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Preface
The Department of Homeland Security (DHS), Federal Emergency Management Agency’s (FEMA) Risk
Mapping, Assessment, and Planning (Risk MAP) program provides states, tribes, and local communities
with flood risk information and tools that they can use to increase their resilience to flooding and better
protect their citizens. By pairing accurate floodplain maps with risk assessment tools and planning and
outreach support, Risk MAP has transformed traditional flood mapping efforts into an integrated
process of identifying, assessing, communicating, planning for, and mitigating flood-related risks.
This Resilience Report provides information to help local or tribal officials, floodplain managers,
planners, emergency managers, and others better understand their risk, take steps to mitigate those
risks, and communicate those risks to their citizens and local businesses.
This Resilience Report is intended to provide the community a reference for management and
mitigation of flood and other risks. This report is supplemented by a Resilience Map and other
regulatory products.
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1. Introduction
1.1

Flooding is a natural part of our
world and our communities.
Flooding becomes a significant
hazard, however, when it
intersects with the built
environment.

Which picture below shows
more flood risk?

About Flood Risk

Floods are naturally occurring phenomena that can and do happen almost
anywhere. In its most basic form, a flood is an accumulation of water over
normally dry areas. Floods become hazardous to people and property when
they inundate an area where development has occurred, causing losses. Mild
flood losses may have little impact on people or property, such as damage to
landscaping or the generation of unwanted debris. Severe flooding can destroy
buildings, ruin crops, and cause critical injuries or death.
Calculating Flood Risk
It is not enough to simply identify where flooding may occur. Just because one
knows where a flood occurs does not mean they know the risk of flooding. The
most common method for determining flood risk, also referred to as
vulnerability, is to identify the probability of flooding and the consequences of
flooding. In other words:
Flood Risk (or Vulnerability) = Probability x Consequences; where
Probability = the likelihood of occurrence
Consequences = the estimated impacts associated with the occurrence
The probability of a flood is the likelihood that a flood will occur. The
probability of flooding can change based on physical, environmental, and/or
engineering factors. Factors affecting the probability that a flood will impact an
area range from changing weather patterns to the existence of mitigation
projects. The ability to assess the probability of a flood and the level of accuracy
for that assessment are also influenced by modeling methodology
advancements, better knowledge, and longer periods of record for the water
body in question.

Even if you assume that the flood in
both pictures was the same
probability—let’s say a 10-percentannual-chance flood—the
consequences in terms of property
damage and potential injury as a
result of the flood in the bottom
picture are much more severe.
Therefore, the flood risk in the area
shown in the bottom picture is
higher.

The consequences of a flood are the estimated impacts associated with the
flood occurrence. Consequences relate to humans activities within an area and
how a flood impacts the natural and built environments.

1.2

Uses of this Report

The goal of this report is to help inform and enable communities and tribes to
take action to reduce flood risk. Possible users of this report include:
•
•
•

Local elected officials
Floodplain managers
Community planners
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•
•
•

Emergency managers
Public works officials
Other special interests (e.g., watershed conservation groups,
environmental awareness organizations, etc.)

State, local, and tribal officials can use the summary information provided in this
report to:
•

Update local hazard mitigation plans. As required by the 2000 Federal
Stafford Act, local hazard mitigation plans must be updated at least
every five years. Summary information presented in Section 7 of this
report can be used to identify areas that may need additional focus
when updating the risk assessment section of a local hazard mitigation
plan. Information found in Section 6 pertains to the different mitigation
techniques and programs and can be used to inform decisions related to
the mitigation strategy of local plans.

•

Update community comprehensive plans. Planners can use flood risk
information in the development and/or update of comprehensive plans,
future land use maps, and zoning regulations. For example, zoning
codes may be changed to better provide for appropriate land uses in
high-hazard areas.

•

Update emergency operations and response plans. Emergency
managers can identify low-risk areas for potential evacuation and
sheltering and can help first responders avoid areas of high-depth flood
water. Risk assessment results may reveal vulnerable areas, facilities,
and infrastructure for which planning for continuity of operations plans
(COOP), continuity of government (COG) plans, and emergency
operations plans (EOP) would be essential.

•

Develop hazard mitigation projects. Local officials (e.g., planners and
public works officials) can use flood risk information to re-evaluate and
prioritize mitigation actions in local hazard mitigation plans.

•

Communicate flood risk. Local officials can use the information in this
report to communicate with property owners, business owners, and
other citizens about flood risks, changes since the last FIRM, and areas
of mitigation interest. The report layout allows community information
to be extracted in a fact sheet format (see Section 7 for information
about each community).

•

Inform the modification of development standards. Floodplain
managers, planners, and public works officials can use information in
this report to support the adjustment of development standards for
certain locations. For example, heavily developed areas tend to increase
floodwater runoff because paved surfaces cannot absorb water,

Whether or not an area might
flood is one consideration. The
extent to which it might flood adds
a necessary dimension to that
understanding.

Vulnerability of infrastructure is
another important consideration.

Flooding along the Wabash River
in Clark County, Illinois,
contributed to a federal disaster
declaration on June 24, 2008.
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indicating a need to adopt or revise standards that provide for
appropriate stormwater retention.

1.3

Related Resources

For a more comprehensive picture of a community’s flood risk, FEMA
recommends that state and local officials use the information provided in this
report in conjunction with other sources of flood risk data, such as those listed
below.

Examples of how FEMA data
can be leveraged to identify and
measure vulnerability.

•

FIRM and FIS. The informationin these regulatory products indicate
areas with specific flood hazards by identifying the limit and extent of
the 1-percent-annual-chance floodplain and the 0.2-percent-annualchance floodplain. Flood Insurance Rate Maps (FIRMs) and Flood
Insurance Studies (FISs) do not identify all floodplains in a flood risk
project. The FIS includes summary information regarding other
frequencies of flooding, as well as flood profiles for riverine sources of
flooding. In rural areas and areas for which flood hazard data are not
available, the 1-percent-annual-chance floodplain may not be identified.
In addition, the 1-percent-annual-chance floodplain may not be
identified for flooding sources with very small drainage areas (less than
1 square mile).

•

Flood or multi-hazard mitigation plans. Local hazard mitigation plans
include risk assessments that contain flood risk information and
mitigation strategies that identify community priorities and actions to
reduce flood risk. This report was informed by existing mitigation plans.

•

Other risk assessment reports. Hazus, a free risk assessment software
application from FEMA, is the most widely used flood risk assessment
tool available. Hazus can run different scenario floods (riverine and
coastal) to determine how much damage might occur as a result. Hazus
can also be used by community officials to evaluate flood damage that
can occur based on new/proposed mitigation projects or future
development patterns and practices. Hazus can also run specialized risk
assessments, such as what happens when a dam or levee fails. Flood
risk assessment tools are available through other agencies as well,
including the National Oceanic and Atmospheric Administration (NOAA)
and the U.S. Army Corps of Engineers (USACE). Other existing watershed
reports may have a different focus, such as water quality, but may also
contain flood risk and risk assessment information. See Section 9 for
additional resources.
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2. Risk Analysis
2.1

Overview

Flood hazard identification uses FIRMs and FISs to identify where flooding can
occur along with the probability and depth of that flooding. Flood risk
assessment is the systematic approach to identifying how flooding impacts the
environment. In hazard mitigation planning, flood risk assessments serve as the
basis for mitigation strategies and actions by defining the hazard and enabling
informed decision making. Fully assessing flood risk requires the following:

Flooding impacts non-populated
areas too, such as agricultural
lands and wildlife habitats.

Identifying the flooding source and determining the flood hazard
occurrence probability

•

Developing a complete profile of the flood hazard including historical
occurrence and previous impacts

•

Inventorying assets located in the identified flood hazard area

•

Estimating potential future flood losses caused by exposure to the flood
hazard area

Flood risk analyses are different methods used in flood risk assessment to help
quantify and communicate flood risk. Flood risk analysis can be performed on a
large scale (state, community) level and on a very small scale (parcel, census
block). Advantages of large-scale flood risk analysis, especially at the watershed
level, include identifying how actions and development in one community can
affect areas up- and downstream. On the parcel or census block level, flood risk
analysis can provide actionable data to individual property owners so they can
take appropriate mitigation steps.

2.2

For more information about
Hazus and data inputs, visit
http://www.fema.gov/plan/preve
nt/hazus/index.shtm or enter
keywords “fema hazus” into an
internet search engine.

•

Hazus and the Resilience

There are a variety of methods for estimating flood loss. FEMA’s methodology
for estimating loss uses the risk assessment tool, Hazus. Originally developed for
earthquake risk assessment, Hazus has evolved into a multi-hazard tool
developed and distributed by FEMA that can provide risk assessment
information for floods, earthquakes, and hurricane winds. Hazus is a nationally
accepted, consistent flood risk assessment tool to assist individuals and
communities to create a more accurate picture of flood risk. Organizations can
improve the results of Hazus analysis through input of local GIS data layers.
FEMA performed a Hazus Average Annualized Flood Loss (AAL) analysis for the
nation. This initial national flood loss analysis covers the continental United
States, covering 48 states and the District of Columbia. The summary results of
the total annualized flood losses were released for each county at the census
block level. Additionally, a Refined Analysis was run by the WIDNR for this
project using depth grids from the five different storm return period losses,
which were then used to calculate the AAL. The summary results of the total
annualized flood losses were released for use in the Resilience meetings. This
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Composite data of FEMA’s initial AAL analysis, in conjunction of the Refined
Analysis, is used to show relative flood losses by Census Block. The Hazus
analysis uses an area weighted method that averages values of the census
block evenly across the area of the block. This can at times incorrectly represent
the losses if the structures are not evenly located across the census block.
Therefore, the AAL data should be used as an initial indicator for possible risk.
Communities are encouraged to perform more detailed level Hazus analysis by
using their building information and updated floodplain information.
A starting point for the Resilience Map is the Composite AAL Hazus data,
showing where flood risk varies by geographic location. For emergency
management, this map is a tool that can help identify losses based on predicted
events so that resources can be assigned accordingly. Loss information can
support floodplain management efforts, providing scientific support for higher
regulatory standards. Awareness of exposed essential facilities and
infrastructure can help local planners to identify mitigation actions that could
protect citizens from service disruption in disaster events.
Sample Hazus Map

2.3

Loss Estimation Information

Loss estimate methodologies using the best available data will result in an
approximation of risk. Such estimates should be used to understand relative risk
from flood and potential losses. Uncertainties are inherent in any loss
estimation methodology, arising in part from approximations and simplifications
that are necessary for a comprehensive analysis (e.g., incomplete inventories,
demographics, or economic parameters).
Flood loss estimates may result in useful information about :
•

Residential Asset Loss includes direct building losses (estimated costs to
repair or replace the damage caused to the building) for all classes of
residential structures including single family, multi-family, manufactured
housing, group housing, and nursing homes; as well as content losses.

•

Commercial Asset Loss includes direct building losses for all classes of
commercial buildings including retail, wholesale, repair, professional
services, banks, hospitals, entertainment, and parking facilities. This also
includes content and inventory losses.

•

Other Asset Loss includes losses for facilities categorized as industrial,
agricultural, religious, government, and educational. This also includes
content and inventory losses.

•

Essential Facility Losses considers facilities which provide services to
the community and should be functional after a flood, including schools,
police stations, fire stations, medical facilities, and emergency operation
centers. These facilities are typically considered critical facilities for
mitigation planning purposes.

•

Infrastructure. For analysis of infrastructure, consider transportation
systems and lifeline utility systems. Transportation systems include
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highways, railways, light railways, busses, ports and harbors, ferries, and
airport systems. Utility systems include potable water systems,
wastewater, oil, natural gas, electric power, and communication
systems.
•

Business Disruption includes the losses associated with the inability to
operate a business due to the damage sustained during the flood.
Losses include inventory, income, rental income, wage, and direct
output losses, as well as relocation costs.

•

Annualized Losses can be calculated by taking losses from multiple
events over different frequencies and expressing the long-term average
by year. This factors in historic patterns of frequent smaller floods with
infrequent but larger events to provide a balanced presentation of flood
damage.
Loss Ratio. A loss ratio expresses the scenario losses divided by the total
building value for a local jurisdiction and can be a gage to determine
overall community resilience as a result of a scenario event. For
example, a loss ratio of 5 percent for a given scenario would indicate
that a local jurisdiction would be more resilient and recover more easily
from a given event, versus a loss ratio of 75 percent which would
indicate widespread losses. An annualized loss ratio uses the annualized
loss data as a basis for computing the ratio. Loss ratios are not
computed for business disruption.

•

Hazus Flood Risk Value. On the Resilience Map, flood risk is expressed in the
following five categories for census blocks that have flood risk: very low, low,
medium, high, and very high. It is based on the 1-percent-annual-chance total
asset loss by census block.

3. Upper Fox River Watershed Resilience Meeting
3.1 Community Resilience
Resilience is the ability to recover from or adjust easily to misfortune. In this
case, resilience is how quickly or easily your community can return to normal
after a flood event.
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3.2 Resilience Meeting
The planning, data delivery, and development of the Resilience Meeting was a
collaborative effort between FEMA and the following partners: the Wisconsin
Department of Natural Resources (WIDNR) and Wisconsin Emergency
Management (WEM). Prior to the meeting, the Planning team collaborated to
establish project specific priorities, identify unique issues, determine data
availability and requirements, document each community’s flood history, and
review Multi-Hazard Mitigation Plans for status, expiration, and specifically
identified mitigation actions. The Planning team also developed an invitation
list consisting of state, county and community stakeholders.

3.2.1 Overview
The objective of the Resilience Meeting is to increase the understanding and
awareness in communities of their flood risk by discussing local flood-related
issues, identifying potential strategies or actions to reduce flood risk, and
providing communities with information regarding potential resources or
programs designed to support the mitigation of flood risk. By participating in
the Resilience Meeting communities are able to identify actions to reduce their
constituents’ vulnerability to flood-related issues. The aim of the Resilience
Meeting is to encourage communities to take the lead in protecting their
constituents through mitigation activities.
Some examples of possible topics of discussion during the meeting include:
•
•
•
•
•
•
•
•

Developing or enhancing a hazard mitigation plan;
Local efforts taken on to document flood and/or other hazards;
Possible mitigation activities and actions;
Mitigation grants to support mitigation activities;
Understanding their flood risk;
Reducing flood risk;
Discussing available resources;
Communication about flood risk and the next steps.

Prior to the Resilience Meeting, Hazard Mitigation Plans and a variety of data
layers were examined to gain an understanding of the hazards in each
community. All seven counties (Columbia, Crawford, Dane, Grant, Iowa,
Richland and Sauk) have current Hazard Mitigation Plans.
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Resilience Map Data

Data Types

Source

Base Map

WIDNR

Hydrography

WIDNR

Transportation

WIDNR

Community Data

WIDNR

Census blocks

2010 Census Data from HAZUS

Changes Since Last Firm (CSLF)

Draft Floodplain, Effective
FIRMs

LOMCs (LOMAs, LOMR-Fs)

WIDNR

Hazus – Composite AAL

WIDNR & FEMA

Coordinated Needs
Management Strategy (CNMS)

FEMA

Critical Facilities

WIDNR

Dams

WIDNR

Areas of Mitigation Interest

Community-identified in plans, by
regional engingineers or meeting

The data layers referenced above were used to produce a Resilience Map, which presents a general overview of
features related to hazards and hazard mitigation in the Upper Fox River Watershed. The map was presented at
the March 6, 2014 Resilience Meeting to engage participating stakeholders in discussion about solutions to the
hazards in their communities. The map is shown on the following page of this report.
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3.2.2 Meeting Location Information
The resiliency meeting was held for the Upper Fox River Watershed on May 18, 2016 in Waukesha, Wisconsin.
The meeting was coordinated with a Flood Risk Review meeting in the morning.
Upper Fox Watershed Resilience Meeting
1:00pm – 3:30pm
Southeastern Wisconsin Regional Planning Commission
Lower Level Conference Room
W239 N1812 Rockwood Drive
Waukesha, WI 53187

The participants discussed local flood-related issues, identified potential strategies or actions to reduce flood
risk, and obtained information regarding potential resources or programs designed to support communities in
the mitigation of flood risk. The table below lists the meeting participants.

3.2.3 Meeting Attendees
Affiliation

Title

First Name

Last Name

FEMA

Risk Analysis

Tom

Smith

Illinois Water Survey

Engineering Assistant

Mary

Richardson

Illinois Water Survey

GIS Specialist

Sam

Chakravorty

Illinois Water Survey

Hydrogeologist

Jason

Zhang

Kenosha County

Director of Planning
and Development

Andy M.

Buehler

Menomonee Falls,
Village of

Planning and Zoning
Specialist

Jane

Kolberg

Menomonee Falls,
Village of

Director of
Community
Development

Matt

Carran

New Berlin, City of

Stormwater-Water
Resources

Nicole

Hewitt

Pewaukee, City of

Civil Engineer

Rich

Wirtz

Waukesha County

Emergency
Management Planner

Gail

Goodchild

Waukesha County

Senior Land Use
Specialist

Ben

Greenberg

SEWRPC

Chief Environmental
Engineer

Laura

Kletti
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Waterford, Village of

Director of Public
Works

Jeff

Dolezal

WDNR

GIS Specialist

Betsy

Finlay

WDNR

Section Chief, Dam
and Floodplain

Meg

Galloway

WDNR

Floodplain Engineer

Chad

Heimerl

WDNR

Regional Engineer

Tanya

Lourigan

WDNR

Lead Floodplain
Engineer

Chris

Olds

WDNR

NFIP Coordinator

Michelle

Staff

WDNR

Project Lead

Fritz

Statz

WDNR

GIS Specialist

Emily

Szajna

WDNR

Regional Engineer

Nathan

Zoch

WEM

Disaster
Response/Recovery
Planner

Chad

Atkinson

WEM

Mitigation Section
Supervisor

Roxanne

Gray

WEM

State Mitigation
Officer

Katie

Sommers

3.2.4 Meeting Highlights
Attendees were asked to sign up upon entry to the meeting. Several hand outs were also available, such as the
HAZUS and Risk Map FAQ sheets, Action Tracker, useful internet links and Project Schedules. Attendees were
informed that a follow up email was going to be sent with more information on resources and receiving the Risk
MAP flood risk products. They were instructed to take a flash drive on their way out that had been loaded with
all of the non regulatory products.
Introduction and Project Status
Fritz Statz started the presentation by introducing colleagues in the DNR and WEM. She then went on to
provided a quick summary of the projects. Hand-outs were available for more detailed information on
scheduling for each community.
Meeting Objectives
The opening presenter discussed the meeting objectives, which were:
• To clarify the extent and types of local flood risk
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• Show the tools available through RiskMAP
• To discuss strategies to reduce that risk and improve local resilience to floods
• To provide information about the resources available to help implement those strategies
• To relay the importance of and opportunities for communicating about flood risk
Risk MAP Products
Since one of the main focuses of this Resilience Meeting was to discuss levels or risk and how to use the NonRegulatory Rpoducts as tools to communicate risk, Statz discussed what the Non-Regulatory products are and
went over some suggestions for how they can be used by the local officials. These products are the Flood Risk
Map, Flood Risk Report, the flood risk geodatabase, Changes Since Last FIRM, depth grids, analysis grids and
HAZUS results. We want to switch the discussion from whether someone is in or out of the floodplain to what
level of risk an area has and how that can be measured – by monetary loss to depth of flooding. As always, it
was emphasized that just because someone is outside the mapped floodplain a risk always remains.
Examples were used to discuss how the tools using the financial impacts could best be used for targeting areas
for mitigation. Statz presented on Average Annualized Loss (AAL) and then showed examples of the 10% chance
risk, 4% chance risk, 2% chance risk, 1% chance risk and 0.2% chance risk. Statz showed how using the Hazus
data in conjuction with the depth grids can be a useful tool to identify areas of mitigation interest. She explained
how the Hazus data is presented in the Flood Risk Report in table format, as well as in the Flood Risk Database.
Chris Olds highlighted a mitigation best practice we recently encountered. He presented an area community that
FEMA products showed would have flooding. Previously, this area had not been mapped on FEMA’s digital flood
insurance rate maps, but with the recent watershed update, it now was. Flooding had previously been
documented in the community by local officials. Chris explained how the community mitigated the problem to
reduce flooding in the neighborhood.
Mitigation Action Forms were emailed out to all invitees prior to the Resilience Meeting. Chris explained why
this form was necessary, and encouraged attendees to complete the form and turn it in the WIDNR. WIDNR will
input the data into FEMA’s Mitigation Action Tracker and share this information with Wisconsin Emergency
Management. Wisconsin Emergency Management staff will make sure that county officials know of
eachpotential mitigation action project within the county and add it to their mitigation plan if needed. The
Mitigation Forms gathered at the meeting are attached in the Appendix.
Roxanne Gray, of Wisconsin Emergency Management, went on to present about mitigation. Topics discussed
were various strategies to reduce flood risk, including prevention, property protection, public education and
awareness, natural resource protection, emergency services protection, and structural projects. Also provided
was an overview of FEMA mitigation programs and assistance, as well as additional resources that are available
to help communities reduce their flood risk, including FEMA grants, HUD and other Federal agency grants, online
resources, and technical assistance from Federal agencies and professional associations.
Chris Olds presented the section about communication of flood risk. He discussed the resources that can be
used, how best to target your audience and where efforts need to go next in the project. He discussed how flood
risk awareness leads to action, increases community resilience, and builds support for implementing a local
mitigation plan. He explained that residents look to their local officials, the media, and mailings for information
about flood risk, even while local officials rely on FEMA to educate a community’s residents. To address this, as
part of Risk MAP, FEMA is creating additional support and resources for floodplain administrators and other
community representatives that will allow them to more easily provide information about map updates and
changes, as well as related flood risk education.
Discussion
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After the formal presentation, all of the staff remained to answer any questions or discuss any topics attendees
had. This was also a very good time for the attendees themselves to discuss their own best practices or get
direct information from others who have worked through mitigation projects. Most people seemed excited to
look at the data and then follow up with DNR staff at a later time. Attendess also expressed interest in filling out
the Mitigiation Action Tracker form with their mitigation ideas. There is a strong desire from these communities
to mitigate in advance of flooding and are hopeful to receive grant funding in order to implement some of their
ideas.

4. Identifying Areas of Mitigation Interest (AOMIs)
Many factors contribute to flooding and flood losses; some are natural and
some are not. In response to these risks, there has been a focus by the federal
government, state agencies, and local jurisdictions to mitigate properties
against the impacts of flood hazards so that future losses and impacts can be
reduced. AOMIs are important to defining a more comprehensive picture of
flood risk and mitigation activity in a watershed, identifying target areas and
potential projects for flood hazard mitigation, encouraging local collaboration,
and communicating how various mitigation activities can successfully reduce
flood risk.
The Resilience Report and Resilience Map focus on identifying AOMIs that may
be contributing (positively or negatively) to flooding and flood losses in the
flood risk project. AOMIs are identified through revised hydrologic and hydraulic
and/or coastal analyses, other studies, or previous flood studies; community
supplied data from mitigation plans, floodplain management plans, and local
surveys; and the mining of federal government databases (e.g., flood claims,
disaster grants, and data from other agencies). Below is a list of the types of
AoMIs that may be located in the project area.
Dams vary in size and shape, the
amount of water they impound,
and their assigned hazard
classification.

Dams
A dam is a barrier built across a waterway for impounding water. Dams vary
from impoundments that are hundreds of feet tall and contain thousands of
acre-feet of water (e.g. Hoover Dam) to small dams that are a few feet high and
contain only a few acre-feet of water (e.g. small residential pond). “Dry dams,”
which are designed to contain water only during floods and do not impound
water except for the purposes of flood control, include otherwise dry land
behind the dam.
While most modern, large dams are highly engineered structures with
components such as impervious cores and emergency spillways, most smaller
and older dams are not. State dam safety programs emerged in the 1960s, and
the first Federal Guidelines for Dam Safety were not prepared until 1979. By this
time, the vast majority of dams in the United States had already been
constructed.
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This dam failure caused flooding
that damaged several homes
and vehicles.

Why is a dam an AoMI?
•

Many older dams were not built to any particular standard and thus
may not withstand extreme rainfall events. Older dams in some parts of
the country were made out of an assortment of materials. These
structures may not have any capacity to release water and could be
overtopped, which could result in catastrophic failure.

•

Even dams that follow current dam safety programs may not be
regulated, as downstream risk may have changed since the dam was
constructed. Years after a dam is built, a house, subdivision, or other
development may be constructed in the area downstream of the dam.
Thus, a subsequent dam failure could result in damage. Since these
dams are not regulated, it is impossible to predict how safe they are.

•

A significant dam failure risk is structural deficiencies associated with
older dams that are not being adequately addressed today through
needed inspection/maintenance practices.

•

For larger dams that were constructed in the past, a flood easement
may have been obtained on a property; however, since that time the
construction of buildings, though not allowed, was completed anyway.
These buildings were usually constructed in violation of the flood
easement.

•

When a new dam is constructed, the placement of such a large volume
of material in a floodplain area (if that is the dam location) will displace
flood waters and can alter how the watercourse flows. This can result in
flooding upstream, downstream, or both.

•

For many dams, the dam failure inundation zone is not known. This is
the area that would be flooded if the dam failed and the impoundment
behind the dam drained. Not having knowledge of these risk areas could
lead to unprotected development in these zones. Also, larger federal
dams that do have inundation mapping are frequently restricted to “For
Official Use Only” and are not made available to the public due to
terrorism concerns.

Levees and Significant Levee-Like Structures (Embankments)
For more information about the
risks associated with living behind
levees, consult the publication “So
You Live Behind a Levee!”
published by the American Society
of Civil Engineers at
http://content.asce.org/ASCELevee
Guide.html

FEMA defines a levee as “a man-made structure, usually an earthen
embankment, designed and constructed in accordance with sound engineering
practices to contain, control, or divert the flow of water so as to provide
protection from temporary flooding.” Levees are sometimes referred to as
dikes. Soil used to construct a levee is compacted to make the levee as strong
and stable as possible. To protect against erosion and scouring, levees can be
covered with everything from grass and gravel to harder surfaces like stone
(riprap), asphalt, or concrete.
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Similar to dams, levees have not been regulated in terms of safety and design
standards until relatively recently. Many older levees were constructed in a
variety of ways, from a farmer piling dirt along a stream to prevent nuisance
flooding to levees made out of old mining spoil material. As engineered
structures, levees are designed to a certain height and can fail if a flood event is
greater than anticipated.
A floodwall is a vertical wall that is built to provide protection from a flood in a
similar manner as a levee. Typically made of concrete or steel, floodwalls often
are erected in urban locations where there is not enough room for a levee.
Floodwalls are sometimes constructed on a levee crown to increase the levee’s
height.
Most new dams and levees are engineered to a certain design standard. If that
design is exceeded, they could be overtopped and fail catastrophically, causing
more damage than if the levee was not there in the first place. Few levees
anywhere in the nation are built to more than a 1-percent-annual-chance flood
protection rating, and the areas behind them are still at some risk for flooding.
This threat is called residual risk. In some states, residual risk areas can extend
up to 15 miles from a riverbank. Although the probability of flooding may be
lower because a levee exists, risk is nonetheless still present. The American
Society of Civil Engineers’ publication “So You Live Behind a Levee!” provides an
in-depth explanation of levee and residual risk.
Major embankments, on the other hand, are rarely designed with any flood
protection level in mind. Railroads, road abutments, and canals—especially in
the Western United States—are not considered levees or dams and have issues
such as unknown construction materials/methods. These embankments are not
regulated from a flood risk standpoint.
How can levees and major embankments contribute to flooding and flood
losses?

Canal levee breaches as a result
of Hurricane Katrina in New
Orleans in 2005. Note damages
can be more extensive due to
high velocity flood flows than if the
levee was not there.

•

Like dams, many levees in the United States were constructed using
unknown techniques and materials. These levees have a higher failure
rate than those that have been designed to today’s standards.

•

A levee might not provide the flood risk reduction it once did as a result
of flood risk changes over time. Flood risk can change due to a number
of factors, including increased flood levels due to climate change or
better estimates of flooding, development in the watershed increasing
flood levels and settlement of the levee or floodwall, and sedimentation
in the levee channel. Increased flood levels mean decreased flood
protection. The lack of adequate maintenance over time will also reduce
the capability of a levee to contain the flood levels for which it was
originally designed.
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•

Given enough time, any levee will eventually be overtopped or
damaged by a flood that exceeds the levee’s capacity. Still, a
widespread public perception of levees is that they will always provide
protection. This perception may lead to not taking mitigation actions
such as purchasing flood insurance.

•

A levee is a system that can fail due to its weakest point, and therefore
maintenance is critical. Many levees in the United States are poorly
maintained or not maintained at all. Maintenance also includes
maintaining the drainage systems behind the levees so they can keep
the protected area dry.

Stream Flow Pinch Points
A flow pinch point occurs when a human-made structure, such as a culvert or
bridge, constricts the flow of a river or stream. The results of this constriction
can be increased damage potential to the structure, an increase in velocity of
flow through the structure, and the creation of significant ponding or backwater
upstream of the structure. Regulatory standards regarding the proper opening
size for a structure spanning a river or stream are not consistent and may be
non-existent. Some local regulations require structures to pass a volume of
water that corresponds to a certain size rain event; however, under sizing, these
openings can result in flood damage to the structure itself. After a large flood
event, it is not uncommon to have numerous bridges and culverts “washed
out.”
If the pinch point is a bridge or
culvert, it can get washed out causing
an area to become isolated and
potentially more difficult to evacuate.

How can stream flow pinch points contribute to flooding and flood losses?
•

Flow pinch points can back water up on property upstream of the
structure if not designed properly.

•

These structures can accelerate the flow through the structure causing
downstream erosion if not properly mitigated. This erosion can affect
the structure itself, causing undermining and failure.

•

If the pinch point is a bridge or culvert, it can get washed out causing an
area to become isolated and potentially more difficult to evacuate.

•

Washed-out culverts and associated debris can wash downstream and
cause the next pinch point to fail.

High-Risk Essential Facilities

When a facility such as a hospital
is flooded, it can result in a
significant hardship on the
community.

Essential facilities, sometimes called “critical facilities,” are those whose
impairment during a flood could cause significant problems to individuals or
communities. For example, when a community’s wastewater treatment is
flooded and shut down, not only do contaminants escape and flow into the
floodwaters, but backflows of sewage can contaminate basements or other
areas of the community. Similarly, when a facility such as a hospital is flooded, it
Upper Fox Watershed, Wisconsin, Resilience Report
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can result in a significant hardship on the community not only during the event
but long afterwards as well.
How can high-risk essential facilities contribute to flooding and flood losses?
•
•
•

Costly and specialized equipment may be damaged and need to be
replaced.
Impairments to facilities such as fire stations may result in lengthy
delays in responding and a focus on evacuating the facility itself.
Critical records and information stored at these facilities may be lost.

Past Flood Insurance Claims and Individual Assistance/Public Assistance
Hotspots
Assistance provided after flood events (flood insurance in any event and
Individual Assistance [IA] or Public Assistance [PA] after declared disasters)
occurs in flood affected areas. Understanding geographically where this
assistance is being provided may indicate unique flood problems.

Clusters of past flood insurance
claims can show where there is a
repetitive flood problem.

Flood insurance claims are not always equally distributed in a community.
Although estimates indicate that 20 to 50 percent of structures in identified
flood hazard areas have flood insurance, clusters of past claims may indicate
where there is a flood problem. However, clusters of past claims and/or areas
where there are high payments under FEMA’s IA or PA Programs may indicate
areas of significant flood hazard.
Why are past claim hot spots AOMIs?
•

A past claim hotspot may reflect an area of recent construction (large
numbers of flood insurance policies as a result of a large number of
mortgages) and an area where the as-built construction is not in
accordance with local floodplain management regulations.

•

Sometimes clusters of past claims occur in subdivisions that were
constructed before flood protection standards were in place, places
with inadequate stormwater management systems, or in areas that may
not have been identified as SFHAs.

•

Clusters of IA or PA claims may indicate areas where high flood
insurance coverage or other mitigation actions are needed.

Significant Land Use Changes
Recent or proposed development in SFHAs must be carefully evaluated to
ensure that no adverse impacts occur as a result. Development, whether it is a
100-lot subdivision or a single lot big box commercial outlet, can result in large
amounts of fill and other material being deposited in flood storage areas.
Development in flood hazard areas is only protected to a certain standard;
Upper Fox Watershed, Wisconsin, Resilience Report
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floods that exceed those standards will damage the developed areas.
Development also includes all necessary infrastructure and services to maintain
that development over time.

Rooftops, pavements, patios,
and driveways contribute to the
impervious area in a watershed.

One of the factors that contributes to flooding in a watershed is the amount of
ground that is available to absorb water. When development occurs, hard
surfaces such as rooftops, pavements, patios, and driveways do not allow water
to absorb into the ground, and more of the rainwater becomes runoff flowing
directly into streams and drainage ways. As a result, the “peak flow” in a stream
or drainage way after a storm event will be higher and occur faster. Without
careful planning, major land use changes can affect the impervious area of a site
and result in a significant increase in flood risk.
Sometimes a major land use change may be for planning purposes only. For
example, a land use change that rezones land from a classification such as
floodplain that restricts development to a zone such as industrial or high density
residential could result in significant new infrastructure and structures in high
flood risk areas.
How can past or planned major land use changes in SFHAs contribute to
flooding and flood losses?
•
•
•

Development in areas mapped SFHA reduces flood storage areas, which
can make flooding worse at the development site and downstream of it.
Impervious surfaces speed up the water flowing in the streams, which
can increase erosion and the danger that fast-flowing floodwaters pose
to people and buildings.
Rezoning flood-prone areas to high densities and/or higher intensity
uses can result in more people and property at risk of flooding and flood
damage.

Key Emergency Routes Overtopped During Frequent Flooding Events
Roads are not always designed to flood protection levels. In fact, many major
roadways including interstate highways, U.S. highways, and state routes are
chronically flooded. When an alternative route is available, inconvenience is
avoided and minor losses result. However, when no or lengthy alternate routes
are available, when the road being overtopped conveys more traffic than
alternate routes, or there is a large economic driver (i.e., industrial park),
overtopping can result in significant economic losses as well as impact public
safety.
Why are overtopped roads AoMIs?
•
When large highways close due to
flooding, traffic is detoured causing
inconvenience and economic loss.

Such areas, when identified, can be accounted for and incorporated into
evacuation and other operational plans.
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•

Overtopped roads can sometimes be elevated or reinforced to reduce
the overtopping.

Drainage or Stormwater-Based Flood Hazard Areas, or Areas Not Identified as
Floodprone on the FIRM But Known to Be Inundated
Flood hazard areas exist everywhere. While FEMA maps many of these, others
are not identified. Many of these areas may be located in communities with
existing, older, and often inadequate stormwater management systems or in
very rural areas. Other similar areas could be a result of complex or unique
drainage characteristics. Even though they are not mapped, awareness of these
areas is important so adequate planning and mitigation actions can be
performed.
Why are drainage or stormwater-based flood hazard areas or unidentified
floodprone locations AoMIs?
Before Mitigation and After Mitigation

•
•

So further investigation of such areas can occur and, based on scientific
data, appropriate mitigation actions can result (i.e., land use and
building standards).
To create viable mitigation project applications in order to reduce flood
losses.

Areas of Mitigation Success
Flood mitigation projects are powerful tools to communicate the concepts of
mitigation and result in more resilient communities. Multiple agencies have
undertaken flood hazard mitigation actions for decades. Both structural
measures—those that result in flood control structures—and non-structural
measures have been implemented in thousands of communities. An extensive
list of mitigation actions can be found in Section 4.
Why are areas of mitigation success AoMIs?

Communities will need to prioritize
projects as part of the planning
process. FEMA can then help route
federal mitigation dollars to fund these
projects.

•

Mitigation successes identify those areas within the community that
have experienced a reduction or elimination of flood risk.

•

Such areas are essential in demonstrating successful loss reduction
measures and in educating citizens and officials on available flood
hazard mitigation techniques.

•

Avoided losses can be calculated and shown.
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5. Actions to Reduce Flood Risk
5.1 The Mitigation Action Form and Action Tracker
The Mitigation Action Form and Action Tracker are new Risk MAP tools designed
to supplement existing mitigation planning processes. The Action Form, which
aligns with questions on the Action Tracker website, can be completed by
anyone that has identified a potential AOMI. Once in the Action Tracker, an
AOMI can be tracked by a variety of entities for different uses such as:
• To identify all AOMIs in a community, State, or Region,
• To document AOMIs in between mitigation plan updates,
• To track progress on mitigation activities,
• To assess the ability of the Risk MAP program to encourage
communities to take action to reduce risk.

5.2 Types of Mitigation Actions

FEMA uses the Action Form and Action
Tracker website to document and track
local mitigation needs and actions.

Mitigation provides a critical foundation on which to reduce loss of life and
property by avoiding or lessening the impact of hazard events. This creates safer
communities and facilitates resilience by enabling communities to return to
normal function as quickly as possible after a hazard event. Once local officials
understand risk from flooding and other hazards, the community is in a better
position to identify potential mitigation actions that can reduce that risk to its
people and property. FEMA mitigation plan requirements encourage
communities to understand their vulnerability to hazards and take actions to
minimize vulnerability and promote resilience.
The FEMA Mitigation Action Form requests the identification of potential
mitigation actions in the categories of Local Plans and Regulations, Community
Identified Programs, and Structure and Infrastructure Projects.
Local Plans and Regulations
• Building Codes. The use and enforcement of building codes and
development standards can ensure structures are able to withstand
flooding. Potential actions include:
o Adopt the International Building Codes.
o Adopt ASCE 24.
o Add or increase "freeboard" requirements (feet above BFE) in
flood damage ordinance.
o Extend freeboard requirement passed mapped floodplain to
include equivalent land elevation.
o Prohibit any fill within floodplain areas.
o Prohibit all first floor enclosures below BFE for all structures in
flood hazard areas.
o Use subdivision design standards to require elevation data
collection during platting and to have buildable space on lots
above the base flood elevation.
Upper Fox Watershed, Wisconsin, Resilience Report
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Consider orientation of new development during design (e.g.,
subdivisions, buildings, infrastructure, etc.).
o Set the design flood elevation at or above the historical high
water mark if it is above the mapped BFE.
o Require standard tie-downs of propone tanks.
Planning and Land Use Regulations can mitigate flooding by influencing
development. Consider updating and aligning Comprehensive and
Master Plans, as well as other local plans to ensure that risk is
considered at all levels of community planning. Strategies include:
o Develop a floodplain management plan and update it regularly.
o Adopt a post-disaster recovery ordinance based on a plan to
regulate repair activity, generally depending on property
location.
o Establish a "green infrastructure" program to link, manage, and
expand existing parks, preserves, greenways, etc.
o Determine and enforce acceptable land uses to alleviate the risk
of damage by limiting exposure in such hazard areas. Floodplain
and coastal zone management can be included in
comprehensive planning.
o Consider hazards during infrastructure planning. For example,
decisions to extend roads or utilities to an area may increase
exposure to flood hazards.
o Limit the percentage of allowable impervious surface within
developed parcels.
o Ensure the zoning ordinance encourages higher densities only
outside of known hazards areas.
o Prohibit or limit floodplain development through regulatory
and/or incentive-based measures.
o Require that floodplains be kept as open space.
o Regularly calculate/document the amount of flood-prone
property preserved as open space.
o Limit the density of developments in the floodplain.
o Pass and enforce an ordinance that regulates dumping in
streams and ditches.
o Consider obtaining easements for planned and regulated public
use of privately owned land for temporary water retention and
drainage.
o Establish setback requirements and use large setbacks near
erosion prone areas.
o Protect public and private cemeteries with grassy berms and
fences to prevent contents from floating away during flooding.
Stormwater Management. Rainwater and snowmelt can cause flooding
and erosion in developed areas. Stormwater management practices to
prevent this includes:
o Prepare and adopt a community-wide stormwater management
master plan.
o

•

missionviejodispatch.com

•
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Complete a stormwater drainage study/plan for known problem
areas.
o Use stream restoration/channelization to ensure adequate
drainage/diversion of stormwater.
o Regulate development in upland areas in order to reduce
stormwater run-off through a stormwater ordinance.
o Link flood hazard mitigation objectives with EPA Stormwater
Phase II initiatives.
o Install, re-route, or increase the capacity of a storm drainage
system.
o Increase drainage or absorption capacities with detention and
retention basins, relief drains, spillways, drain
widening/dredging or rerouting, logjam and debris removal,
extra culverts, bridge modification, dike setbacks, flood gates
and pumps, or channel redirection.
o Increase capacity of stormwater detention/retention basins.
o Increase dimensions of drainage culverts in troublesome areas.
o Design a "natural runoff" or "zero discharge" policy for
stormwater in subdivision design.
o Require more trees be preserved/planted in landscape designs
to reduce the amount of stormwater runoff.
o Require developers to plan for on-site sediment retention.
o excessive stormwater/firefighting water source.
o Encourage use of porous pavement, vegetative buffers, and
islands in large parking areas and conforming pavement to land
contours so as not to provide easier avenues for stormwater.
o Encourage the use of permeable driveways and surfaces to
reduce runoff and encourage groundwater recharge.
o Provide grassy swales along roadside.
o Adopt erosion and sedimentation control regulations for
construction and farming.
Floodplain Management. The National Flood Insurance Program (NFIP)
enables property owners in participating communities to purchase
insurance protection against flood losses. Actions to achieve eligibility in
the program, maintain compliance, and ensure a successful local
floodplain management program include:
o Participate in the National Flood Insurance Program (NFIP).
o Participate in the NFIP Community Rating System (CRS) or
increase CRS rating.
o Incorporate the ASFPM's "No Adverse Impact" policy into local
floodplain management plans/programs.
o Designate a Local Floodplain Manager/CRS Coordinator who
achieves CFM certification.
o Adopt ordinances that meet minimum Federal and state
requirements to comply with the NFIP.
o

rocklin.ca.us
.

•
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o
o
o

o
o
o
o
o
o
o
o

pbnyc.org.

Revise the floodplain ordinance to incorporate cumulative
substantial damage/improvement requirements.
Adopt a "no-rise" in BFE clause for the flood damage prevention
ordinance.
Include requirements in the local floodplain ordinance for
homeowners to sign non-conversion agreements for areas
below BFE. Revise and update regulatory floodplain maps.
Incorporate the procedures for tracking high water marks
following a flood into emergency response plans.
Complete and maintain FEMA elevation certificates for preFIRM and/or post-FIRM buildings.
Require and maintain FEMA elevation certificates for all
new/improved buildings located in floodplains.
Establish and publicize a user-friendly, publically-accessible
repository for inquirers to obtain FIRM maps.
Develop an educational flyer targeting NFIP policyholders on ICC
during post-flood damage assessments.
Annually notify the owners of repetitive loss properties of FMA
funding.
Conduct NFIP Community Workshops to provide information
and incentives for property owners to acquire flood insurance.
Consider offering Incentives for building above required
freeboard minimum (code plus).

Community Identified Program
• Develop Funding Mechanisms for Local Risk Reduction, such as:
o Use taxes to support a regulatory system.
o Use impact fees to help fund public hazard mitigation projects
related to land development (e.g., increased runoff).
o Levy taxes to finance maintenance of drainage systems or to
construct reservoirs.
• Incentives for Local Risk Reduction. Studies have shown that many
people are willing to take actions to reduce their risk IF they believe
they are actually AT risk. Improve flood awareness through outreach
activities such as:
o Encourage homeowners to purchase flood insurance.
o Annually distribute flood protection/safety
pamphlets/brochures to the owners of flood-prone property.
o Encourage homeowners to install backflow valves to prevent
reverse-flow flood damages.
o Encourage residents in flood-prone areas to consider elevating
homes.
o Encourage the public to help with debris control by securing
debris, yard items, or stored objects that may otherwise be
swept away, damaged, or pose a hazard if floodwaters would
pick them up and carry them away.
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Encourage residents to keep storm drains clear of debris during
storms (not to rely solely on Public Works).
o Educate citizens about safety during flood conditions, including
the dangers of driving on flooded roads.
o Use outreach programs to: 1) advise homeowners of risks to
life, health, and safety; 2) facilitate technical assistance
programs that address measures that citizens can take; or 3)
facilitate funding for mitigation measures.
Mitigation Program. Regular maintenance will help drainage systems
and flood control structures to continue to function properly. Some
ideas include:
o Perform regular drainage system maintenance, such as
sediment and debris clearance, as well as detection and
prevention/discouragement of discharges into
stormwater/sewer systems from home footing drains,
downspouts, or sewer pumps.
o Implement an inspection, maintenance, and enforcement
program to help ensure continued structural integrity of dams
and levees.
o Routinely clean debris from support bracing underneath lowlying bridges.
o Routinely clean and repair stormwater drains.
o Regularly clear sediment build-up on riverbanks near aerial
lines.
o Incorporate ice jam prevention techniques as appropriate
o

•

NM Energy, Minerals, and Natural Resources

Structure and Infrastructure Projects
• Structure Protection. There are many ways to protect residential and
non-residential structures from flood damage, including:
o Acquire or relocate structures and preserve lands subject to
repetitive flooding from voluntary property owners.
o Elevate structures so that the lowest floor, including the
basement, is raised above the base flood elevation. Utilities or
other mechanical devices should also be raised above expected
flood levels.
o Manufactured homes should be elevated above the base flood
elevation and anchored or, more preferably, kept out of the
floodplain.
o Relocate utilities and water heaters above BFE and consider the
use of tankless water heaters if there are space limitations.
o In a basement, wet-floodproofing may be preferable to
attempting to keep water out completely because it allows for
controlled flooding to balance exterior and interior wall forces
and discourages structural collapse. Use water resistant paints
or other materials to allow for easy cleanup after floodwater
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•

•

exposure in accessory structures or in a garage area below an
elevated residential structure.
o Encourage wet floodproofing of areas above BFE.
o Dry floodproof non-residential structures by strengthening
walls, sealing openings, or using waterproof compounds or
plastic sheeting on walls to keep water out.
Infrastructure and Critical Facility Protection. Techniques can be used
to protect infrastructure and critical facilities from flood events, such as:
o Require all critical facilities meet requirements of Executive
Order 11988 and be built 1 foot above the 500-year flood
elevation.
o Elevate roads above the base flood elevation to maintain dry
access. In situations where flood waters tend to wash roads out,
construction, reconstruction, or repair can include not only
attention to drainage, but also stabilization or armoring of
vulnerable shoulders or embankments.
o Raise low-lying bridges.
o Consider back-up generators for pumping and lift stations in
sanitary sewer systems along with other measures (e.g., alarms,
meters, remote controls, and switchgear upgrades).
o Raise electrical components of sewage lift stations above BFE.
o Install flood telemetry system in sewage lift stations.
o Floodproof sewage treatment plants located in flood hazard
areas.
o Build earthen dike around flood-threatened critical facilities.
o Install/upgrade stormwater pumping stations.
o Raise manhole openings using concrete pillars.
o Install watertight covers or inflow guards on sewer manholes.
o Depending on its infrastructure capabilities, encourage the use
of check valves, sump pumps, and backflow prevention devices
in homes and buildings.
Flood Control Structures can be built to prevent flood damage.
Examples include:
o Use structural flood control measures (e.g., levees, dams, or
floodwalls) to channel water away from people and property.
o Use minor structural projects that are smaller and more
localized (e.g., levees, floodwalls, dams) in areas that cannot be
mitigated through non-structural activities or where structural
activities are not feasible due to low densities.
o Consider dikes, levees, floodwalls, and berms to minimize the
impacts of flooding.
o Use revetments (hardened materials placed atop existing
riverbanks or slopes) to protect against floods.
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•

•

Natural Systems provide floodplain protection, riparian buffers, and
other ecosystem services that mitigate flooding. It is important to
preserve such functionality with the following:
o Use vegetative management, such as vegetative buffers, around
streams and water sources.
o Retain natural vegetative bed in stormwater channels.
o Protect/enhance landforms that serve as natural mitigation
features (i.e., riverbanks, wetlands, dunes, etc.).
o Protect and preserve wetlands to help prevent flooding in other
areas.
o Retain thick vegetative cover on public lands flanking rivers.
o Establish and manage riparian buffers along rivers and streams.
o Develop an open space acquisition, reuse, and preservation plan
targeting hazard areas.
o Develop a land banking program for the preservation of the
natural and beneficial functions of flood hazard areas.
o Compensate an owner for partial rights, such as easement or
development rights, to prevent a property from being
developed.
o Use transfer of development rights to allow a developer to
increase densities on another parcel that is not at risk in return
for keeping floodplain areas vacant.
Soil Stabilization or Erosion Control. To stabilize slopes that may be
susceptible to erosion, consider options such as:
o Prevent erosion with proper bank stabilization, sloping or
grading techniques, planting vegetation on slopes, terracing
hillsides, or installing riprap boulders or geotextile fabric.
o Plant mature trees in the coastal riparian zone to assist in
dissipation of the wind force in the breaking wave zone.
o Stabilize cliffs with terracing or plantings of grasses or other
plants to hold soil together.
o Use a hybrid of hard/soft engineering techniques (i.e., combine
low-profile rock, rubble, oyster reefs, or wood structures with
vegetative planting or other soft stabilization techniques).
o Implement marine riparian habitat reinstatement/revegetation.
o Use a rock splash pad to direct runoff and minimize the
potential for erosion.

As many mitigation actions are possible to lessen the impact of floods, how can
a community decide which ones are appropriate to implement? There are many
ways to identify specific actions most appropriate for a community. Some
factors to consider may include the following:
•

Site characteristics. Does the site present unique challenges (e.g.,
significant slopes or erosion potential)?
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Refer to FEMA Mitigation Planning
How To Guide #3 (FEMA 386-3)
“Developing the Mitigation Plan Identifying Mitigation Actions and
Implementation Strategies” for more
information on how to identify
specific mitigation actions to address
hazard risk in your community.

•

Flood characteristics. Are the flood waters affecting the site fast or slow
moving? Is there debris associated with the flow? How deep is the
flooding?

•

Social acceptance. Will the mitigation action be acceptable to the
Technical feasibility. Is the mitigation action technically feasible (e.g.,
making a building watertight to a reasonable depth)?

•

Administrative feasibility. Is there administrative capability to
implement the mitigation action?

•

Legal. Does the mitigation action meet all applicable codes, regulations,
and laws? Public officials may have a legal responsibility to act and
inform citizens if a known hazard has been identified.

•

Economic. Is the mitigation action affordable? Is it eligible under grant
or other funding programs? Can it be completed within existing
budgets?

•

Environmental. Does the mitigation action cause adverse impacts on
the environment or can they be mitigated? Is it the most appropriate
action among the possible alternatives?
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6. Hazard Mitigation Planning
Hazard mitigation is any sustained action taken to reduce or eliminate the longterm risk to human life and property from hazards. Mitigation activities may be
implemented prior to, during, or after an incident. However, it has been
demonstrated that hazard mitigation is most effective when based on an
inclusive, comprehensive, long-term plan that is developed before a disaster
occurs. Hazard mitigation planning helps communities develop strategies to
reduce their risk to natural hazard events.
Mitigation Plans form the foundation for a community's long-term strategy to
reduce disaster losses and break the cycle of disaster damage, reconstruction,
and repeated damage. The planning process is as important as the plan itself. It
creates a framework for risk-based decision making to reduce damages to lives,
property, and the economy from future disasters.

FEMA in collaboration with the
American Planning Association has
released the publication,
“Integrating Hazard Mitigation into
Local Planning.” This guide
explains how hazard mitigation can
be incorporated into several
different types of local planning
programs. For more information go
to www.planning.org. or
http://www.fema.gov/library.

6.1 Getting Started
An important first step in developing a single or multi-jurisdictional plan is to
identify and gather local resources to help plan development. There are a
variety of resources to consider.
• Technical resources include local universities, regional planning
agencies, program staff and professional associations.
• Financial resources may be available from a number of FEMA grant
programs or by splitting up the cost collaboratively amongst plan
stakeholders.
• Written resources include existing planning documents such as
Comprehensive Plans, Land Use Plans, Capital Improvement Plans,
Community Budgets, Emergency Operations Plans, Flood Insurance
Studies, Risk MAP products, Floodplain management Ordinances,
Landslide Studies, etc.
• Human resources are those dedicated and interested individuals
identified to be on the planning team.
Planning team members can come from a variety of groups, organizations or
boards, including:
• individuals such as local planning or emergency management staff,
leaders of previous hazard mitigation planning efforts, local residents,
business owners, elected officials,
• Regional, Tribal, State or Federal agencies,
• academic institutions,
• professional organizations,
• local and regional agencies involved in hazard mitigation activities,
• agencies with the authority to regulate development and neighboring
communities.

Upper Fox Watershed, Wisconsin, Resilience Report

24

6.2 Understanding Community Risk

The second step in hazard mitigation planning is to assess the local risk. Risk
assessment provides the factual basis for mitigation activities proposed in the
plan. There are four steps to perform a risk assessment:
• Hazard identification is the process of determining those hazards that
threaten a given area.
• After hazards are identified, profile the hazard to determine the impact,
extent and probability.
• Inventory of assets involves identification of critical facilities that are
vulnerable to hazards. Examples of critical facilities include essential
facilities like hospitals, schools, or police and fire stations. Other critical
facilities may include transportation systems, utility systems, high
potential loss facilities like nuclear power plants or dams, and hazardous
material facilities.
• Finally, estimate the potential losses from a natural hazard event.
The results of hazard identification include a list of all hazards that threaten the
community, a list of sources of this information (plans, reports, web sites,
articles), a list of hazards to be investigated further, and a list of hazards that
will not be considered further in the plan, including an explanation why ruled
out.

6.3 Developing the Mitigation Plan

FEMA has developed a series of
guidance on developing local
hazard mitigation plans.

The third step of mitigation planning is to develop the plan. A mitigation plan
should include mitigation goals and objectives that are long-term, measurable
and connected to potential future mitigation actions. The risk assessment
should be used to develop problem statements for each hazard that clearly
define the hazard, frequency, timing, and level of impact. An example of a
problem statement is “Tornadoes and high winds occur at least once every
three years and cause loss of life and structural damage. The high school has
been hit several times.” Develop goals based on these problem statements.
The goal for the high school could be, “Protect existing critical facilities from
tornadoes and high winds.”

6.4 Plan Adoption and Review

Individual communities are responsible for developing and adopting the hazard
mitigation plan, and then submitting the plan to the State for review. The State
Hazard Mitigation Officer (SHMO) is responsible for developing a State-wide
Plan and supporting local and Tribal efforts. The SHMO also conducts a
preliminary review of local and tribal plans, checking the plan for completeness
and for state and federal requirements. If the State does not approve the plan,
it may return it to the community rather than sending it on to FEMA.
FEMA has ten Regional Offices tasked with reviewing and approving state, Tribal
and local hazard mitigation plans. FEMA adds comments to the State’s review
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comments and reviews areas of diverging opinion with State reviewer. FEMA
ensures that comments are precise and specifies required and recommended
revisions. Then FEMA transmits findings to the local community. FEMA
Regional Offices also provide technical assistance to States and Tribes.

6.5 Implementation

Once approved by the state and FEMA, local officials commit to the mitigation
goals and actions. To begin implementation, stakeholder responsibilities should
be reviewed and clarified to confirm that individual and agencies understand
their role and responsibilities, such as:
• The planning team can oversee implementation.
• Local officials can provide direction, visibility and budget.
• State agencies can provide technical assistance and funding.
• Nonprofit and private sectors, academia and citizens can provide time,
money and knowledge.
It is important that communities publicize adoption of the plan, including that it
was approved by FEMA. Public support can be encouraged by beginning a
mitigation action immediately and publicize the initiation and progress.
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7.0

Mitigation Programs and Assistance

Not all mitigation activities require funding, and those that do are not limited to
outside funding sources. For those mitigation actions that require assistance
through funding or technical expertise, several state and federal agencies have
flood hazard mitigation grant programs and offer technical assistance. These
programs may be funded at different levels over time or may be activated under
special circumstances such as after a presidential disaster declaration.

Communities can link hazard mitigation
plans and actions to the right FEMA
grant programs to fund flood risk
reduction. More information about
FEMA HMA programs can be found at
http://www.fema.gov/government/grant/
hma/index.shtm.

FEMA awards many mitigation grants each year to states and communities to
undertake mitigation projects to prevent future loss of life and property
resulting from hazard impacts, including flooding. The FEMA Hazard Mitigation
Assistance (HMA) programs provide grants for mitigation through the programs
listed below.
FEMA Hazard Mitigation Assistance Programs
Mitigation Grant
Program

Authorization

Purpose

Hazard Mitigation
Grant Program
(HMGP)

Robert T. Stafford
Disaster Relief and
Emergency
Assistance Act

Activated after a presidential disaster declaration;
provides funds on a sliding scale formula based on
a percentage of the total federal assistance for a
disaster for long-term mitigation measures to
reduce vulnerability to natural hazards

Flood Mitigation
Assistance (FMA)

National Flood
Insurance Reform Act

Pre-Disaster
Mitigation (PDM)

Disaster Mitigation
Act

Repetitive Flood
Claims (RFC)

Bunning-BereuterBlumenauer Flood
Insurance Reform Act

Reduce flood claims against the NFIP through flood
mitigation; properties must be currently NFIP
insured and have had at least one NFIP claim

Severe Repetitive
Loss (SRL)

Bunning-BereuterBlumenauer Flood
Insurance Reform Act

Reduce or eliminate the long-term risk of flood
damage to SRL residential structures currently
insured under the NFIP

Reduce or eliminate claims against the NFIP
National competitive program focused on
mitigation project and planning activities that
address multiple natural hazards (program under
review)

The HMGP and PDM programs offer funding for mitigation planning and project
activities that address multiple natural hazard events. The FMA, RFC, and SRL
programs focus funding efforts on reducing claims against the NFIP. Funding
under the HMA programs is subject to availability of annual appropriations, and
HMGP funding is also subject to the amount of FEMA disaster recovery
assistance provided under a presidential major disaster declaration.
FEMA’s HMA grants are awarded to eligible states, tribes, and territories
(applicant) that, in turn, provide subgrants to local governments and
communities (subapplicant). The applicant selects and prioritizes
subapplications developed and submitted to them by subapplicants and submits
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them to FEMA for funding consideration. Prospective subapplicants should consult the office designated as
their applicant for further information regarding specific program and application requirements. Contact
information for the FEMA Regional Offices and State Hazard Mitigation Officers (SHMO) is available on the
FEMA website (www.fema.gov).
Individual Assistance (IA) is money or direct assistance to individuals, families and businesses in an area
whose property has been damaged or destroyed and whose losses are not covered by insurance. It is meant
to help with critical expenses that cannot be covered in other ways. This assistance is not intended to restore
a damaged property to its condition before the disaster. Assistance includes:
•

Temporary Housing can include money made available to rent a different place to live or a government
provided housing unit when rental properties are not available.

•

Repair or Replacement. Money is available to homeowners to repair damage to, or replace, a primary
residence damaged in a disaster that is not covered by insurance. The goal is to make the damaged home
safe, sanitary, and functional.

•

Permanent Housing Construction is direct assistance or money for the construction of a home. This type
of help occurs only in insular areas or remote locations specified by FEMA, where no other type of
housing assistance is possible.

•

Other than housing needs, money is available for necessary expenses and serious needs caused by the
disaster, including disaster-related medical and dental costs, funeral and burial cost, clothing, household
items, tools or educational materials required for a job or school, fuel for primary heat source , clean-up
items, disaster-damaged vehicle, moving and storage expenses related to the disaster, other necessary
expenses or serious needs as determined by FEMA, and other expenses that are authorized by law.

Public Assistance (PA)
The mission of the Federal Emergency Management Agency's (FEMA) Public Assistance (PA) Grant Program is
to provide assistance to state, Tribal and local governments, and certain types of Private Non-Profit (PNP)
organizations so that communities can quickly respond to and recover from major disasters or emergencies
declared by the President.
Through the PA Program, FEMA provides supplemental Federal disaster grant assistance for debris removal,
emergency protective measures, and the repair, replacement, or restoration of disaster-damaged, publicly
owned facilities and the facilities of certain PNP organizations. The PA Program also encourages protection of
these damaged facilities from future events by providing assistance for hazard mitigation measures during
the recovery process.
The Federal share of assistance is not less than 75% of the eligible cost for emergency measures and
permanent restoration. The grantee (usually the State) determines how the non-Federal share (up to 25%) is
split with the subgrantees.
Several additional agencies including USACE, Natural Resource Conservation Service (NRCS), U.S. Geological
Survey (USGS), and others have specialists on staff and can offer further information on flood hazard
mitigation. The State NFIP Coordinator and SHMO are state-level sources of information and assistance,
which vary among different states.
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8. Acronyms and Definitions
A
AAL
ALR
AoMI

Average Annualized Loss
Annualized Loss Ratio
Areas of Mitigation Interest

B
BCA
BFE
BMP

Benefit-Cost Analysis
Base Flood Elevation
Best Management Practices

C
CFR
COG
COOP
CRS
CSLF
D
DHS
Security
DMA 2000
E
EOP
F
FEMA
FIRM
FIS
FMA
FRD
FRM
FRR
FY

Code of Federal Regulations
Continuity of Government Plan
Continuity of Operations Plan
Community Rating System
Changes Since Last FIRM
Department of Homeland
Disaster Mitigation Act of 2000
Emergency Operations Plan
Federal Emergency
Management Agency
Flood Insurance Rate Map
Flood Insurance Study
Flood Mitigation Assistance
Flood Risk Database
Flood Risk Map
Flood Risk Report
Fiscal Year
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G
GIS
H
HMA
HMGP
Program
I
IA
N
NFIA
NFIP
Program
NRCS
Service
P
PA
PDM
R
RFC
Risk MAP
Planning

Geographic Information System
Hazard Mitigation Assistance
Hazard Mitigation Grant

Individual Assistance
National Flood Insurance Act
National Flood Insurance
Natural Resource Conservation

Public Assistance
Pre-Disaster Mitigation
Repetitive Flood Claims
Mapping, Assessment, and

S
SFHA
SHMO
SRL

Special Flood Hazard Area
State Hazard Mitigation Officer
Severe Repetitive Loss

U
USACE
USGS

U.S. Army Corps of Engineers
U.S. Geological Survey
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0.2-percent-annual-chance flood – The flood elevation that has a 0.2-percent chance of being equaled
or exceeded each year. Sometimes referred to as the 500-year flood.
1-percent-annual-chance flood – The flood elevation that has a 1-percent chance of being equaled or
exceeded each year. Sometimes referred to as the 100-year flood.
Average Annualized Loss (AAL) – The estimated long-term weighted average value of losses to property
in any single year in a specified geographic area
Annualized Loss Ratio (ALR) – Expresses the annualized loss as a fraction of the value of the local
inventory (total value/annualized loss).
Base Flood Elevation (BFE) – Elevation of the 1-percent-annual-chance flood. This elevation is the basis
of the insurance and floodplain management requirements of the NFIP.
Berm – A small levee, typically built from fill dirt.
Cfs – Cubic feet per second, the unit by which discharges are measured (a cubic foot of water is about
7.5 gallons).
Consequence (of flood) – The estimated damages associated with a given flood occurrence.
Crest – The peak stage or elevation reached or expected to be reached by the floodwaters of a specific
flood at a given location.
Dam – Any artificial barrier that impounds or diverts water and that: (1) is 25 feet or more in height
from the natural bed of the stream or watercourse measured at the downstream toe of the barrier or
from the lowest elevation of the outside limit of the barrier if it is not across a stream channel or
watercourse, to the maximum water storage elevation or (2) has an impounding capacity at maximum
water storage elevation of 50 acre-feet or more.
Design flood event – The greater of the following two flood events: (1) the base flood, affecting those
areas identified as SFHAs on a community’s FIRM; or (2) the flood corresponding to the area designated
as a flood hazard area on a community’s flood hazard map or otherwise legally designated.
Erosion – Process by which floodwaters lower the ground surface in an area by removing upper layers of
soil.
Essential facilities – Facilities that, if damaged, would present an immediate threat to life, public health,
and safety. As categorized in Hazus, essential facilities include hospitals, emergency operations centers,
police stations, fire stations, and schools.
Flood – A general and temporary condition of partial or complete inundation of two or more acres of
normally dry land area or of two or more properties (at least one of which is your property) from:
overflow of inland or tidal waters; unusual and rapid accumulation or runoff of surface waters from any
source; mudflow; or collapse or subsidence of land along the shore of a lake or similar body of water as
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a result of erosion or undermining caused by waves or currents of water exceeding anticipated cyclical
levels that result in a flood as defined above.
Flood Insurance Rate Map (FIRM) – An official map of a community, on which FEMA has delineated
both the SFHAs and the risk premium zones applicable to the community. See also Digital Flood
Insurance Rate Map.
Flood Insurance Study (FIS) – Contains an examination, evaluation, and determination of the flood
hazards of a community, and if appropriate, the corresponding water-surface elevations.
Flood risk – Probability multiplied by consequence; the degree of probability that a loss or injury may
occur as a result of flooding. Sometimes referred to as vulnerability.
Floodborne debris impact – Floodwater moving at a moderate or high velocity can carry floodborne
debris that can impact buildings and damage walls and foundations.
Floodwall – A long, narrow concrete or masonry wall built to protect land from flooding.
Floodway (regulatory) – The channel of a river or other watercourse and that portion of the adjacent
floodplain that must remain unobstructed to permit passage of the base flood without cumulatively
increasing the water surface elevation more than a designated height (usually 1 foot).
Floodway fringe – The portion of the SFHA that is outside of the floodway.
Flow pinch point – A point where a human-made structure constricts the flow of a river or stream.
Freeboard – The height above the base flood added to a structure to reduce the potential for flooding.
The increased elevation of a building above the minimum design flood level to provide additional
protection for flood levels higher than the 1-percent-chance flood level and to compensate for inherent
inaccuracies in flood hazard mapping.
Hazus – A GIS-based risk assessment methodology and software application created by FEMA and the
National Institute of Building Sciences for analyzing potential losses from floods, hurricane winds, and
earthquakes.
High velocity flow – Typically comprised of floodwaters moving faster than 5 feet per second.
Loss ratio – Expresses loss as a fraction of the value of the local inventory (total value/loss).
Levee – A human-made structure, usually an earthen embankment, designed and constructed in
accordance with sound engineering practices to contain, control, or divert the flow of water so as to
provide protection from temporary flooding.
Mudflow – A river of liquid and flowing mud on the surfaces of normally dry land areas, as when earth is
carried by a current of water.
Probability (of flood) – The likelihood that a flood will occur in a given area.
Upper Fox Watershed, Wisconsin, Resilience Report

31

Risk MAP – A FEMA strategy to work collaboratively with state, local, and tribal entities to deliver
quality flood data that increases public awareness and leads to action that reduces risk to life and
property.
Riverine – Of or produced by a river. Riverine floodplains have readily identifiable channels.
Special Flood Hazard Area (SFHA) – Portion of the floodplain subject to inundation by the base flood.
Stafford Act – Robert T. Stafford Disaster Relief and Emergency Assistance Act, PL 100-707, signed into
law November 23, 1988; amended the Disaster Relief Act of 1974, PL 93-288. This Act constitutes the
statutory authority for most federal disaster response activities especially as they pertain to FEMA and
FEMA programs.
Stillwater – A rise in the normal level of a water body.
Vulnerability – Probability multiplied by consequence; the degree of probability that a loss or injury may
occur as a result of flooding. Sometimes referred to as flood risk.
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9. Additional Resources
ASCE 7 – National design standard issued by the American Society of Civil Engineers (ASCE), Minimum
Design Loads for Buildings and Other Structures, which gives current requirements for dead, live, soil,
flood, wind, snow, rain, ice, and earthquake loads, and their combinations, suitable for inclusion in
building codes and other documents.
ASCE 24-05 – National design standard issued by the ASCE, Flood Resistant Design and Construction,
which outlines the requirements for flood resistant design and construction of structures in flood hazard
areas.
National Flood Insurance Program (NFIP), Federal Emergency Management Agency (FEMA),
www.floodsmart.gov
FEMA, www.fema.gov
ASCE, 2010. So, You Live Behind a Levee! Reston, VA.
FEMA Publications – available at www.fema.gov
FEMA, 1985. Manufactured Home Installation in Flood Hazard Areas, FEMA 85. Washington, DC,
September 1985.
FEMA and the American Red Cross, 1992. Repairing Your Flooded Home, FEMA 234/ARC 4476.
Washington, DC, August 1992.
FEMA, 1996. Addressing Your Community’s Flood Problems, FEMA 309. Washington, DC, June 1996.
FEMA, 1998. Homeowner’s Guide to Retrofitting, FEMA 312. Washington, DC, June 1998.
FEMA, 1999. Protecting Building Utilities from Flood Damage, FEMA 348. Washington, DC, November
1999.
FEMA, 2003. Interim Guidance for State and Local Officials - Increased Cost of Compliance Coverage,
FEMA 301. Washington, DC, September 2003.
FEMA, 2000. Above the Flood: Elevating Your Floodprone House, FEMA 347. Washington, DC, May 2000.
FEMA, 2001. Understanding Your Risks: Identifying Hazards and Estimating Losses, FEMA 386-2.
Washington, DC, August 2001.
FEMA, 2002a. Getting Started: Building Support for Mitigation Planning, FEMA 386-1. Washington, DC,
September 2002.
FEMA, 2002b. Integrating Manmade Hazards into Mitigation Planning, FEMA 386-7. Washington, DC,
September 2002.
FEMA, 2003a. Developing the Mitigation Plan: Identifying Mitigation Actions and Implementing
Strategies, FEMA 386-3. Washington, DC, April 2003.
FEMA, 2003b. Bringing the Plan to Life: Implementing the Hazard Mitigation Plan, FEMA 386-4.
Washington, DC, August 2003.
FEMA, 2004a. Design Guide for Improving School Safety in Earthquakes, Floods, and High Winds, FEMA
424. Washington, DC, January 2004.
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FEMA, 2004b. Federal Guidelines for Dam Safety: Emergency Action Planning for Dam Owners, FEMA 64.
Washington, DC, April 2004.
FEMA, 2005. Integrating Historic Property and Cultural Resource Considerations into Hazard Mitigation
Planning, FEMA 386-6. Washington, DC, May 2005.
FEMA, 2006a. Multi-Jurisdictional Mitigation Planning, FEMA 386-8. Washington, DC, August 2006.
FEMA, 2006b. Using the Hazard Mitigation Plan to Prepare Successful Mitigation Projects, FEMA 386-9.
Washington, DC, August 2008.
FEMA, 2006c. “Designing for Flood Levels Above the BFE,” Hurricane Katrina Recovery Advisory 8,
Hurricane Katrina in the Gulf Coast: Building Performance Observations, Recommendations, and
Technical Guidance, FEMA 549, Appendix E. Washington, DC, July 2006.
FEMA, 2007a. Property Acquisition Handbook for Local Communities, FEMA 317. Washington, DC,
September 2007.
FEMA, 2007b. Public Assistance Guide, FEMA 322. Washington, DC, June 2007.
FEMA, 2007c. Using Benefit-Cost Review in Mitigation Planning, FEMA 386-5. Washington, DC, May
2007.
FEMA, 2007d. Design Guide for Improving Critical Facility Safety from Flooding and High Winds:
Providing Protection to People and Buildings, FEMA 543. Washington, DC, January 2007.
FEMA, 2007e. Selecting Appropriate Mitigation Measures for Floodprone Structures, FEMA 551.
Washington, DC, March 2007.
FEMA, 2007f. Design Guide for Improving Hospital Safety in Earthquakes, Floods, and High Winds:
Providing Protection to People and Buildings, FEMA 577. Washington, DC, June 2007.
FEMA, 2008. Reducing Flood Losses Through the International Codes: Meeting the Requirements of the
National Flood Insurance Program, FEMA 9-0372, Third Edition. Washington, DC, December 2007.
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Appendix A – WDNR Presentation Slides
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Appendix B – WEM Presentation Slides
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Appendix C – Mitigation Opportunities
Community

Kenosha
County

Kenosha
County

Kenosha
County

Mitigation Issue

Upper Fox Watershed Mitigation
Mitigation Action

Assistance

Strategies Specific to
the Upper Fox
Watershed

Preservation of the remaining primary environmental
corridor lands along the Fox River and its major
tributaries as essentially natural open space uses. The
corridors are to be preserved by a combination of public
acquisition for parkway purposes and floodplain and
open space zoning.

Removal of Flood Prone
Structures

Removal of structures that have been identified as
potentially being located in one-percent annualprobability (100-year recurrence interval) floodplains on
the County large-scale topographic maps. The county’s
plan indicates that there are there are 22 structures still
considered by FEMA to be a repetitive- or substantial
loss property in Kenosha County.

Lending Institution and
Real-Estate-Agent
Policies

The Kenosha County plan calls for lending institutions to
continue their practice of determining the flood prone
status of properties before mortgage transactions. To
that end, these institutions should consult with the
appropriate local zoning department to inquire about
any additional flood hazard studies for areas not
identified in the Federal FIS.
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Community

Kenosha
County

Kenosha
County

Kenosha
County

Kenosha
County

Upper Fox Watershed Mitigation
Mitigation Issue
Mitigation Action
Assistance
This plan calls for Kenosha County and local
municipalities and drainage districts to work
cooperatively to continue and expand programs for
regular stream channel maintenance within their
Stream Channel
respective jurisdictions. These programs would include
Maintenance
the periodic removal of sediment deposits, selected
heavy vegetation, and debris from all watercourses in
the County, including bridge openings and culverts,
subject to obtaining any necessary local and State
permits.
Stormwater
Management and
Provision of onsite detention storage facilities for new
Stormwater Facility
planned development.
Maintenance
The plan also calls for stormwater maintenance
activities to be carried out on a continuing basis to
maximize the effectiveness of the stormwater
management facilities and measures and to protect the
capital investment in the facilities. The effectiveness of
stormwater conveyance and detention facilities and
other management measures can be sustained only if
Stormwater
proper operation, repair, and maintenance procedures
Management and
are carefully followed. Important maintenance
Stormwater Facility
procedures include the periodic repair of storm sewers;
Maintenance
the clearing of sewer obstructions; the maintenance of
open channel vegetation linings; the clearing of debris
and sediment from open channels; the maintenance of
the infiltration capacity of stormwater infiltration
facilities; the maintenance of detention facility inlets
and outlets; the maintenance of detention basin
vegetative cover; and the periodic removal of sediment
accumulated in detention basins.
The plan calls for maintaining information regarding
properties at risk. The plan indicates that the extent of
the one-percent-annual-probability floodplain has been
Survey of Buildings in
delineated on the Kenosha County large scale
and near the 100-Year
topographic maps, based on data derived from the most
Floodplain
current Flood Insurance Study prepared by FEMA,
effective June 19, 2012. The plan calls for this data to be
maintained and updated as conditions change.
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Community

Racine County

Racine County

Upper Fox Watershed Mitigation
Mitigation Issue
Mitigation Action
Preservation of the remaining primary environmental
corridor lands along the Fox River and its major
Strategies Specific to
tributaries in essentially natural open space uses. The
the Upper Fox
corridors are to be preserved by a combination of public
Watershed
acquisition for parkway purposes and floodplain and
open space zoning.
Reevaluation of the need for dikes and floodwalls in
the City of Burlington, considering the current and
planned City redevelopment actions. The 1970 Fox
River study proposed a combination of earthen
dikes and concrete floodwalls that would be
constructed along both sides of the Fox River
Strategies Specific to
throughout most of the City, and along portions of
the Upper Fox
both sides of the White River between the Echo
Watershed
Lake dam and the confluence with the Fox River. Also,
automatic backwater gates would be installed on
existing storm sewer outfalls. The need for additional
facilities should be reevaluated, given the current
City of Burlington downtown redevelopment actions
which have been designed to alleviate flooding
problems.

Racine County

Construction of levees and channel improvements
along the lower reaches of Hoosier Creek to protect
Flood Control Structures
flood-vulnerable agricultural areas, abate agricultural
damages, and improve agricultural drainage.

Racine County

Continued implementation of the emergency action
plan for flooding that was developed in 1997 for the
Town of Norway Sanitary District No. 1.5. About 32
percent of the land located within the Sanitary District’s
boundary is identified as floodplain. The emergency
action plan sets forth procedures for maintaining a
flood warning system for the township, including
identification of pertinent emergency agencies,
locations of emergency shelters, evacuation
procedures, and procedures for maintaining services in
the event of flooding.

Preparation of
Emergency Action Plan

Upper Fox Watershed, Wisconsin, Resilience Report

73

Assistance

Community

Racine County

Walworth
County

Upper Fox Watershed Mitigation
Mitigation Issue
Mitigation Action
Assistance
Flood proofing or removal of up to 436 structures in
the Fox River Watershed identified using County largescale topographic maps as potentially being located in
the one-percent-annual-probability floodplain.. In this
regard, field surveys should be made of those structures
identified on the County large-scale topographic maps
Floodproofing
as being located within the floodplain in order to
Protection for Existing
obtain a more definitive assessment of their flood
Homes
hazard status. Furthermore, this plan element is
presented as an option, subject to the preference of the
individual property owner. The number of structures
identified that may require flood proofing has
increased substantially since the initial hazard
mitigation plan.
Mitigating Repetitive
Loss Properties

Identify and analyze feasible mitigation options for
those properties which may be designated as a
repetitive loss flood property.

Walworth
County

Leveraging FEMA grant
programs

Apply for funding through the federal Hazard Mitigation
Grant program, Flood Mitigation Assistance Program,
and the Pre-Disaster Mitigation Program as well as any
other resources that may be available to help flood
proof repetitive loss sites or remove them through
acquisition followed by demolition or relocation.

Walworth
County

Better Stormwater
Management

Design and budget for stormwater management
facilities consistent with adopted stormwater
management plans that have been or will be prepared /
amended.

Walworth
County

Bridge and Culvert
Maintenance

Develop and maintain a digital inventory of
bridges/culverts on a county or state roads. Identify
those culverts and bridges that are undersized or are
otherwise unable to handle expected flood flows.

Walworth
County

GIS Database
Regarding Road
Flooding
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Develop and maintain a geographic database for public
roadways that are susceptible to flooding.
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Community
Walworth
County
Walworth
County
Walworth
County

Upper Fox Watershed Mitigation
Mitigation Issue
Mitigation Action
Roadway Improvement Prepare a strategy to prioritize road improvements for
Plan
public roadways that are susceptible to flooding.
Protecting Undeveloped Identify undeveloped areas of the county, if any, that
Flood Plain or Flood
have flood mitigation value and develop appropriate
Resources.
strategies to protect them.
Establish a framework to compile and coordinate
Water Management
surface water management plans and data throughout
Planning
the county.

Walworth
County

Flood Insurance

Walworth
County

Flood Warning and
Public Notification

Walworth
County

GIS Database on
Natural Hazards

Walworth
County

CRS Participation

Walworth
County

Emergency Action Plans

Walworth
County

Mapping Needs

Walworth
County

Dam Safety

Walworth
County

Dam Safety

Walworth
County

Updating Flood Plain
Regulations

Walworth
County

Protecting Homes from
Flooding

Walworth
County

Dam Safety

Repair the Beulah Dam (County Highway J).

Walworth
County

Dam Safety

Repair the Whitewater Lake Dam.
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Distribute NFIP information.
Explore options for improving the ability of local units of
government to report flooding, receive information, and
request assistance.
Develop and maintain a geographic geodatabase fro
natural hazard events, including location, weather
conditions , and resulting damage.
Evaluate the support for and the feasibility of becoming
part of the CRS to lower flood insurance premiums for
property owners.
Work with the DNR to ensure that an emergency action
plan is prepared for large dams and that they are
periodically updated.
Develop a prioritized list of areas of the county meriting
detailed studies.
Ensure that privately-owned large dams are inspected
consistent with state law.
Ensure that publicly-owned large dams are inspected
consistent with state law.
Revise existing floodplain regulation to ensure they
comply with the most recent model floodplain
regulations.
Undertake measures to address flooding within the Oak
Knoll subdivision in the Village of Walworth.
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Assistance

Community
Walworth
County

Walworth
County

Town of
Sharon

Town of
Delavan
Town of Sugar
Creek
Town of La
Fayette

Upper Fox Watershed Mitigation
Mitigation Issue
Mitigation Action
Conduct a study to determine feasible and cost
effective solutions to minimize flooding in those lake
Safety on Inland Lakes basins with a natural outlet such as Whitewater Lake
and Turtle Lake and those without a natural outlet such
as Lake Lorraine.
Identify restrictions of water flow from Turtle Lake,
Turtle Valley Wildlife Area, and Turtle Creek. Identify
Safety on Inland Lakes
and analyze mitigation options for those properties and
roadways affected.
Address the reoccurring flooding of Chilson Road and
prevent flood water from entering the sewer facility on
Roadway Flooding
Chilson Road. Remove trees from area by road and
replace with geotextile material and rock. Also, put in a
grassed waterway to help with the water flow.
Conduct a study to determine feasible and cost
Protecting Homes from
effective solutions to minimize flooding in the Inlet Oaks
Flooding
subdivision and implement a long-term solution.
Conduct a study to determine why there is flooding on
Safety on Inland Lakes the north side of Lake Wandewega and implement a
long-term solution.
Address the flooding along Potter Road, Hodges Road
Roadway Flooding
(near bridge area), and Bray Road (by the cross culvert
near Plank Road and W3873 driveway).

Town of
Bloomfield

Roadway Flooding

Mitigate flood water along Nipersink Road through
culvert placement and ditch improvements.

Village of
Darien

Roadway Flooding

Continue to evaluate flooding issues along Madison
Street and Wisconsin Street by the Ponds subdivision.

Village of East
Troy

Dam Safety

Village of
Sharon

Roadway Flooding

Initiate storm sewer work along George St. and Ballard
St. and ditch work along Prairie St. to improve flows.

Roadway Flooding

The Waukesha County Highway Department has
identified some mitigation projects that would improve
the disaster resistance of some of the county roadways
that have experience repetitive flooding. The plan
includes a list of 12 sections of roadways that need
improvement.

Walworth
County
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Conduct a study to determine if the Mill Pond dam
should be removed or updated.
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Assistance

Community
Walworth
County

Walworth
County

Walworth
County

Walworth
County

Walworth
County

Walworth
County

Walworth
County

Upper Fox Watershed Mitigation
Mitigation Issue
Mitigation Action
Several locations in the City of Waukesha experience
significant flooding: W. College and Harvey, and Patrick
Roadway Flooding
and Sandra Lane, Harding and Anoka, Summit and
North High and others. The City has identified the
following projects:
Mitigate the recurring flooding of homes and
roadways the Summit Ave., Anoka – Harding
Protecting Homes from
residential area through storm sewer reconstruction
Flooding
and other flood mitigation work including a retention
pond.
Mitigate the recurring flooding of homes and
roadways to a depth of four feet in the W.
Protecting Homes from
College/Harvey Ave. residential area through storm
Flooding
sewer reconstruction and other flood mitigation work
including a retention pond.
Mitigate the recurring flooding of homes and
roadways in the Sandra and Patrick Lane
Protecting Homes from
residential area through storm sewer reconstruction
Flooding
and other flood mitigation work including a retention
pond.
Mitigate the recurring flooding of homes and roadways
the Summit Ave., North High School, Michigan Ave.
Protecting Homes from
residential area through storm sewer reconstruction
Flooding
and other flood mitigation work including a retention
pond.
A homeowner in the Fiddler’s Creek subdivision has
Protecting Homes from
issues. The city is working with the homeowner’s
Flooding
association to mitigate the problems.
Complete the Flood Mitigation Study and explore
opportunities in the two areas deemed vulnerable
Flood Mitigation Study (i.e., West College Ave., Maple Ave., Harvey Ave;
Pine St., Bel Air Dr., Summit Ave., Michigan Ave., N.
University Dr.)

Waukesha
County
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Assistance

Community

City of
Waukesha

Town of
Mukwonago

City of
Delafield and
Town of
Mukwonago

Village of
Mukwonago

Upper Fox Watershed Mitigation
Mitigation Issue
Mitigation Action
The City of Waukesha would like to install a river
monitoring camera system to safely/remotely monitor
the NWS river level gauges because the area is a natural
“chokepoint,” which can cause water to rise very rapidly
and it serves as a good predictor for flooding. The
Flood Monitoring and
system will have wireless cameras tied into a network
Warning
that can be remotely monitored in the Incident
Command Post (ICP) and Emergency Operations Center
(EOC). The city has also applied for a Community
Development Block Grant (CDBG) for four more
cameras to make the system more robust.

Protecting Homes from
Flooding

Currently there are about 12 houses pumping water out
during flood events and two to three at the bottom of
the “bowl.” The city has also had to pump water out to
open the road to a key intersection. When this occurs,
the water goes over a hill and into a surface stream
causing a concern about pumping into a high-quality
cold water stream and some easement issues. Once the
acceptable solutions are found, the town will seek out
funding sources (e.g., grants) to execute solutions.

Dam Safety

Work with the Wisconsin Department of Natural
Resources (DNR) on dam safety and flooding issues,
including better communication and emergency
plans. Recently, four dams were overtopped by
flood waters and the water was affecting bridges and
roads. The affected municipalities were unaware
that the DNR pulled the boards due to a failure in
the communication protocols. The DNR is would also
like to remove one dam and to create failure plans for
the area.

Stream Bank Safety

The north bank of the Mukwonago River needs to be
stabilized to control erosion from North Main (Hwy
ES) to Highway 83. The goals of the project are to
prevent erosion of the bank into the river, to establish a
“no mow” area to filter water before it enters the
river and to increase the aesthetic value of the land.

Upper Fox Watershed, Wisconsin, Resilience Report
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Assistance

Community

Village of
Mukwonago

Village of
Menomonee
Falls

Village of
Merton

Mitigation Issue

Upper Fox Watershed Mitigation
Mitigation Action

Assistance

Dam Safety

Raise the gate in the Mukwonago Dam, which is on
the Mukwonago River, so that when it is opened
the water has more room to pass out. Currently the
gate does not go all of the way to the top of the dam,
which restricts water flow. The new gate would also
serve as a “relief valve” for the dam in major
events. The Village received a grant from the
Wisconsin Department of Natural Resources (WI
DNR) for part of the work but is inadequate for the
full extent of the project.

Roadway
Improvements

Raise the road(s) and increase the flow capacity of
the road(s) that service the Silver Meadows
subdivision, which contains approximately 100
homes, on the west side of the village. There are
only two access roads to the subdivision and the
cross culverts are filled causing the roads to overtop by
up to 1½ feet of water, which can close down the roads
for over 24 hours.

Dam Safety
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The Village has received an order from the
Wisconsin Department of Natural Resources to
complete a river berm upgrade to include tree
removal and changing the slopes of the
embankment around the Merton Dam (WI DNR
67.08). The WI DNR has also ordered that the village
complete a dam failure analysis and a detailed
Emergency Action Plan for the Merton Dam.
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Community

City of New
Berlin

City of
Pewaukee

City of
Brookfield

City of
Muskego

Upper Fox Watershed Mitigation
Mitigation Issue
Mitigation Action
Implement the mitigation measures in the City of
New Berlin’s Stormwater Management Plan as soon
as possible. The plan contains mitigation measures such
Better Stormwater
as an extensive streambank stabilization project,
Management
creating retention ponds, waterway clearing and 13
homes that could be bought-out and converted to
open space and/or retention ponds.

Better Stormwater
Management

Continue exploring the feasibility of creating a
Storm Water Management District in the City of
Pewaukee to fund mitigation projects. In the past,
the city has used revenue generated from the
property tax levy and special assessments charged to
property owners to finance various storm-water
control projects. Under a storm-water utility,
homeowners, businesses, churches and other
property owners would pay a fee for the work.
Several areas of the city were flooded in June 2008 after
heavy rains. Those areas are targeted for storm-control
work. That flooding caused about $18.7 million in
damage in the city.

Purchasing Flood Prone
Properties

Buyout one repetitive loss residential property that,
because of its topography, is prone to flooding.
Demolish the structure and create a retention pond.
The home, which is on Parkhurst Drive, is the only one
in the area and it sits in a “bowl” that floods. Most
recently, the home flooded on July 22, 2010 with the
basement totally filling and six inches of water standing
on the first floor living area.

Protecting Homes from
Flooding

Evaluate hazard mitigation measures for properties that
have a history of damage due to overland flooding.
Exploring flood proofing, buy-outs, etc. to mitigate
damages. There are 13 properties on Gaulke Dr.,
Saroyan Rd. (x 4), Catalina Dr., Cornell Dr., Racine Ave.
(x2), Janesville (x2), Pioneer Dr. and Crowbar Dr.
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Assistance

Community

City of
Brookfield

City of
Brookfield

City of
Brookfield

City of
Brookfield

Village of Elm
Grove

Upper Fox Watershed Mitigation
Mitigation Issue
Mitigation Action
Purchase and raze repetitive loss structures from floodprone areas or where properties are subject to surface
water drainage up to and into the house. The project
would also include re-grading property to provide
detention of runoff to reduce drainage issues elsewhere
Purchasing Flood Prone in the neighborhood. The residential homes in the
Properties
Imperial Estates subdivision and along urbanized creeks
are subject to surface water flooding, some of which
may impact the first floor living space. Others are
subject to repetitive losses from sewer backups, which
are likely receiving water from other flooded houses in
the area.
Flood proof repetitive loss structures adjacent to
urbanized creeks or in or adjacent to low lying areas or
Floodproofing Homes
floodplains. These residential properties have had
and Properties
flooding that may be “correctable” using flood proofing
measures without purchasing the entire property or
removing the house.
Repair the severely eroded streambank on Underwood
Creek and replace driveway culverts over the creek
upstream of this property with a bridge or box section.
One property along this creek is experiencing significant
Stream Bank Safety
property loss from erosion in this creek. Replacing the
driveway culverts upstream of the property with a
bridge or box section may reduce likelihood of
repeated erosion.
Provide backwater valves to property owners subject to
basement backups. The type of basement backup
Basement Flooding
valves that install in floor drains are very inexpensive
but may reduce backups, which subject properties to
thousands of dollars of damage.

Better Stormwater
Management
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Minor stormwater conveyance systems should be
designed to provide protection from a ten-year
recurrence interval event. Major stormwater
conveyance systems should be designed to provide
protection from a 100-year recurrence interval event.
This will require regular maintenance by Department of
Public Works.
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Assistance

Community

Village of Elm
Grove

Mitigation Issue

Upper Fox Watershed Mitigation
Mitigation Action

Better Stormwater
Management

Village of Elm
Grove

Better Stormwater
Management

Village of Elm
Grove

Better Stormwater
Management

Village of Elm
Grove

Water Management

Village of Elm
Grove

Better Flood Plain
Management
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Assistance

A comprehensive Stormwater Management Plan,
including development and evaluation of alternative
plans to abate problems caused by flooding, inadequate
drainage, and nonpoint source pollution; development
of a recommended plan; and establishment of
procedures for plan implementation should be adopted.
Public and private drainage ways, both natural and
man-made, should be kept free from obstructions.
Easements should be obtained to protect drainage ways
and allow access for maintenance. Ordinances should
be adopted to enforce protection of and access to
drainage ways. A maintenance schedule has been
developed to keep the stormwater system functioning.
This will require ongoing regular maintenance.
A comprehensive process should be put in place to
review filling and grading of public and private parcels
to assure that all stormwater management issues are
addressed. Public education needs to create an
awareness of the problems that can occur with
improper filling and grading by homeowners.
Engineering review, permitting, inspection and
enforcement will be incorporated into
the
development and redevelopment of property.
Since private wells provide a direct channel to the
community’s water resource, wells should be brought
into compliance with current WDNR regulations. This
would include well casings that terminate at least
twelve inches (12”) above the ground and twenty-four
inches (24”) above the base flood elevations in flood
hazard zones. Well caps should be sealed.
Floodplain zoning ordinances should be actively
enforced. Policies should be established to address
structures located in flood hazard zones. Policies could
include elevation of structures, flood proofing, removal
of structures, the provision of detention storage and
modification of stream channels and/or bridges. If these
alternatives are not feasible, the structures should be
isolated from the municipal sanitary sewer system.
Currently, the village checks floodplain status for all
exterior building permits and reviews all exterior
projects in the Village.
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Community

Town of
Mukwonago

Upper Fox Watershed Mitigation
Mitigation Issue
Mitigation Action
Address flooding and roadway repairs associated with
the Country Bliss subdivision. The preliminary solution is
to install a force main and pumping station to take
Protecting Homes from
accumulated water out of a natural basin and pump it
Flooding
out. The accumulating water makes a few roads
impassable and impacts a few properties. The flooding
is primarily caused by elevated groundwater levels.

Town of
Summit

Inland Lake Safety

Town of Lisbon

Purchasing Flood Prone
Homes

Seek an acceptable (environmentally, socially, costbenefit, politically, etc.) solution for removing water
from the Genesee Lake system and the Genesee Lake
Farms subdivision. Seek out funding sources (i.e.,
grants) to execute solutions. The town was awarded
$506,000 from the Community Development Block
Grant – Emergency Assistance Program (CDBG-EAP) for
the installation of an outlet pipe from Lower Genesee
Lake to regulate the high water levels.
Continue working on the acquisition and demolition
project on Maple Avenue. This is an ongoing project
receiving HMGP grant funding.

Mitigation By Design

WCTC has a facility growth and modernization plan that
reviews potential projects with an eye toward building
mitigation measures in from the design. The planning
committee also building environmental concerns into
their projects, as can be seen by the following
examples:

Waukesha
County
Technical
College

Water Management

Work with the City of Brookfield’s Fox River Water
Pollution Control Center to monitor and maintain safe
water discharge levels as part of the Slug Prevention
Plan.

Waukesha
County
Technical
College

Stormwater
Management

Installing a water retention pond at the base of a hill
that separates WCTC’s property from the Pewaukee
High School.

Waukesha
County
Technical
College

Stormwater
Management

Adding five additional storm water retention basins as
part of the Master Facilities Plan.

Waukesha
County
Technical
College
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Assistance

