

5. Research available literature to adequately define wave groups, infragravity waves,
shallow water spectra, and radiation stress formulations for input into wave setup and
runup calculations;

6. Evaluate adequacy of linear wave transformation models and needs to supplement these
models. Place emphasis on representation of infragravity waves;

7. Evaluate wave transformation models using available case studies or a selected data set,
in order to compare results. Review available literature and guidance on the range of
applicability of contemporary computer models. Recommend models for inclusion on the
FEMA pre-approved coastal model list, and provide guidance on their application to the
FEMA FIS.

8. Incorporate applicable sections of existing G&S for other geographical areas that cover
the overland propagation and wave energy dissipation topics.

2.1.6 Preliminary Time Estimates for Preliminary Guideline Preparation

Table 2 summarizes the preliminary estimates of time required for Critical Topic 8. These time
estimates do not include responding to comments and suggestions associated with the review of
the Guideline improvements.

2.1.7 Related Available and Important Topics

Wave Characteristics Focus Study Topic 4: Swell and seas originating in the open ocean can
penetrate coastal inlets, and may control coastal flood risk near the mouths of sheltered waters.

Wave Transformations Focus Study Topic 9: Bottom friction factor used for very shallow waters
may affect wind wave generation.

Wave Transformations Focus Study Topic 10: WHAFIS is included in Wave Transformations.

Storm Surge and wind setup may affect depths to the extent that wind wave generation is
affected.

2.2 TopriC 7. CALIFORNIA REGIONAL TRANSFORMATION MODELS

CDIP regional modeling can now provide transformation coefficients for most locations in the
Southern California bight and some locations in Central California.
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2.2.1 Description of the Topic and Suggested Improvement

The CDIP at Scripps Institution of Oceanography maintains a database of linear, spectral
refraction-diffraction transformation coefficients for shallow coastal areas from the U.S.-Mexico
border to Point Arena north of San Francisco (O’Reilly and Guza, 1991). The database
nominally extends into depths as shallow as 10m with alongshore spacing of approximately
200m. The wave model coefficients are for waves with periods longer than 8 seconds
(frequencies less than or equal to 0.12 Hz) and are primarily used to produce the swell wave
height maps on the CDIP website. Figure 20 is an example of the CDIP product for the southern
California Coast.

The spectral refraction-diffraction model uses a parabolic approximation to the mild slope
equation and is computationally well suited for making wave predictions across large regions
like the Southern California Bight. However, waves refracting around islands and over
submarine canyons can propagate at high angles to the x-axis of the model bathymetry grid. This
violates the small angle approximation in the underlying parabolic equations, resulting in
numerical noise that makes it difficult to extract directional wave information from the model
output. In addition, anomalously large transformation coefficients can occur near extreme
bathymetry owing to the high wave angle propagation errors. Because of the model limitations,
only nearshore frequency spectra between 0.04-0.12Hz (no direction information) can be
estimated from input deep water frequency-directional spectrum, and care must be taken to
ensure that numerical errors have not corrupted any of the coefficients if they are going to be
used for FEMA Coastal FIS. As a result, CDIP does not widely distribute specific data from this
transformation coefficient database without careful QC by the CDIP staff.

Because of the numerical limitations of the spectral refraction-diffraction model for nearshore
coastal engineering and scientific studies, CDIP is now implementing a simpler spectral
refraction modeling method to derive regional, alongcoast wave predictions just seaward of the
surfzone. This technique has recently been applied to the Los Angeles County coastline, as part
of the region’s USACE Storm and Tidal Waves Study, with good results. See also the discussion
in the Introduction to this report and Figure 9 for an application in northern California at Bolinas
Bay (PWA, 1999).

2.2.2 Description of Procedures in the Existing Guidelines

There are no G&S procedures for the Pacific Coast and regional model use is not covered in
FEMA existing G&S.

2.2.3 Application of Existing Guidelines to Topic—History and/or Implications for NFIP

There are no G&S procedures for the Pacific Coast and regional model use is not covered in
FEMA existing G&S.
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2.2.4 Alternatives for Improvement
Basic Methodology

A linear, spectral refraction model will be used to transform deep water hindcasts of extreme
storm wave spectra to nearshore wave spectra at locations just outside the surf zone along the
entire U.S. West Coast. The resulting nearshore database will be validated against wave
measurements on a regional basis, and made available to FEMA contractors as an approved
source of incident wave information for coastal hazard modeling and mapping.

The Spectral Refraction Model

The transformation of deep ocean directional wave spectra to the nearshore will be performed
using a spectral wave refraction model (Longuet-Higgins, 1957; LeMehaute and Wang, 1982;
O’Reilly and Guza, 1991). The model accounts for island blocking, wave refraction, and wave
shoaling. Spectral refraction back-refracts wave rays from the site of interest to unsheltered deep
water over the entire range of possible wave frequencies and wave directions. The retained
starting and ending ray angles are then used to map a deep water directional spectrum to a
sheltered or shallow water spectrum at the back-refraction site. The resulting solutions are more
realistic than those obtained using an assumption of unidirectional, monochromatic deep ocean
waves.

The spectral model is linear; therefore the model calculation needs to only be performed once for
a particular location and sea level elevation to obtain linear transformation coefficients between
the offshore and nearshore wave spectra. As a result, the creation of a nearshore wave spectra
database for the entire U.S. is feasible, and future improvements to all or parts of the database
should be straightforward. The spectral refraction model has undergone extensive validation in
Southern California (O’Reilly and Guza, 1993a, O’Reilly et al., 1993b) and is well suited for the
U.S. West Coast, where the continental shelf is relatively steep and narrow and bottom
dissipation effects are small. Recent field validation of the spectral refraction model in the
vicinity of a submarine canyon (Ray, 2003) demonstrated that diffraction effects are small over
even extreme natural bathymetries, and spectral refraction is an adequate methodology in these
situations.

Model Application and Validation on the U.S. West Coast

From a wave modeling perspective, the U.S. West Coast can be divided into two distinct regions:
1. Southern California, from the U.S.-Mexico border to Point Conception.

2. The open coast from Point Conception north to the U.S.-Canada border.

The Southern California region is partially sheltered from deep ocean waves by islands, resulting
in a local wind generated sea wave climate that must be considered separately from incident
swell waves in some areas. In addition, the coastal wave climate at the east end of the Santa
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Barbara Channel, approximately between the cities of Ventura and Santa Barbara, is significantly
affected by the reflection of northwest swell off the coastal cliffs on the north side of Santa Cruz
Island (O’Reilly et al., 1999). The spectral refraction model has been tested extensively in
Southern California and a large database of wave measurements exist to assist in the
development and validation of a FEMA extreme wave database for this region.

North of Point Conception, owing to a lack of islands, the transformation of deep water waves to
the coast is more straightforward. However, far fewer directional wave measurements have been
made outside Southern California, particularly north of San Francisco, so the model has
undergone little validation along most of the U.S. West Coast. Based on CDIP’s experience with
the model in Southern California, and an application of the model to a site at the entrance of
Bolinas Lagoon near San Francisco by Philip Williams and Associates, it is anticipated that the
spectral refraction model will perform well north of Point Conception. Nevertheless, new
directional wave measurements specifically for model validation in Oregon and Washington are
needed.

Wave Model Information Needs

The primary boundary condition information needed to develop the nearshore wave model
database is bathymetry and hindcasts of extreme deep water wave spectra.

Bathymetry
Adequate bathymetric data is believed to exist for the West Coast. CDIP currently maintains a

bathymetric wave model grid for the California Coast. In addition, the National Geological Data
Center (NGDC) has recently released high resolution bathymetric grids for the West Coast, and
maintains a database of digital bathymetric survey data for this region.

Combining the various data sets into an optimal wave model bathymetry grid for Oregon and
Washington will be required, but is not foreseen as a significant hurdle in the development of the
nearshore wave database.

Deep Water Spectra

Several deep water hindcast databases currently exist or are being developed in the public and
private sector. The USACE has been revising its Wave Information Study (WIS) database for
the Pacific Coast, and several private companies (e.g., Oceanweather) have developed similar
databases. FEMA will need to acquire an extreme deep water spectra database, nominally with 1
to 2 degree latitude spacing up the West Coast, for use as an offshore boundary for the wave
model. Extreme event hindcasts, and resulting nearshore model predictions for approximately
1980 to the present, will be validated against deep water wave data collected by CDIP and
NOAA where possible. As mentioned previously, significantly more wave data are available in
California (and Southern California in particular) for this purpose.
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Nearshore Database Limitations

Linear spectral refraction modeling of wave spectra makes several important assumptions and
has known limitations.

@ The model is a “propagation only” model, and assumes that additional wind input to the
spectrum is small from the deep water boundary to the nearshore site. In Southern
California, this means incident swell from the open Pacific and seas generated within the
islands by local winds must be treated separately. North of Pt. Conception, this
assumption needs further validation, particularly in Oregon and Washington where the
continental shelf is widest and additional wind input to the spectrum across the shelf may
be large enough to measure.

@ The model assumes currents are weak and bottom dissipation effects are small.
Validation of the model in Southern California has confirmed that these assumptions are
reasonable. However, the model may not be appropriate for a nearshore site directly
seaward of an inlet where tidal currents are strong.

® The model assumes wave diffraction effects are weak. This assumption has also been
confirmed through inter-model comparisons in Southern California. An exception would
be very close (1 wavelength) to a coastal structure like a jetty or groin. However, it is
anticipated that the nearshore model prediction sites will be seaward of any coastal
structures in order to remain outside the surf zone when modeling large wave events.

@ The model assumes the bathymetry seaward of the nearshore model sites does not
change. CDIP’s experience in Southern California, comparing old bathymetric surveys
to recent ones, suggests this is a reasonable assumption. In addition, spectral wave model
results are generally not sensitive to small changes in the model bathymetry, or tidal
elevation, in water depths greater than 10m. Nevertheless, the nearshore database may
require periodic updating in some coastal areas if local knowledge suggests that
significant bathymetric changes occur seaward of the nearshore model site (e.g., near
river mouths or large inlets). An example of this would be the San Francisco Bar, which
has not been surveyed since the 1950s (Battalio and Trivedi, 1996).

@ Nonlinear effects are not included. Specifically, the effects that generate infragravity (1G)
waves as a result of the interaction of two linear spectral components are not taken into
consideration seaward of the inshore location of the wave transformation. Although this
interaction is known to be strongest in shallower water, it is also known to be strong on
the Pacific Coast and there may be substantial contributions to the growth of the 1G
portion of the spectrum seaward of the landward point of linear wave transformation.

Required Tasks for Wave Database Development and Validation (Long-term)

(@ Task 1: Literature and Data Search.
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& Gather all the literature (reviewed and gray) on the application of the spectral
refraction model on the West Coast.

o+ Locate all the sources of digital bathymetric data for the West Coast.
# Locate all potential sources of deep water wave hindcast spectra for the West
Coast.
@ Task 2: Model and Field Measurement Validation Planning (Based on what we learn
from Task 1).
+ Decide on one or more hindcast data sets to acquire/use.
@ Decide on what bathymetric data sets to use to make the official FEMA West

Coast bathymetric grid.

o+ Decide where to make additional wave measurements. The goal is for FEMA to
have a comprehensive set of studies/references to support the use of the final
database.

@ Task 3: Model Development and Field Measurements.
% Deploy additional wave buoys to begin acquiring optimal validation data.
@ Assemble U.S. West Coast wave model bathymetry grid.

# Make initial model runs at various locations on the West Coast with simulated
high energy wave spectra. Use these to decide how to select locations of
nearshore sites (water depths, and alongshore spacing) and where to apply special
regional modeling needs (local seas inside islands, island wave reflection).

@ Task 4: Field Validation of Deep Water Hindcasts and Nearshore Predictions.

@ Use all the existing data, both historical and newly acquired, to validate the deep
water hindcast and nearshore model accuracy during large wave events. Modify
modeling methodology in some areas if necessary. Document findings with
appropriate reports and/or peer reviewed papers.

@ Task 5: Evaluate need to include nonlinear effects in some manner.

@ Task 6: Create FEMA Nearshore Wave Spectra Database.

+ Generate the database using field validated hindcast data and wave transformation
code.
# Prepare a simple instruction manual on the use of the database.

38
"N -
FEMA CoASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FOCUSED STuDY REPORTS

WAVE TRANSFORMATION

—————————— . ————

% Install the data and the manual on a secure Internet site.
Required Tasks for Interim and Short Term
See Short-Term (Phase 2) Recommendations, in the following section.
2.2.5 Recommendations
Long-Term Recommendations

1. A substantial amount of nearshore data exists to validate the magnitude of changes to the
high frequency part of the spectrum during extreme events. A study of these data should
be undertaken and the errors evaluated to determine if they are significant. This may
require a subregional approach (i.e., wind effects in the Santa Barbara Channel may differ
significantly from those off San Diego County.) If the potential error is small, then
Approach (a) should be used in establishing the standard database of nearshore waves in
Southern California. Approach (a) is to assume no wind-induced change in the spectrum.
Note that this would result in a uniform approach being taken for the entire West Coast
wave database because the broad shelf problem does not exist elsewhere on this coast. If
the error is too large to be ignored, then a separate database of measured variations in the
wind wave spectra should be undertaken. This will allow for the correction to be treated
as an independent variable additive to the modeled nearshore spectrum.

2. Adopt regional wave modeling for the Southern California Coast.

3. Expand CDIP for the California Coast of the US:
a. Use regional models to develop near shore directional spectral wave climate,
b. Acquire and process bathymetry,
C. Acquire hindcast offshore wave database,

d. Verify hindcast by comparison with recent (after 1980 buoy deployment) buoy

data, and
e. Verify nearshore wave spectra with wave measurements.
4. Evaluate any limitations due to the linearity of the transformation models.
5. Consider expanding regional wave modeling for Washington and Oregon Coasts using

CDIP or other programs (e.g., WIS) at the appropriate time and depending on the need,
recognizing that regional wave models are more logical in densely populated areas.
Individual studies may be performed in sparsely located communities (see Topic 8).
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Short-Term (Phase 2) Recommendations

1.

Develop Interim Guidance for: (This work is proposed as critical for the Study Topic 8
Wave Transformations, but is included here for completeness.)

a. Southern California: Develop G&S for use of CDIP information for this region
where the CDIP program is the most mature and wind wave growth may be
important within the modeling domain.

b. Central California: Develop G&S for use of CDIP data for this region where the
CDIP program is less mature;

C. Northern California: Develop G&S for use of CDIP data for this region where the
CDIP program is the least mature.

Use existing CDIP bathymetry grids for the California Coast.
Use an alongshore spacing of 400m on the 20m depth contour for the entire coastline.

Create 2 sets of transformation coefficients in Southern California. One set for swell
(waves modeled from outside the islands to the 20m contour) and a second set for seas
(waves modeled from the mainland shelf break, inside the islands, to the 20m contour).

In each of 3 regions (Southern California, Central California, Northern California)
demonstrate the models capability for predicting nearshore wave conditions during large
winter storms using existing buoy data (very limited data available for Northern
California).

Create a database on the CDIP server that is accessible to FEMA contractors. Provide a
user’s manual, and simple Fortran and MATLAB code, to assist contractors in using the
model coefficients with their hindcast wave spectra.

Limitations of the short-term plan:

@

The short-term modeling effort will not address known underprediction of wave heights
between Santa Barbara and Ventura owing to reflection of NW swells from Santa Cruz
Island.

Recent bathymetric survey data for some areas of California will not be included in the
fast-track product.

The 400m spacing of alongshore points may be somewhat coarse in areas with extreme
nearshore bathymetry (e.g., around submarine canyon heads).

It is assumed that FEMA will provide CDIP with at least minimal funding to maintain the
database after the 6-month contract period.
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2.2.6 Preliminary Time Estimates for Preliminary Guideline Preparation

Table 2 summarizes the preliminary estimates of time required for Critical Topic 8. These time
estimates do not include responding to comments and suggestions associated with the review of
the Guideline improvements.

2.2.7 Related Available and Important Topics

Not Applicable.

2.3 ToriCc 9: PROPAGATION OVER DISSIPATIVE BOTTOMS

2.3.1 Description of the Topic and Suggested Improvement

The sea floor starts to influence the heights and directions of waves when they enter regions with
water depths less than half a wavelength. Common mechanisms for such change include
refraction, reflection, shoaling, breaking, diffraction, and bottom dissipation.

This section addresses the effects of bottom dissipation on wave transformation. The nature of
the bottom (roughness, porosity, rigidity, etc.) and its interaction with surface waves causes wave
damping and changes in wave kinematics. Appreciable wave height attenuation may occur if the
wave propagation distance is long or if the bottom is not very rigid.

Ignoring bottom dissipation mechanisms can lead to overestimated nearshore wave heights,
particularly when the transformation distances are great or when the bottom contains soft muds.
In turn, the overestimated wave heights may lead to overestimates of flood hazard risk for
shorefront development.

G&S needs to address this topic, because wave energy dissipation is a significant part of wave
transformation in the Gulf of Mexico and for beaches with similar or other local geomorphologic
conditions in the Atlantic and Pacific regions.

2.3.2 Description of Procedures in the Existing Guidelines

Presently there is little or no guidance on wave dissipation mechanisms for wave transformation
analysis in FEMA guidelines. For overland wave propagation, WHAFIS model includes wave
dissipation from marsh vegetation (G&S, Appendix D, 2002). However, wave dissipation from
muddy bottoms has not been included in WHAFIS.

2.3.3 Application of Existing Guidelines to Topic—History and/or Implications for NFIP

Significant wave dissipation and damping can occur before waves travel overland during
extreme wave events. The guidance in the current G&S are inadequate, given different site
characteristics encountered in FIS.
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2.3.4 Alternatives for Improvement

Overview

Typical wave propagation analysis involves transforming hindcast or buoy data in deep water to
the nearshore through numerical models that simulate generation, shoaling, refraction,
diffraction, and breaking; bottom dissipation effects are not routinely considered.

A literature review on the above topic demonstrates that bottom dissipation mechanisms can lead
to significant wave height attenuation in the nearshore. Consideration of such dissipation
mechanisms can help increase the accuracy of predicting nearshore wave heights. In the G&S
development, guidance shall be provided for when and where dissipation can become significant
to consider in FIS. The guidance can be based on bottom type, propagation distance, relative
depth (depth/wave length or depth/wave height), wave steepness, wave height and length, and
shall identify what methods to use for each bottom type.

Technical Background

Existing Procedures
Bottom dissipation mechanisms can be mathematically expressed as a negative forcing term in
the conservation of wave energy equation as follows.

%EJth 0(E§)=—€ (1)

where E is the wave energy, C the wave group velocity, ¢ the energy dissipation rate per unit

area, and t time. Vj, is the horizontal gradient operator. For steady state, longshore uniform
conditions, Equation (1) reduces to

dEC,
dx

- )

where X is the direction of wave propagation. Dissipation can occur at the surface, at the bottom,
and due to wave breaking. One may consider ¢ as the sum of energy dissipations due to wave
breaking and bottom effects. Dissipation due to bottom effects dominates seaward of the break
point; dissipation due to breaking dominates landward of the break point. The following sections
describe commonly accepted relations for dissipation due to rough, porous, and mud bottoms and
vegetated marshes.

Rough Bottom
Dean and Dalrymple (1991) express energy dissipation due to bottom friction as

po A Ho )
F 487 sinh kh

42
\)\/\\/\\/\ .

FEMA CoASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES

(3)




FOCUSED STuDY REPORTS

WAVE TRANSFORMATION

————————————

where p is the density of water, f the friction factor, H the wave height, o the angular wave

frequency, k the wave number, and hthe water depth. The friction factor is a function of the
Reynolds number of the flow at the bottom and relative bed roughness (a ratio of the excursion
of the water particles at the bottom to the bottom roughness). Typical friction factor values lie in
the range 107 to 100. An alternate form of Equation 3 used by some researchers defines a
modified friction factor c; equal to f/8.

Porous Bottom
Dean and Dalrymple (1991) express energy dissipation due to bottom percolation as

.- £9°H 2Kk
" 8vcosh?kh )

where g is the acceleration due to gravity, K is the permeability constant, v the kinematic

viscosity of water. Typical values for K for sand are in the range of 10° to 10" m?.

Viscous Bottom
Dean and Dalrymple (1991) express energy dissipation due to a viscous bottom as

_ Payo0H i 2 (02 _ gk)2 )

£, =
v 1602

where p, and v, are the density and kinematic viscosity of the mud layer, H the wave height of
the surface wave. The angular wave frequency is

gk(P2 —1) tanh kh
2 'O 2

o° = and o =gk (6)

P2 | tanh kh
o,

in which p is the density of the water.

Other Formulations

Other formulations for non-rigid beds are also possible. Lee (1995) provides a general summary
of dissipation described by different models for non-rigid beds, Lee (1995) also suggests a wave
attenuation function of the form

H= Hoe_kix @)
to model the effects of soft mud on wave propagation in uniform water depth. H, is the incident

wave height and k; is the wave attenuation coefficient for soft muds. Lee recommends the range
10 < k; < 0.05.
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Substituting Equation 7 into Equation 2, assuming a horizontal bottom for a wave traveling a
distance X from location 1 to location 2, yields

g, =C.E,(1-e )/ X ®)
where ¢ is the energy dissipation experienced by the wave as it travels from location 1 to 2 and
E, is the wave energy at location 1. Note that Suhayda (1984) adopts a similar approach in his
numerical model to simulate wave energy dissipation due to both soft muds and bottom
dissipation—in fact, he uses the form of Equation 7 to model the effects of both bottom friction
and soft muds on wave height evolution.

Vegetated Marsh

WHAFIS simulates the effects of energy dissipation by flexible and rigid vegetation on wave
height. When necessary, this WHAFIS methodology, developed for overland energy dissipation
by marsh plants, can also be adopted for computing the effects of such vegetation seaward of the
shoreline. In practice, this suggests that the WHAFIS computations should begin at the seaward
edge of the marsh vegetation rather than at the generally-adopted mean sea level shoreline start
point.

Method for Wave Attenuation in Vegetated Marsh Conditions

Many investigators have suggested that vegetation damps wave energy. Knutson et al. (1982)
performed a field experiment to quantify this phenomena in Smooth cordgrass (Spartina
alterniflora also called Atlantic cordgrass) marshes. Dean (1978) suggests that marshes will
affect waves in much the same manner as an array of vertical cylinders. Knutson et al. (1982)
modified this equation to calculate wave damping by marsh plants and calibrated the coefficients
for smooth cordgrass. The equation relates H,, the incident wave height seaward of a stand of

marsh grass to H,, wave height landward of the stand of marsh grass as follows.

Hl

=1 9
1+ AH,w ®)

2

where w = width of the stand of grass from seaward to landward through which waves propagate
and

(10)

in which, C =plant drag coefficient, C, = typical drag coefficient approximately 1.0, S = stem

spacing, and d =water depth. This was derived for constant depths. For smooth cordgrass
marshes, Knutson et. al found that C  =5.
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It should be noted that marsh vegetation and morphology differ from region to region and with
salinity levels. Pacific cordgrass (Spartina Foliosa) is less substantial than Atlantic cordgrass
(Figure 21). Application of these equations can be considered for the Pacific Coast marshes with
test cases to calibrate the coefficients. The above equations have been used to evaluate a
minimum distance of vegetation required to damp wave energy in large and normal wind wave
and tide conditions in the marshes in San Francisco Bay. The wave-damping model assumes that
the transmitted waves actually encounter the vertical plants, therefore is less valid for larger
water depths.

Hansen (2002) measured the effectiveness of tules (cat tails) in dissipating incoming boat wake
energy in the Sacramento-San Joaquin Delta. Prior to commencing his research, a literature
review was done and he found that studies on wave energy dissipation along the West Coast are
sparse. Knutsen et al. (1981) conducted a study on erosion control by inter-tidal vegetation. His
work included California marshes, but provided few results relevant to the present topic.

Method for Wave Attenuation in Pacific Mudflats

Waves are damped when traveling across mudflats, because of the sediment rich water column
and movement of the bed, friction, and wave breaking. The attenuation of ferry wakes
propagating over mudflats in San Francisco Bay has been analyzed by applying the Ippen-
Keulegan (Ippen and Kulin, 1955; Keulegan, 1948) equations (PWA, 1995). The best-fit
dynamic viscosity value was found using wave measurements. This reference can be used to
provide guidance on wave dissipation over mudflats in San Francisco Bay. Figure 22 (PWA,
1995) shows the attenuation of wave heights with mudflat distance. Waves over mudflats have a
wave height to depth ratio that is much lower than the standard depth limited breaking criteria;
therefore, wave breaker location for soft mud beds can be different from that of a sandy bottom
for the same gradients.

Selected Literature Review and Recent Studies

Recent wave measurements and modeling work by Surfbreak Engineering Sciences (unpublished
work) suggests that bottom friction can be an important dissipation mechanism for waves
traveling over both sandy bottoms and hard bottoms. In fact, wave dissipation because of bottom
friction over a hard bottom may be an order of magnitude higher than that over a sandy bottom.

Previous work by Suhayda (1984), Forristal and Reece (1985), Sheremet and Stone (2003a,
2003b), and ongoing work by Taylor Engineering suggests that dissipation by soft muddy
bottoms can cause substantial attenuation in the offshore delta regions of the Mississippi and
Atchafalaya Rivers.

Sheremet and Stone (2003a, 2003b)

The authors present concurrent measurements of wave height, wave period, wind speed, and
wind direction at two sites 100 km apart in the Gulf of Mexico offshore Louisiana. Bottom
sediments at one site (CSI 3) are cohesive and at the other sandy (CSI 5); both sites are located in
about 5 m water depths and exposed to similar atmospheric and fetch conditions.
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The analyses show that wave heights at CSI 3 were strongly damped relative to those at CSI 5;
the damping was especially high for larger wave heights. They also tracked the evolution of
wave energy with the passage of a storm whose wind speeds monotonically increased to a
maximum and then decreased rapidly. Swell energy increased monotonically to a maximum and
then decreased monotonically at both stations; however, the energy level at CSI 3 was much
lower than that at CSI 5. Sea energy increased non-uniformly to a maximum at both locations
and then attenuated rapidly; though this phenomena seemed to appear at both stations, the
attenuation rate was higher for CSI 3. Thus, at the muddy location, seas rapidly dissipated after
the wind forcing ceased.
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Native Pacific cordgrass meadow at Blackie's Pasture,
Marin County.

A tall stand of Atlantic smooth cordgrass hybrids invading a native pacific cordgrass meadow near Tiburon,
Marin County.

Source: CSCC, 2003
Figure 21. Cordgrass Species.
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WAVE HEIGHT ATTENUATION CURVE
For Corte Madera Bay
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Source: PWA (1995)
Figure 22. Wave height attenuation curve for Corte Madera Bay. CA.

Sheremet and Stone also 