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Ms. Kris Eide,
Director

Homeland Security and Emergency Management
Minnesota Dept. of Public Safety

444 Cedar Street, Suite 223

Saint Paul, MN 55101-6223

Dear Ms. Fide:

I am pleased to inform you that the Federal Emergency Management Agency (FEMA), within the
Department of Homeland Security (DHS), formally approves the 2011 State of Minnesota All-
Hazards Mitigation Plan, officially adopted by the State of Minnesota on March 25, 2011. The plan
is now in compliance with the Disaster Mitigation Act of 2000 requirements for an updated Standard
State Mitigation Plan.

The approval of this plan ensures the continued availability of non-emergency Stafford Act funding
for the next three years within the State of Minnesota. This includes the Pre-Disaster Mitigation
Program, Repetitive Flood Claims Program, Hazard Mitigation Grant Program (at a 15% level), Fire
Management Assistance Grant Program, and Public Assistance Grants (Categories C-G). In addition
the approval of this plan allows the State of Minnesota to be eligible for the reduced cost share
(90/10) for grants awarded under the Flood Mitigation Assistance (FY2010) and Severe Repetitive
Loss programs. All requests for funding, however, will be evaluated individually according to the
specific eligibility and other requirements of the particular program under which the application is
submitted.

If you have any questions regarding the planning process, please contact Christine Stack, Mitigation
Division Director, at (312) 408-5570.

Sincerely,

AN

Andrew Velasquez 111
Regional Administrator

www.fema.gov
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Executive Summary

Executive Summary
Hazard Mitigation

Hazard mitigation is any sustained action taken to reduce or eliminate long-term risk to
people and property from natural or human caused hazards and their effects. The Robert
T. Stafford Disaster Relief and Emergency Assistance Act passed in 1988 established in
Section 404 the Hazard Mitigation Grant Program (HMGP). The Federal Emergency
Management Agency (FEMA) administers several types of mitigation grants that allow a
cost-share of 75 to 90 percent federal funding for eligible projects. The intent of these
projects is to reduce repetitive losses due to the same hazard. The high federal cost share
IS an incentive to local and state government to participate in long-term mitigation
planning.

The Hazard Mitigation Assistance (HMA) Unified Guidance published annually, has
combined the Hazard Mitigation Grant Program, Pre-Disaster Mitigation Program (PDM-
C), Flood Mitigation Assistance Program (FMA), Repetitive Loss Claims Program
(RFC), and Severe Repetitive Loss Program (SRL). In addition, the Flood Mitigation
Assistance and Severe Repetitive Loss grant programs are available to applicants that
participate in the National Flood Insurance Program (NFIP) and have identified
residential structures that qualify. The State of Minnesota Department of Public Safety
(DPS) Division of Homeland Security and Emergency Management (HSEM) manage
these grants for the local jurisdictions.

In addition to FEMA mitigation grants, the state has access to other grants, and utilizes
collaboration with other state agencies to assist making the state more resistant to
hazards.

State Mitigation Strategy

The state encourages the following types of mitigation strategies and actions to make the
state and its residents safer. While the state has access to multiple funding sources, not all
types of project are eligible, (eg. watershed plans, dams/levees, response). The state
encourages locals to utilize whatever means available to them to mitigate hazards that
affect them.

Prevention

e Develop and promote comprehensive cost-effective recommendations for
adoption and enforcement of land use, ordinances and regulations, promote
legislation, zoning, and building codes that regulate construction, and decrease
risk in areas susceptible to hazards.

Property Protection

e Install and maintain protective measures for the safety and security of critical
facilities.

Public Education

e Develop educational materials for the general public and decision makers,
educational projects and information regarding public and private volunteer

11
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initiatives as well as information regarding health safety and alternatives to
improve the public's awareness of hazard risks and ways to prevent or reduce their
impact with a sustainment mechanism to distribute educational materials.

Natural Resources

e Develop and implement watershed studies and implement watershed plans and
conduct hydrology studies and studies of groundwater problems, support of
siltation removal projects, and creation of retention/detention basins.

Emergency Services

e Train, exercise, and equip key state and local leaders for emergency/disaster/and
response efforts.

e Install safety and warning signage in appropriate vulnerable locations.
Structural Improvements
e Electrical utility retrofit/hardening.

e Construct, retrofit or maintain drainage systems (pipes, culverts, and channels) to
provide adequate and proper functioning systems to include sewage systems and
retention and detention systems.

e Install soil stabilization, drainage and erosion protection measures.

e Construct, retrofit or maintain levees, dams, floodwalls, culverts, and floodgates
to ensure adequate capacity and protection levels for property and critical
facilities.

Examples of Mitigation in Minnesota

The state of Minnesota has administered nearly $100 million in federal mitigation
funding from 1989 to the present. One of the requirements of mitigation is to provide cost
beneficial, technically feasible and environmentally sound projects, which benefit the
community over the long term. The following types of mitigation projects have been
implemented in Minnesota to reduce the impact of natural hazards on property and
people in the state.

Property Acquisition A major mitigation activity in the state is to reduce the
vulnerability of structures to floods. Floods are the top natural hazard in the state so
reducing, removing or elevating structures in flood prone zones results in less damage to
structures, less economic impact, increases the quality of life after a disaster and saves
lives. 1076 properties were acquired through HMA funding to remove structures from
flood prone areas. Eight structures were elevated above the 100-year flood return period
to make them less susceptible to flood damage.

Electric Distribution Electrical cooperatives retrofit electric distribution systems to
make them more damage resistant from ice and severe storms in order to reduce power
outages. High winds and ice during severe storms make electric power lines vulnerable to
damage. Power outages may last from several minutes up to several weeks depending

12
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upon the severity of the disaster and availability of repair crews. The impacts of
prolonged power outages are business interruption, livability in residences, and social
such as education and elder care. The state has funded 93 electric distribution projects,
typically electrical line and poles are buried or reinforced above ground to become wind
and storm resistant.

Drainage Retrofit Local infrastructure, such as storm water systems, water treatment
plants and roads are improved to reduce flood damages. Floods from rivers and/or
substantial rain events result in flash floods that may cause damage to structures. The
basic idea with drainage mitigation is to reduce vulnerability by moving water away from
the flood prone areas or preventing the buildup of water on streets or roads. Projects in
this category include improving culverts and storm water drains, mitigation actions to
protect water processing plants, and pumping and lift stations. There were 38 projects
involved with diverting or pumping floodwaters to lower the risk of impact to structures
and critical facilities.

Wildfire Retrofit Wildfires not only affect the lumber industry but impact tourism and
structures in the woodland/urban interface. The initial wildfire grant involved clearing
combustibles around structure but changed to the installation of wildfire sprinkler
systems. Wildfire sprinkler systems saturate the structure and surrounding vegetation to
lower the ignition point for those materials. This results in wildfires being contained or
going around the structure. The state has provided the Arrowhead Region (Lake, Cook
and St. Louis counties) with FireWise compliant residential sprinkler systems and
defensible space to make hundreds of homes more resistant to wildfire.

Other The 5% Initiative is part of HMGP and covers projects that do not meet the criteria
for a traditional cost benefit analysis. One type of project that falls in this category is the
installation of NOAA transmitters to provide 100% coverage in the state for the
transmission of warnings via NOAA weather radios and the Emergency Alert System to
rural areas. Another funded initiative project is Stream Gages. An interagency
cooperation between NOAA, USGS, MN DNR, and HSEM has resulted in the placement
of new stream gages or upgrading stream gages in areas of high flood risk. To date three
projects resulted in 30 stream gage placements or upgrades.

Hazard Mitigation Planning Hazard mitigation plans are required for the state and each
jurisdiction to be eligible for HMA funding. The state received funding for the 2011
Minnesota State All Hazard Mitigation Plan, eighty-six counties were funded for initial
multi-jurisdictional plans, thirty counties have been funded for the five-year review, and
two cities have been funded for both the initial plan and the five-year review. Four tribal
communities have received funding for mitigation plans through the state: Prairie Island
Indian Community, Mille Lacs Band of Ojibwe, Upper Sioux Agency, and the White
Earth Reservation.

State Mitigation Goals

The goals and objectives for mitigation in the state of Minnesota have not changed, and
continue to be broad enough to consider all types of mitigation for all sectors of the state.
A natural hazard specific actions section has been added. The state aims to focus on
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natural hazards and projects that make the state and its residents more resistant to
damages. Dam Failure was previously in the infrastructure hazards and has been moved
into the natural hazard analysis.

Goal 1. Maintain and enhance the State’s capacity to continuously make Minnesota less
vulnerable to all hazards.

e Institutionalize Hazard Mitigation.
e Improve organizational efficiency.
e Maximize the utilization of best technology.

Goal 2. Build and support local capacity and commitment to continuously become less
vulnerable to natural hazards.

e Increase awareness and knowledge of hazard mitigation principles and practice
among local public officials.

e Provide direct technical assistance to local public officials and help communities
obtain funding for mitigation planning and project activities.

e Encourage communities to develop, adopt, and implement local hazard mitigation
plans.

e Improve compliance with State floodplain regulations and encourage participation
in the National Flood Insurance Program (NFIP).

e To assist jurisdictions in developing mitigation projects and identifying funding
for cost-beneficial mitigation projects.

e Continuously demonstrate and capitalize upon the connection between hazard
mitigation and sustainable development.

Goal 3. Improve coordination and communication with other relevant entities.
e Establish and maintain lasting partnerships
e Streamline policies to eliminate conflicts and duplication of effort
e Incorporate hazard mitigation into the activities of other organizations
Goal 4. Increase public understanding, support, and demand for hazard mitigation.
o ldentify hazard-specific issues and needs.
e Heighten public awareness of natural hazards.
e Publicize and encourage the adoption of appropriate hazard mitigation measures.
e Educate the public on the benefits of mitigation measures.

e Help educate the public on the benefits of hazard-resistant construction and site
planning.

e Maximize available post-disaster “windows of opportunity” to implement major
mitigation outreach initiatives.
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1. INTRODUCTION
Purpose

This updated version of the Minnesota All-Hazard Mitigation Plan (Plan) follows the
Disaster Mitigation Act (DMA) of 2000 plan revision requirements. The authority for this
document is the Robert T. Stafford Disaster Relief and Emergency Assistance Act, as
amended by Public Law 106-390, October 30, 2000, the Disaster Mitigation Act of 2000.
This Plan conforms to the 44 Code of Federal Regulations (CFR) Parts 201 and 206:
Mitigation Planning and the Hazard Mitigation Grant Program Requirements. The State
will continue to comply with all applicable Federal statutes and regulations during the
periods for which it receives grant funding, in compliance with 44 CFR 13.11(c), and will
amend its plan whenever necessary to reflect changes in State or Federal laws and
statutes as required in 44 CFR 13.11(d).

The state of Minnesota is vulnerable to a variety of potential hazards. These hazards, both
natural and human-caused, threaten loss of life and property. Events such as riverine and
flash flooding, urban fire, and wildfire, blizzard, tornado and straight-line wind,
hailstorm, earthquake, ice storm, drought, and chemical, biological, radiological, nuclear,
and explosive incidents have the potential for inflicting devastating economic loss and
personal hardship. Natural disasters cost the state and its taxpayer’s money, both directly
and indirectly. Many disasters in the state do not warrant federal disaster designation,
which often result in local governments, businesses and citizens bearing the costs of
recovery. Risk and vulnerability to natural and human caused hazards will continue to
increase as Minnesota’s population grows.

Hazard mitigation planning is an effective instrument to reduce losses by reducing the
impact of disasters upon people and property. Although mitigation efforts cannot
completely eliminate impacts of disastrous events, the state shall endeavor to reduce the
impacts of hazardous events to the greatest extent possible.

This All Hazard Mitigation Plan represents the efforts of the state of Minnesota in
fulfilling the responsibility for hazard mitigation planning. The purpose of this Plan is to
identify the State’s major hazards, assess the vulnerability to those hazards, and take
steps to reduce vulnerability using the technical and program resources of Minnesota
agencies. The Plan identifies goals and recommended actions and initiatives for state
government to reduce and/or prevent injury and damage from hazardous events. The
intent of the plan is to provide unified guidance for ensuring coordination of recovery-
related hazard mitigation efforts following a major emergency/disaster, and to implement
an on-going comprehensive state hazard mitigation strategy intended to reduce the impact
of loss of life and property due to disasters.

Scope

The overall goal of the Plan is to eliminate or reduce the impact of natural and human-
caused incidents on the people and property of the state of Minnesota. The Plan evaluates
and ranks the major natural and human caused hazards affecting the state of Minnesota as
determined by frequency of event, economic impact, deaths and injuries. The Plan
assesses hazard risk, reviews current state and local hazard mitigation capabilities,
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develops mitigation strategies and identifies state agency and other interagency working
group’s actions to address mitigation needs. The Plan does not attempt to develop local
mitigation plans or projects. Mitigation recommendations are based on input from state
and local agencies and national best practices. The Plan identifies existing resources and
develops tools to assist communities to help them succeed in their mitigation efforts. This
iIs accomplished by establishing statewide mitigation policies, providing technical
resources through state agency staff expertise and support, providing financial assistance
through various programs, training and education and other agency initiatives.

Mitigation Definition

Hazard mitigation may be defined as any action taken to eliminate or reduce the future
risk to human life and property from natural and human caused hazards. Potential types
of hazard mitigation measures include the following:

e Structural hazard control or protection projects
e Retrofitting of facilities
e Acquisition and relocation of structures
e Development of mitigation standards, regulations, policies, and programs
e Public awareness and education programs
e Development or improvement of warning systems
Benefits
The benefits of hazard mitigation include the following:
e Saving lives, protecting the health of the public, and reducing injuries
e Preventing or reducing property damage
e Reducing economic losses
e Minimizing social dislocation and stress
e Reducing agricultural losses
e Maintaining critical facilities in functioning order
e Protecting infrastructure from damage
e Protecting mental health

e Reducing legal liability of government and public officials

In line with goals of hazard mitigation planning in the state of Minnesota Homeland
Security and Emergency Management vision is Keeping Minnesota Ready through
collaboration and coordination at all levels of government.
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Minnesota Homeland Security and Emergency Management
Vision: Keeping Minnesota Ready

The mission of HSEM is to help Minnesota prevent, prepare for, respond to and recover from
natural and human caused disaster. Our team develops and maintains partnerships; collects and
shares information; plan, train and educates; coordinates response resources; and provides technical
and financial assistance.

Authority

On January 14, 2011 the revised Governor’s Executive Order 11-03 rescinded the
Governor’s Executive Order 10-06 and assigned emergency responsibilities to state
agencies. This document clarified the roles and responsibilities of state agencies in
emergencies and is included in the appendices. Homeland Security and Emergency
Management (HSEM) is directed to do the following Recovery/Hazard Mitigation
activities:

A. Each state agency that has a role in emergency management shall participate in
the development of hazard mitigation strategies to reduce or eliminate the
vulnerability of life and property to the effects of emergencies and disasters.

B. Following a presidential declaration of a major disaster, state agencies shall be
responsible for carrying out the hazard mitigation responsibility assignments
contained in this Executive Order and elaborated upon in the State All-Hazard
Mitigation Plan.

C. State agencies shall, when requested by the Division of Homeland Security and
Emergency Management, provide appropriate personnel to assist with the damage
assessment activities associated with the Public Assistance, Individual Assistance,
and Hazard Mitigation programs. They shall also provide personnel to serve on an
Interagency Hazard Mitigation Team or Hazard Mitigation Survey Team, when
requested.

D. State agencies shall, when requested by the Division of Homeland Security and
Emergency Management, provide appropriate personnel to serve on the
Minnesota Recovers Task Force, and be prepared to commit and combine
resources toward the long-term recovery/mitigation effort.

XX. DEPARTMENT OF PUBLIC SAFETY (excerpts from)

Section 2008 The Division of Homeland Security and Emergency Management shall
designate personnel to serve as the State Hazard Mitigation Officer
(SHMO). The SHMO is responsible for ensuring that the hazard
mitigation requirements contained in the federal Stafford Act (Public Law
93-288, as amended) including implementation and administration of the
Hazard Mitigation Grant Program are carried out.
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Section 2009 The Division of Homeland Security and Emergency Management shall
facilitate long-term disaster recovery by maintaining communication and
leading the activities of the Minnesota Recovers Task Force.

Section 2010 The Division of Homeland Security and Emergency Management shall
facilitate hazard mitigation efforts statewide by: coordinating maintenance
of the State All-Hazard Mitigation Plan and working with local
jurisdictions to develop and enhance mitigation plans and projects.

Section 2016 The Division of Homeland Security and Emergency Management shall
provide ongoing coordination of hazard mitigation planning efforts in
Minnesota, to include maintaining a comprehensive, state all-hazard
mitigation plan, and coordinating the preparation of local government
hazard mitigation plans.

As part of the mitigation programs implementation, the Hazard Mitigation Grant Program
(HMGP) is narrated by the Hazard Mitigation Grant Program Administrative Plan and the
Sub-grantee handbook. These documents give directions to sub-grantees regarding
management of their grants. As summary of both follow:

Hazard Mitigation Grant Program Administrative Plan

The state of Minnesota Hazard Mitigation Grant Program Administrative Plan and
Procedures is required as Section 404 of the Robert T. Stafford Disaster Relief and
Emergency Assistance Act, Public Law 93-288 as amended, and the Disaster Mitigation
Act of 2000, Public Law 106-390, establishes a cost-sharing Hazard Mitigation Grant
Program (HMGP) to be used to fund state and local hazard mitigation projects. This
section is closely tied to the post-disaster hazard mitigation plans defined and required in
Section 409 of the Act and the Disaster Mitigation Act of 2000. Sections 322 and 404 in
combination with several other state and federal programs and activities help to form an
overall pre-and-post disaster hazard mitigation strategy for the State of Minnesota and
affected local governments in the state. The purpose of the administrative plan is to
describe the organization, staffing, and procedures the State of Minnesota will use when
implementing the Section 404 Hazard Mitigation Grant Program in both the post and pre-
disaster mitigation environment. This manual is updated to reflect changes in policy,
lessons learned administering the plan and procedures, post disaster after action reports,
and input from the Minnesota Recovers Task Force. This document is updated for each
disaster declaration.

Hazard Mitigation Grant Program Sub-grantee Handbook

As part of the Hazard Mitigation Grant Program (HMGP) process the purpose of the sub-
grantee handbook is both to provide general HMGP information and to summarize
specific sub-grantee responsibilities relative to the program. HMGP is implemented
following a presidential declaration of a major disaster. The program’s objective is to
reduce repetitive losses from natural disasters by funding cost-effective projects intended
to eliminate/reduce future disaster expenditures for the repair/replacement of public and
private property, and for the relief of personal loss, hardship, and suffering. Under the
Section 404 HMGP, Federal Emergency Management Agency (FEMA) hazard mitigation
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monies are provided to the state. In Minnesota, these monies are awarded to the
Minnesota Division of Homeland Security and Emergency Management (HSEM) which
serves as the grantee. Potentially eligible sub-grantees (applicants) include: state and
local governments, certain private non-profit organizations or institutions, and Indian
tribes or authorized tribal organizations.

1.1 Hazard Mitigation Programs

FEMA offers five hazard mitigation assistance programs—although all five programs have
unique statutory authorities, program requirements and triggers for funding, all of the
programs also have the common goal of providing funds to States and local communities
to reduce the loss of life and property from future natural hazard events. In 2009, FEMA
integrated the guidance for the five hazard mitigation programs into one document, the
Hazard Mitigation Assistance (HMA) Unified Guidance.

The HMA grant programs provide funding opportunities for pre- and post-disaster
mitigation. While the statutory origins of the programs differ, all share the common goal
of reducing the risk of loss of life and property due to natural hazards. Brief descriptions
of the HMA grant programs are listed below. For more information on the individual
programs see http://www.fema.gov/government/grant/nma/index.shtm

Hazard Mitigation Grant Program (HMGP)

HMGP assists in implementing long-term hazard mitigation measures following
Presidential disaster declarations. Funding is available to implement projects in
accordance with State, Tribal, and local priorities.

Pre-Disaster Mitigation (PDM)

PDM provides funds on an annual basis for hazard mitigation planning and the
implementation of mitigation projects prior to a disaster. The goal of the PDM program is
to reduce overall risk to the population and structures, while at the same time, also
reducing reliance on Federal funding from actual disaster declarations

Flood Mitigation Assistance (FMA)

FMA provides funds on an annual basis so that measures can be taken to reduce or
eliminate risk of flood damage to buildings insured under the National Flood Insurance
Program (NFIP).

Repetitive Flood Claims (RFC)

RFC provides funds on an annual basis to reduce the risk of flood damage to individual
properties insured under the NFIP that have had one or more claim payments for flood
damages. RFC provides up to 100% federal funding for projects in communities that
meet the reduced capacity requirements
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Severe Repetitive Loss (SRL)

SRL provides funds on an annual basis to reduce the risk of flood damage to residential
structures insured under the NFIP that are qualified as severe repetitive loss structures.
SRL provides up to 90% federal funding for eligible projects.

1.2 Plan Organization

Each section in the plan has been reviewed and updated. The state aims to focus on
natural hazards and projects that make the state and its residents more resistant to
damages. To help accomplish this, a natural hazard specific actions section has been
added. Dam Failure was previously in the infrastructure hazards and has been moved into
the natural hazard section. The overall format of the Plan has been revised and is now
organized in the following sections:

Section One: Introduction Purpose, scope and a description of changes included in the
Plan Update.

Section Two: State Profile Geographic, climatic and demographic characteristics. How
mitigation relates to development trends and climate adaptation.

Section Three: The Planning Process Description of how the Plan was updated utilizing
the new state and federal collaborative risk management group, the Silver Jackets.

Section Four: Hazard Identification This Hazard Identification of the Risk Assessment
identifies and profiles natural hazards. All 20 hazards that potentially affect the state are
described, as is the nature of each hazard, history, location of occurrence, and probability
of future occurrence.

The probability ranking and criteria for mitigation potential and hazard identification and
disposition are based on data from known reliable sources for all 20 hazards and have not
changed for the 2011 plan update. Flooding, Tornadoes, Straight Line Winds and
Wildfire remain the top four natural hazards the state categorizes as having both High
Probability Ranking and High Mitigation Potential Ranking.

Criteria for High Probability Ranking:
e The hazard has impacted the State annually, or more frequently

e The hazard is widespread, generally affecting regions or multiple counties in
each event

e There is a reliable methodology for identifying events and locations
Criteria for Mitigation Potential High Ranking:

e Methods for reducing risk from the hazard are technically reliable

e The state or counties have experience in implementing mitigation measures

e Mitigation measures are eligible under federal grant programs

e There are multiple possible mitigation measures for the hazard

20



MINNESOTA ALL-HAZARD MITIGATION PLAN

Section One: Introduction

e The mitigation measure(s) are known to be cost-effective

e The mitigation measures protect lives and property for a long period of time,
or are permanent risk reduction solutions

Section Five: Vulnerability Assessment This section of the state Risk Assessment
contains the methodology for probability ranking and mitigation potential for natural
hazards in the state. The 2011 update includes the statewide risk assessment for flooding
utilizing HAZUS, a geographic information system based disaster mitigation tool. This
tool enables communities of all sizes to estimate damages and losses from floods to
measure the impact of various mitigation practices that might help to reduce those losses.
The vulnerability assessment for jurisdictions for wildfire, tornadoes and windstorms are
based on past losses. Data sources for estimating potential losses include agricultural
insurance claims and disaster payments for Public Assistance due to Presidential Disaster
Declarations.

The HAZUS methodology is estimates potential damages on state facilities and
jurisdictions due to flooding. The best available data has an inventory of approximately
66%-75% of the state owned facilities. A variety of technical issues has been identified in
the attempt to complete a state facility listing. At this time, the state does not have the
labor to complete this task. Data gathering is ongoing and may be completed for the 2014
Plan update. Assessing vulnerability for state facilities it is difficult to analyze for
tornadoes, windstorms and wildfires as there is no history to base future estimations.

Section Six: Mitigation Strategy Updated mitigation goals, objectives, strategies, and
actions. Natural hazard specific mitigation goals have been added to the Plan. While each
action is linked to one of the six state strategies, the actions are broad enough for any
jurisdiction to utilize them the development mitigation action plans. Assessment of state
and local capabilities, pre- and post-disaster funding programs. The severe repetitive loss
strategy requirement is addressed.

The Inventory of Hazard Mitigation Programs, Policies, and Funding Resources section
provides information on resources available to assist with hazard mitigation planning and
actions. Many organizations have capabilities that may assist local jurisdictions or the
state to increase resiliency to hazards. A comprehensive list of federal, state agencies and
other related organizations that may assist in mitigation projects is included. This section
lists resources that may be used in mitigation research and planning may be used in the
future for mitigation planning.

The Mitigation Strategy states goals, objectives, actions, and projected funding sources to
guide the mitigation program. The State Capability Assessment lists the programs and the
funding sources that are used in statewide mitigation efforts and addresses gaps.

Section Seven: Coordination of Local Mitigation Planning. The integration of local
plans is a new requirement; the state completed a pilot project for submission for this
update. A description of how the state prioritizes local jurisdictions funding and technical
assistance has been revised. This section describes how local mitigation planning and
projects are prioritized, coordinated and funded. Local Funding and Technical Assistance
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is available from the local, state, and federal levels. Local planning capabilities differ but
a lack of capability does not exclude a community from any of the grant programs.

Local Plan Integration portrays the importance of having a FEMA approved and locally
adopted mitigation plan at the time of a disaster. Prior to or shortly after the request for
the declaration of a presidential disaster, the FEMA regional office routinely confirms the
plan status for counties potentially included in the disaster declaration.

Local All Hazard Mitigation Plan update status: as of December 2010, of the 87 counties
in Minnesota, 80 jurisdictions have FEMA approved plans, three are at the state for
review, three are in process, and one is FEMA approved pending adoption. Six counties
have FEMA approved updated all-hazard mitigation plans. Impediments to jurisdictions
lacking funding for plan updates or local match for projects plans and capabilities for
implementing hazard mitigation projects are identified.

Section Eight: Plan Maintenance Process. How the Plan will be monitored, evaluated
and updated during the next three years. How the progress of mitigation planning and
projects will be monitored and by whom.

1.3 HSEM Update

The past three years at Homeland Security and Emergency Management (HSEM) have
been eventful — four presidential disaster declarations and several other severe weather
events occurred. Staffing at HSEM has also been through changes, with the departure of
the State Hazard Mitigation Officer (SHMO) in June of 2010, leave of absences by both
mitigation planners in 2010 and the hiring of a new SHMO in October 2010. A new
position was created in Disaster Response, Recovery and Mitigation Branch at HSEM in
2008, the Disaster Recovery Coordinator.

With the addition of the new Disaster Recovery Coordinator at HSEM the flow of
information between state agencies has improved. The position leads the Minnesota
Recovers Task Force, as a long-term recovery committee at the state level. The state
offers multiple Disaster Response and Recovery Workshops to local emergency
managers and other interested parties. The Coordinator created the Disaster Management
Handbook and the Disaster Recovery Assistance Framework.

The updated Minnesota Disaster Management Handbook is a tool local jurisdictions
are encouraged to utilize in times of disaster. The four phases of emergency management
— mitigation, preparedness, response, and recovery — are ongoing, interdependent, and to
some degree, overlapping. To ignore the actions required by any one of the four phases
jeopardizes the jurisdiction’s overall ability to “manage” disasters and emergencies. The
purpose of the handbook is to provide a variety of tools to help emergency managers
mitigate hazards, prepare for emergencies, and enhance the response and recovery phases
of any emergency. The handbook contains damage and impact assessment forms for the
state, county and local officials. See Appendix A.

Minnesota Disaster Recovery Assistance Framework is another new document
developed for local emergency managers to utilize post disaster. The framework is a
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resource document that provides assistance program information from state, federal,
local, and voluntary agency resources following a disaster. The guide is intended to be of
assistance to government officials and community leaders involved in managing,
organizing, or leading disaster recovery efforts. It provides a comprehensive overview of
the roles, responsibilities, and assistance programs that may be available. The Framework
describes and highlights assistance that is typically available after disasters. See
Appendix B.

1.4 Hazard Mitigation Funding Update

The total funding for Hazard Mitigation Assistance - all FEMA mitigation grants - in the
state of Minnesota for the federal share of 75% of the project totals is $108,062,046. The
breakout for major projects types follows:

A major mitigation activity in the state is the acquisition of flood prone properties.
Property acquisition completely reduces the vulnerability of structures to floods.
Floods are the top natural hazard in the state so reducing removing or elevating
structures in flood prone zones results in less damages to structures, less
economic impact, increases the quality of life after a disaster and saves lives.
1076 properties have been acquired with HMA funding. The federal share for
property acquisition to date is $57,291,530. Eight structures were elevated to
make them less susceptible to flood damage.

Retrofitting or hardening electric distribution lines is another successful project
type in the state. High winds and ice during severe storms make electric power
lines vulnerable to damage. Power outages may last from several minutes up to
several weeks depending upon the severity of the disaster and availability of
repair crews. The impacts of prolonged power outages are business interruption,
livability in residences, and social such as education and elder care. There were
93 projects where electric distribution was buried or reinforced above ground to
become wind and storm resistant. The federal share for this project type is $19,
218,633.

Mitigation plans are required for the state and each jurisdiction to be eligible for
HMA funding. The state received funding for the 2011 Minnesota State All
Hazard Mitigation Plan, eighty-six counties were funded for initial multi-
jurisdictional plans, thirty counties have been funded for the five year review, and
two cities have been funded for both the initial plan and the five year review. Four
tribal communities have received funding for mitigation plans through the state.
They were the Prairie Island Indian Community, Mille Lacs Band of Ojibwe,
Upper Sioux Agency, and the White Earth Reservation. The federal share for
planning to date is $3,594,825.

Floods from rivers and/or substantial rain events result in flash floods that may
cause damage to structures. The basic idea with drainage mitigation is to reduce
vulnerability by moving water away from the flood prone areas or preventing the
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buildup of water on streets or roads. Projects in the drainage category include
improving culverts and storm water drains, mitigation actions to protect water
processing plants, and pumping and lift stations. There were 38 projects involved
with diverting or pumping flood waters to lower the risk of impact to structures
and critical facilities. Federal Share: $14,606,984.

e HMA has funded ten wildfire projects with a federal cost share of $8,696,100.
Wildfire projects protect vulnerable structures in areas where forest fires are a
high risk. Sprinkler system projects saturate the structure and surrounding
vegetation to lower the ignition point for those materials. This results in wildfires
being contained or going around the structure.

A full accounting of federal funding for pre- and post-disaster grants is contained later in
the Plan.

Presidential Disaster Declarations (and other Severe Weather Events) Update

During the revision of this document multiple severe weather events occurred, including
three disaster declarations in 2010 alone. The following disasters and severe weather
events took place since the approval of the previous Plan in April of 2008.

In September of 2010, flooding in southern portion of the state resulted in Presidential
Disaster Declaration DR-1941-MN for 29 counties. In June 2010, DR-1921-MN was
declared for severe storms, tornadoes and flooding for 13 counties throughout the state.
DR-1900-MN was issued on April 19, 2010 following an Emergency Declaration for
flooding for the Red River Valley. Twenty-six counties were included in the disaster
declaration. In the spring of 2009 DR-1830-MN was declared for severe storms and
flooding in the Red River Valley. In the summer of 2008 DR-1772-MN was declared due
to severe storms and flooding for six counties in south central Minnesota. In addition, the
National Climatic Data Center (NCDC) maintains reported 96 flood events (flood and
flash flood) in the state since 2008. The update includes one death, two injuries and
nearly $17 million in property damages and over $13 million in crop damages (as of
August 2010).

In August of 2009, an Enhanced Fujita (EF) Scale EF-0 Tornado hit the southwest area of
the City of Minneapolis, Hennepin County, resulting in $500K in damages. The system
also caused damages in nearby areas resulting in $150K in damages and $75K in crop
damages. On May 25, 2008 a tornado hit the City of Hugo and killed a two-year old
child, seventeen others were injured. While a disaster was not declared for this event, this
F3 tornado is considered a major event in the state. Per the NCDC, there were 74
tornadoes in the past there years resulting in over $44.5 million in property damages and
nearly 3 million in crop damages.

Thirty ‘high wind’ events were reported, however only three events resulted in damages
to property or crops. Thirteen ‘strong winds’ (over 40 knots) were recorded resulting
$12,000 in damage. For the category ‘thunderstorm winds’ 408 events were reported,
resulting in two injuries, $2.758 million in property damages and $2.601 million in crop
losses. These winds are over 50 knots.
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While low pressure is not a state hazard, a record for low pressure in the state was set on
October 26, 2010. The lowest pressure recorded was 28.21 inches at 5:13 pm at Bigfork
in Itasca. The old record was 28.43 inches on November 10, 1998 at Albert Lea. Because
of the lower pressure, water at Bigfork at that moment would boil three degrees cooler
Fahrenheit than at a standard atmosphere of 29.92 inches (209 degrees F instead of 212
degrees F). While there was not abundant moisture with this system, there were some
very strong winds. The peak wind gust reported in Minnesota was 65mph at Georgeville
in Stearns County and Mehurin Township in Lac Qui Parle County.

Five lightning events were reported, two resulting in deaths and others with injuries.
Moderate to severe drought was recorded in the state in the autumn of 2009. There were
871 hail events reported in the past three years. These hail events had damages totaling
$872K for property damages and crop damages of $1.25 million.

The December 10-11, 2010 blizzard is the 5™ largest snowstorm on record for the Twin
Cities since 1891. This snowfall was on top of heavy snow the region received December
3-4. The area received even more snow on December 20-21, 2010.

Multiple extreme cold/wind chill warnings issues during the past three years No property
damages or crops were damages as a result, however two people died due to exposure.
Multiple winter weather events occurred in the past three years, most notably two
blizzards. In December 2008, a blizzard occurred throughout the state, causing Interstate
94 and other roads to close. In April of 2008, another blizzard hit many parts Minnesota,
causing 11,000 Minnesota Power customers to be without power. Many schools and
businesses closed.

Per NCDC there were three wildfires reported. All three occurred in April of 2009. The
first was a controlled burn that grew out of control near the city of Dodge Center in
Dodge County and burned six acres of grass. The other two fires were northeast and
southwest of the city of Rochester in Olmsted County burned respectively, and two acres
and five acres burned.

Hazard Mitigation Planning Update

In an effort to streamline the Hazard Mitigation Grant Program process, FEMA requires
states to develop their mitigation plans before disaster strikes. This allows for two courses
of action. Pre-Disaster Mitigation (PDM) grants are offered so that communities may
mitigate the effects of a hazard prior to a disaster. Communities affected by disaster are
eligible to participate in both HMGP and PDM grants since the mitigation measures are
built into plans to rebuild the community. The 2011 Minnesota All-Hazard Mitigation
Plan meets the FEMA requirement that state mitigation plan be revised every three years
to update hazard and risk analysis in the state. FEMA also has a requirement that local
communities have plans that are revised in five-year cycles to qualify for mitigation grant
funding.

State and local community mitigation plans essentially review the potential hazards in
their respective jurisdictions and how those hazards may affect residents, infrastructure,
services, business and industry. The planning then identifies the priorities and techniques
to mitigate the effects from a particular hazard. Some techniques may be low cost and can
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be done at the local level while other measures may need the assistance of state and
federal funding.

The difference between the Minnesota All-Hazard Mitigation Plan and local (multi-
jurisdictional) plans is that the state plan contains strategies on how to support mitigation
planning and programs statewide. The goals do not recommend specific mitigation
techniques for a specific location but outline support for local governments with technical
assistance and grant funding from state and federal agencies in regards to mitigation
planning and projects. The state program goals also point to how mitigation planning
needs a broad base of input from state agencies, regional development commissions,
universities, private sector and communities.

Since the approval of the State Plan in April of 2008, approximately forty planning
applications have been submitted to FEMA and FEMA V has successfully approved
fifty-four plans. See Appendix C for Planning Grant Status.
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2. STATE PROFILE

2.1 Geographic Characteristics

Minnesota is located in the north central United States. Near the geographic center of
North America, it is bordered on the north by the Canadian provinces of Manitoba and
Ontario, on the west by North Dakota and South Dakota, on the south by lowa, and on
the east by Wisconsin and Lake Superior. Minnesota entered the Union on May 11, 1858,
as the 32nd state.

Figure 1 Minnesota Location Map
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Minnesota covers 86,943 square miles, of which 4,780 square miles are inland waters and
2,546 square miles consist of a portion of Lake Superior under the state's jurisdiction. Of
the 50 states, Minnesota ranks 12th in total land area. From north to south the state
measures 406 miles, and from east to west it measures 358 miles at its maximum extent
and about 180 miles at its narrowest point.

The mean elevation is approximately 1,200 feet. Three areas in the state reach higher than
1,600 feet: the Iron Range (paralleling the north shore of Lake Superior), the Coteau Des
Prairies (also known as Buffalo Ridge), and a small area in the Lake Itasca region. The
highest point in the state is Eagle Mountain in the extreme northeast, at 2,031 feet. The
lowest elevation is 602 feet along the shores of Lake Superior.

The natural environment of the state is broken into three distinct biomes. The coniferous
forest in Minnesota is found in the northern half of the state, but grades into the
deciduous forest then prairie grassland in the northwestern part of the state. The
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Figure 2 Land Cover in Minnesota

Table 1 Land Cover Legend
Description Acreage Percent of state
"I Urban and rural development | 1,472,267 | 2.7
LI cultivated land 22,694,200 | 42
L] Hay/pasture/grassland 4,977,451 |9.2
[_IBrushland 1,326,796 |25
I Forested 14,434,482 | 26.7
[ water 3,211,643 | 5.9
L Bog/marsh/fen 5,728,056 | 10.6
LI Mining 147175 | 0.3
State total 53,992,070 | 100

Source: http://www.mngeo.state.mn.us/chouse/land use.html

deciduous forest biome extended in a diagonal line from the southeastern part of the state
to the northwest. Most of these forests were cleared and converted to farmland during
Minnesota's first 50 years of statehood. The State once had 18 million acres of prairie that
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stretched across the southern portion of the state and northward along the western border.
Like the deciduous forest, the vast majority of the prairie biome has been converted to
agricultural land.

Monitoring Minnesota’s Changing Landscapes has links to historic data, including the
changes in impervious surfaces in the Twin Cities Metropolitan Area and the state.
Available data sets and maps can be helpful to communities to monitor land use and plan.
http://land.umn.edu/quickview_data/index.html.

2.2 Climate

Minnesota has a continental-type climate and is subject to frequent outbreaks of
continental polar air throughout the year, with occasional Arctic outbreaks during the
cold season. Occasional periods of prolonged heat occur during summer, particularly in
the southern portion of Minnesota, when warm air pushes northward from the Gulf of
Mexico and the southwestern United States. Pacific Ocean air masses that move across
the western United States produce comparatively mild and dry weather at all seasons.

Mean annual temperatures range from 36 degrees Fahrenheit (° F) in the extreme north to
49° F along the Mississippi River in the southeast. State temperature extremes range from
-60° to 114° F.

Monthly mean temperatures vary from 85° F in the southwest to -11° F in the northwest.
Mean temperatures during January in the northern portions of the state average near
40°F; this is 10 degrees colder than temperatures recorded at stations near Lake Superior
and in southern Minnesota. The mean temperature in July for the state averages about 70°
F in most places. This is five to 10 degrees warmer than at stations near Lake Superior.
Thus, Lake Superior stations are cool in the summer and relatively warm in the winter.

Although total precipitation is important, its distribution during the growing season is
more significant. For the most part, native vegetation grows for seven months (April to
October) and row crops grow for five months (May through September). During the crop
growing period, approximately two-thirds of the annual precipitation occurs. Mean
annual precipitation is 35 inches in extreme southeast Minnesota but gradually decreases
to 19 inches in the extreme northwest portion of the State. At most locations there have
been months with no precipitation recorded. Statewide, two of the driest years were 1910
and 1976, while two of the wettest were 1965 and 1977.

Seasonal snowfall averages near 70 inches in the highlands along the north shore of Lake
Superior in northeast Minnesota and gradually decreases to 40 inches along the lowa
border in the south and along the North Dakota and South Dakota borders in the west.

Heavy snowfalls of greater than 4 inches are common anytime from mid-November
through mid-April. Heavy snowfalls with blizzard conditions affect the State on the
average about two times each winter.

Conditions of severe drought with an annual Palmer Drought Index of -3 or lower are
expected on the average about once in 10 years in southwest and west central Minnesota,
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to about once in 25 years over eastern Minnesota. The northeast part of the state
experiences severe drought about once in 50 years.

The state of Minnesota has been granted Presidential Disaster Declarations 43 times
between 1965 and 2010 (45 years). Of those declarations, 36 involved flooding. Those
numbers translate into approximately an 80% chance of a major flood annually
somewhere in the state.

2.3 Demographic Characteristics

In the past three years, no additional census data has been updated, resulting in this
version of the state Plan not updating the overall demographics section. When 2010
Census data is available, it will be incorporated into future state Plan revisions.
According to estimates by the U.S. Census Bureau, Minnesota’s population on July 1,
2008 was 5,220,393. The Minnesota State Demographic Center estimates the state’s
population in 2008 to be 5,287,976. This is a 7.49% increase from 2000 to 2008.

Since the 2000 Census, Minnesota has grown by 247,609 people, or 5.0 percent, ranking
19th among states in the number of people added and 23rd in the percent of growth.
Minnesota remains one of the fastest-growing states in the Midwest. Only New
Hampshire, among Northeast and Midwest states, has grown at a faster rate over the past
six years. Minnesota continues to rank among the leading states in income level,
educational attainment, and labor force participation according to a 2007 report from the
Minnesota State Demographic Center.

Minnesota’s rankings include:
1st in home ownership (75.8% owner-occupied)
2nd in labor force participation (72.2% for ages 16 and over)
3rd in high school completion (90.9% for ages 25 and over)
5th lowest poverty rate (9.2% of all people)
9th highest per capita income ($37,373).

Population projections indicate that the strongest areas of growth will remain the outer
ring suburbs within the seven county metropolitan area surrounding the twin cities of
Minneapolis and St. Paul. The seven county metro area is made up of the following
counties: Anoka, Carver, Dakota, Hennepin, Ramsey, Scott, and Washington. 2030
projections also indicate significant growth in the counties immediately adjacent to the
seven county metro area, and in counties across the state possessing high lake densities.
These projections indicate that 79 of the state’s 87 counties will experience population
increases. Six of the eight counties with projected population declines are spread along
the western border of the state, with the other two counties located in southwestern
Minnesota.

The population density per square mile at the county level is illustrated in Figure 3, a
more detailed graphic may be viewed at http://www.gis.leg.mn/pdf/pop/dens00.pdf.
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Figure 3 Population Density per Square Mile
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Minnesota currently ranks 9" in the nation with 19 Fortune 500 Companies. The 19
companies in Minnesota had combined total revenues of $300.7 billion in 2006.
Minnesota's corporations also compete in the private sector. With 11 of the largest private
companies in the country, the state ranks 12th in the Forbes Largest Private Companies
list. One of these companies (Cargill) ranks second with $69.9 billion in revenues. The
largest industries in Minnesota are manufacturing, agriculture, services, wholesale and
retail trade, and finance insurance and real estate. Home health care and community
health care for the elderly are the industries with the highest projected rate of growth over
the next 10 years, while textiles and motor vehicle manufacturing are expected to see the
greatest decline. Data processing services, management and technical consulting, and
scientific research and development are projected to be the fastest growing high pay
industries over the next 10 years. High pay industries are those industries at the 4-digit
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North American Industry Classification System level that have an average weekly wage
higher than the area’s average, and that comprise at least 0.2% of total area employment.

Minnesota’s agriculture has a long history of serving as an economic cornerstone for the
state’s economy. The market value of production was $8,575,627,000, and crop sales
accounted for $4,562,882,000 and livestock sales accounted for $4,012,745,000 of the
total value. The market value of production average per farm was $106,083.

Agriculture supports many other industries, such as manufacturing, transportation,
wholesale and retail trade, services, construction, banking, insurance, and real estate.
Minnesota is the fifth largest agricultural producer in the nation with 80,839 farms
covering 27.5 million acres, generating $9.8 billion. Minnesota ranks first in the nation in
production of sugar beets, turkeys, sweet corn for processing, and green peas for
processing. 80% of agricultural jobs are located off the farm. The economic contribution
of Minnesota’s agricultural industry reaches far beyond the agricultural sector due to the
“multiplier effect”.

*Qutput impact: The “multiplier effect” of Minnesota’s agricultural production
and processing generates $55 billion in economic activities for the state.

*Employment impact: The “multiplier effect” of Minnesota’s agricultural
production and processing supports over 367,000 jobs.

The average size of farm was 340 acres, however the current trend in agriculture in
Minnesota is towards larger farms. Family farms are showing slight declines in numbers,
but many are finding success in organic farming and other specialty niches.

Tourism is also a key section of Minnesota's economy, comparable to agriculture in its
contribution to the gross state product. Leisure and hospitality in Minnesota generates
$10 billion in gross annual sales, and more than $600 million is generated in state sales
taxes. Minnesota's leisure and hospitality industry employs more than 236,000 workers.
The annual number of travelers in Minnesota (28.6 million) is nearly five times the total
population of the state.

2.4 Development Trends

Overall, the state is showing growth in both population and industry. One on-going
challenge associated with this growth is maintaining a balance between development and
natural resource protection. Each community is responsible for ensuring ordinances that
protect residents from flooding, wildfire and other hazards are enforced. Communities
with floodplain ordinances and communities that participate in FireWise are more
resistant to associated hazards. Comprehensive, land-use plans, watershed management
plans and all types of long-term community planning are a local responsibility. Hazard
mitigation plans requiring federal funding aim to give incentives to these communities to
reduce vulnerability to all hazards for existing properties. The state does not dictate how
communities grow; however, the current participation of all counties (some tribes and
some cities) in Minnesota in all-hazard mitigation planning is a positive step towards
making the state and its residents disaster resistant.

33



MINNESOTA ALL-HAZARD MITIGATION PLAN

Section Two: State Profile

In each community, risk assessments are based on past damages to existing structures.
The risk assessment addresses the hazards with the highest potential for loss. Addressing
hazards for the increased potential for flood damages and areas vulnerable to
tornados/winds with intense development pressures is identified for each community
based on its risk assessment.

In addition, counties in the northern portion of the state are encouraged to address growth
and the proximity of (typically second) homes near lakes and in heavily forested areas to
utilize best management practices for the wildland-urban interface, and other thinning
projects, defensible space, and utilization of federally funded sprinklers for wildfire
protection.

The growing population in Minnesota along rivers, lakes and forested areas must be done
with potential hazards in mind. Utilizing land use and comprehensive planning resources
will ensure Minnesota remains safe for its residents, as well as environmentally and
economically sound. It is up to local jurisdictions to enforce existing regulations, and it is
work with communities to develop and grow sustainably, and out of harm’s way, to the
maximum extent possible.

A statewide development trend analysis will be conducted for the 2014 Plan update, as
data from the 2010 census will be available. HSEM will work with the state demographic
center to identify trends in high-risk areas. Loss estimates will be calculated based on
new data.

Figure 4 indicates actual population change from 2006 through 2009. Figure 5 illustrates
projected population growth by percent from 2005 to 2015.
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Figure 4 Population Change 2006 to 2009
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Figure 5 Projected Population Change
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2.5 Climate Adaptation

The United States Global Change Research Program published a report that highlights
potential impacts to the Midwest because of climate change. The federal multi-agency
study results are summarized here:

e During the summer, public health and quality of life, especially in cities, will be
negatively affected by increasing heat waves, reduced air quality, and increasing
insect and waterborne diseases. In the winter, warming will have mixed impacts.

e The likely increase in precipitation in winter and spring, more heavy downpours,
and greater evaporation in summer would lead to more periods of both floods and
water deficits.

e While the longer growing season provides the potential for increased crop yields,
increases in heat waves, floods, droughts, insects, and weeds will present
increasing challenges to managing crops, livestock, and forests.

e Native species are very likely to face increasing threats from rapidly changing
climate conditions, pests, diseases, and invasive species moving in from warmer
regions.
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For the full report, see:

www.globalchange.gov/publications/reports/scientific-assessments/us-impacts/regional -
climate-change-impacts/midwest

The state of Minnesota has developed an Interagency Climate Adaptation Team. Staff
from Public Safety participated, including Hazard Mitigation staff. This is a topic of
growing interest for the state and mitigation staff and will be addressed as necessary.
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3. PLANNING PROCESS

Requirement 8201.4(c)(1): [The State plan must include a] description of the planning
process used to develop the plan, including how it was prepared, who was involved in the
process, and how other agencies participated.

The State All Hazard Mitigation Plan (Plan) update began with the securing of federal
fiscal year 2009 Pre-Disaster Mitigation (PDM) funding for a statewide flood risk
analysis utilizing HAZUS Multi-Hazard risk assessment software. As indicated in the
2008 Plan, “One action item that will have a major impact on the planning process for the
2011 Plan will be the addition of a mitigation planner, equipment, and training to run
HAZUS. Once training is completed a level 1 and Il analysis will be available for risk
assessments for each of the top hazards.”

Each section of the Plan was reviewed and revised by state hazard mitigation staff and
multiple state and federal agency staff. The newly formed Minnesota Natural Hazards
Risk Management Team aka Silver Jackets were the leading committee to review the
Plan and provide input. The Membership on the Silver Jackets team includes members of
federal and state agencies. The Emergency Preparedness and Response Committee
(EPRC) also reviewed the Plan. An opportunity for the public, businesses and other
organizations to review and comment will be provided during the posting of the Plan on
the MN HSEM website.

3.1 Timeline of 2011 Plan Update

April 23, 2008 Minnesota All-Hazard Mitigation Plan approved.
June 25, 2008 DR-1772-MN declared from severe storms and flooding.
June 2008 HSEM partners with the Polis Center and University of Minnesota

at Duluth (UMD) - Geographic Information Sciences Laboratory
(GISL) to develop a project plan for the statewide HAZUS flood
loss estimate report.

October 28, 2008 HSEM mitigation planner meets with five Regional Development
Commissions for HAZUS education and to determine what is
needed for local mitigation plans.

December 2008 HSEM submits PDM application for statewide HAZUS flood loss
estimate.

April 9, 2009 President Declares Disaster DR-1830-MN for flooding in Red
River Valley.

October 27, 2009 EPRC meeting. HSEM mitigation planner presented information
on statewide flood risk assessment -HAZUS study.

November 19, 2009 Silver Jackets Meeting — Kickoff meeting. The group will become
the lead for the State Mitigation Plan update.
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December 1, 2009

December 1, 2009

December 2, 2009

December 18, 2009

January 7, 2010
January 28, 2010

February 9, 2010

February 10, 2010
March 31, 2010

April 19, 2010
May 14, 2010

May 18, 2010

June 21-24, 2010

June 23, 2010

July 2, 2010

SHMO attended Regional Silver Jackets meeting in Indiana and
discussed formation of group and its role in updating the state Plan.

MN HAZUS Statewide Flood Analysis Kickoff Meeting for state
agencies in St. Paul. The project was presented and requests for
data were made to state agencies and the Minnesota State College
and Universities (MnSCU).

MN HAZUS Statewide Flood Analysis Training at University of
Minnesota-Duluth (UMD). This was a HAZUS technology transfer
from the Polis Center to GISL.

Silver Jackets Meeting — Review outline of state Plan, it will
follow crosswalk requirements.

USACE Flood Meeting — Levee Inventory.

Silver Jackets Meeting — Section 4 Hazard Analysis and Section 5
Risk Assessment handed out for review.

Polis, GISL, and HSEM met to finalize the method of completing
the county HAZUS flood loss estimate reports, the state HAZUS
report, and the maps for the state mitigation Plan. These agencies
met with state agencies to review the Plan and to confirm data
sources.

Silver Jackets Meeting — Focus on flood forecasting and pending
disaster.

Interview potential intern to work on state plan — later found to be
not eligible for hire.

Disaster DR-1900-MN declared for flooding.

Silver Jackets Meeting: Section 4 Hazard Analysis and Section 5
Risk Assessment handed out for review along with Actions
section. Previous occurrences and natural hazard sections updated.
Input for flood and wildfire section incorporated into update.

Meeting with All Hazard Planning Section of HSEM regarding
updates to “other hazards” utilizing the Minnesota Emergency
Operations Plan (MEOP), Comprehensive Preparedness Guide
(CPG 101) and Nationwide Plans Review 2010 Matrix.

USACE Flood Risk Management and Silver Jackets Combined
Spring Workshop.

Silver Jackets Meeting — discuss most current severe weather
events — disaster. Begin work on tasks or “Work Plan” for
implementation.

Tornadoes, severe storms and flooding lead to Disaster Declaration
DR-1921-MN.
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July-September 2010 HSEM staff work with MnGeo staff on Local Plan Integration

July 14, 2010

August 1, 2010

August 3, 2010
August 18, 2010
August 2010

September 15, 2010
October

October 13, 2010
November 29, 2010

December 15, 2010

January 7, 2011

January 7, 2011

January 14, 2011

section of Plan.

Silver Jackets Meeting. Review Indiana State All Hazard
Mitigation Plan. Develop technical and education subcommittees
to address items in draft Work Plan.

The HAZUS flood loss estimate project is interrupted by the state
mitigation program. The county loss estimate reports were
complete at this time. The PDM-09 was closed and a new
application for funding under DR-1830 was sent to FEMA. This
was done to fund work for the state Plan to be done by the
Minnesota Geospatial Information Office (MnGeo). Only the state
report and maps remained.

EPRC meeting — HSEM mitigation planner presents overview of
State All-Hazard Mitigation Plan and update.

Silver Jackets meeting. HSEM provides update on State Plan,
specifically local plan integration section.

Silver Jackets subcommittee reviews and updates goals, strategies
and actions sections.

Silver Jackets meeting. Discuss Work Plan development.

New Hazard Mitigation Program Administrator/State Hazard
Mitigation Officer hired.

Severe flooding due to rainstorms lead to declaration of DR-1941
for 22 counties in the state.

The agreement between HSEM and MnGeo takes effect and
update of the risk assessment begins.

Silver Jackets meeting. Goals and action items updated, funding
sources section to be updated. Target dates for review and Plan
finalization.

Contracts for Polis and GISL approved and work commenced
on the HAZUS flood loss estimate for the State Mitigation Plan.

Silver Jackets meeting. Group reviewed the prioritization and
ranking of project types. Priorities for state have not changed.
Flooding remains highest hazard due to the amount of annual
damages and mitigation potential. Tornados and windstorms also
remain high priority due to recent events. Wildfire is still high
priority even thought there has not been a catastrophic wildfire in a
few years. The State Capability Assessment was reviewed and
updated by the group.

Real Time Flood Modeling webinar at HSEM with Central
HAZUS Users Group, Polis Center and USGS. Demonstrate
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research done over the past two years as part of a collaborative
project done by the Indiana Silver Jackets on the use of the
HAZUS-MH tool. Review web-based tool that is anticipated to be
available for real-time analysis in the near future. The purpose of
this research was to derive a methodology for producing rapid and
credible estimates of flood losses based on credible local structure
and hazard data.

January 18, 2011 EPRC meeting — The non-natural/other hazards section given to
committee for review. The overall review was positive with only
minor typographical errors cited.

January 21, 2011 The final version of the Minnesota Flood Risk Assessment Report
and associated maps are approved. The county reports are in the
process of being transferred to HSEM. Information seminars with
state and county agencies are in the process of being scheduled.

February 1, 2011 Submit Plan to FEMA V for review.

February 2011 Post Plan on HSEM website for public comment, publicize
availability via Department of Public Safety Facebook.

March 2011 Review and incorporate changes to Plan and resubmit to FEMA V
for approval — if required.

April 2011 Obtain Governor’s and other state agencies Commissioners
signatures. Submit signatures to FEMA V.

3.2 Agency Coordination

Requirement 8§201.4(b): The [State] mitigation planning process should include
coordination with other State agencies, appropriate Federal agencies, and interested
groups.

Mitigation plans, policies and programs are directed by federal legislation (CFR 44
Emergency Management and Assistance), and Executive Orders (19988 and 19900). The
state takes its role very seriously regarding emergency management. HSEM and other
state agencies that participate in preparedness, recovery, response and mitigation abide by
the following policies and executive orders. The Governor’s Executive Order is in
Appendix D. This policy indicates the importance of coordination with federal, other
state agencies and locals in emergency management.

The MN State Statute Chapter 12 Emergency Management Policy Declaration (12.02):

It is further declared to be the purpose of this chapter and the policy of the state
that all emergency management functions of this state be coordinated to the
maximum extent with the comparable functions of the federal government,
including its various departments and agencies, of other states and localities, and
of private agencies of every type, to the end that the most effective preparations
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and use may be made of the nation's labor supply, resources, and facilities for
dealing with any disaster that may occur.

Governor’s Executive Order, Section 1864

HSEM shall have overall responsibility for supporting both local government
emergency operations planning and all-hazards mitigation planning. This
responsibility includes the development and maintenance of prototype emergency
operations plans, mitigation plans and supporting documents, as well as planning
requirements guidance.

The following interagency groups exemplify how planning goals can be achieved and
how mitigation planning and project implementation can be integrated into existing
efforts.

Minnesota Natural Hazard Risk Management Team aka Silver Jackets

The newly formed Minnesota Natural Hazards Risk Management Team aka Silver
Jackets was the leading committee to review the Plan and provide input. Membership on
the Silver Jackets team includes members of federal and state agencies. The name Silver
Jackets comes from the different colored jackets, which various agencies wear when
responding to disasters, such as, USACE personnel wear red and FEMA personnel wear
blue. The “Silver” Jackets represents a unified interagency team. While Silver Jackets
typically provide information on flooding, the Minnesota group is all-hazard oriented.
The Silver Jackets website holds meeting minutes and contact information at
http://www.nfrmp.us/state/factMinnesota.cfm. Core agencies and representatives include:

e U.S. Army Corps of Engineers
o St. Paul District & Regional — Terry Zien
o0 National — Jennifer Dunn
e Federal Emergency Management Agency
0 Region V Hazard Mitigation Officers — Morgan Holloway
e National Flood Insurance Program
0 Region V —John Devine
e Minnesota Homeland Security and Emergency Management
0 Hazard Mitigation Program Administrator and Planners — Jim Russell, Jim
McClosky, Jennifer Nelson
o0 Disaster Recovery Coordinator - John Moore
o0 Individual Assistance and Community Education and Outreach
Coordinator — Brian Curtice
e Minnesota Department of Natural Resources
o0 Water and Ecological Resources — Pat Lynch, Ceil Strauss, Suzanne
Jiwani
o Dams - Jason Boyle
e U.S. Geological Survey — James Fallon, Dave Lorenz
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National Weather Service

o0 Twin Cities — Diane Cooper

o LaCrosse, Wisconsin - Mike Welvaert
Minnesota Department of Labor and Industry — Bill Mesaros
Minnesota Board of Water and Soil Resources — Al Kean
Minnesota Department of Commerce - Tina Armstrong, Robert Commodore
U.S. Department of Agriculture - National Resource Conservation Service — Pete
Cooper

The Minnesota Silver Jackets was born out of the Regional Flood Risk Management
Team (RFRMT). The Regional Team aims to integrate pre-flood mitigation with a long-
term strategy to plan and implement pre- and post-flood emergency actions, while
developing promising nonstructural alternatives and other flood risk mitigation actions
recognized to reduce future flood risk within the region. In order to fully understand the
Silver Jackets, it is imperative to understand the regional and national connections.

Goals of the RFRMT:

Carry out flood risk and watershed management programs and activities that
complement existing mitigation activities;

Ensure that initiatives encompass federal, tribal, state, and local, programs and
authorities from a holistic or systemic approach, with the objective to minimize
risk to life, property, and agriculture, and protect natural resources in a reasonable
and cost-effective manner;

Ensure that both potential Structural Alternatives and Non-Structural Alternatives
that have regional merit receive consideration;

Lead a collaborative, comprehensive, and sustainable regional flood risk
management strategy to improve public safety, reduce flood damages, and reduce
holistic flood risk;

Ensure vertical (national/tribal level to state level) and horizontal (interstate)
communication and information sharing, to include developing a comprehensive
intergovernmental approach to flood risk management planning, policies, and
activities;

Provide oversight of regional activities in consonance with the National Flood
Risk Management Program;

Pursue potential funding mechanisms from the represented agencies in order to
address other requirements impacting the integrity of flood risk management
systems and/or comprehensive study efforts within the flood affected areas
(including upstream and downstream);

Develop, implement, and maintain an effective Interagency Public Outreach
Program through a comprehensive communication and FRM policies and
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priorities education strategy to local governments, communities, and those who
have property at flood risk; and

e Grow in understanding of state long-term mitigation plans, and enable the
implementation of those plans.

Minnesota Recovers Task Force

The Minnesota Recovers Task Force (MRTF) formed in response to the Great Flood
of 1993, when the Mississippi and Missouri Rivers and their tributaries overflowed,
causing one of the most costly and devastating floods in the history of the United States.
The task force’s purpose is to combine government resources toward long-term recovery
efforts and hazard mitigation activities. The MRTF helps get funds and assistance
directly to those areas most affected by a recent disaster. This approach is an example of
how funds, ideas and resources can cross agency and political boundaries to accomplish
mitigation actions. Based on type, severity and extent of disaster, different subcommittees
are formed to assist individuals and communities in need.

Following a major disaster, state disaster relief funds MAY be allocated to assist local
units of government in their disaster recovery. These funds are appropriated to address
those needs, which are not met by other disaster assistance programs. In a presidentially
declared disaster, this is typically grant assistance from the FEMA Public Assistance and
Individual Assistance Programs, and loan assistance from the Small Business
Administration.

Funds are typically allocated to the different state agencies, and their programs, to
acquire and to better publicly owned land and buildings and for other public
improvements of a capital nature.

In some instances, funds may become available to assist local homeowners, businesses,
and non-profit organizations. In these cases, the impact on the community will be
weighed when funding decisions are made. The local unit of government should apply on
behalf of these groups when a significant impact exists.

While this group is mainly recovery focused, mitigation actions are often funded,
including acquisitions and drainage and infrastructure improvements. Funding the local
match for mitigation projects has been a priority for the subcommittee as the local share
has been identified as an unmet need for many communities post-disaster.

The Presidential Disaster Declarations DR-1921-MN and DR-1941-MN for flooding in
southeastern Minnesota brought together the Housing, Infrastructure, Mitigation/Natural
Resources, Business and Human Services subcommittees. Subcommittees formed, met
and reported to the task force as a whole. For Disaster DR-1830-MN, the task force
convened, however, only the Mitigation/Natural Resources subcommittee met. Disasters
DR-1772-MN and DR-1900-MN did not lead to additional state funding, however the
task force met informally to address unmet needs.

Emergency Preparedness Response Committee (EPRC)

HSEM Program staff serves as the chair of the State Emergency Preparedness and
Response Committee (EPRC), whose members represent the state agencies that have key
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emergency responsibility assignments. The Committee is all-hazard in scope. HSEM
utilizes the EPRC to help coordinate a variety of State agency emergency preparedness-
related tasks. The EPRC also facilitates inter-and-intra-agency cooperation.

Each state agency cited in Executive Order 07-14 designates a member of its staff as its
emergency preparedness response contact/coordinator (EPRC/C). The EPRC/C is a point
of contact for the Emergency Preparedness and Response Committee (EPRC). The
Division of Homeland Security and Emergency Management coordinate the activities of
the EPRC to ensure the state responds appropriately and immediately to any type of
disaster that occurs in Minnesota and in the nation. Each department is required to have
their own emergency plan. The EPRC also reviews overall state plans then recommends
the plan to their commissioner for approval. These state plans include the Minnesota
Emergency Operations Plan (MEOP) and the Minnesota All Hazard Mitigation Plan. A
contact list and procedures that are used to activate the State Emergency Operations
Center (SEOC) are also reviewed by the EPRC. The members of the EPRC usually
represent their department in the SEOC when activated to make sure state response
activities are coordinated and that information is being shared between departments and
the governor. Representatives from state agencies on the committee include:

e Administration e Labor & Industry

e Agriculture e Metro Transit

e Board of Animal Health e Military Affairs

e Commerce e Natural Resources

e Corrections e Pollution Control Agency

e Disability Council e Public Safety- Fire Marshal

e Education e Public Safety- Pipe Line Safety
e Employment and Economic e Public Safety - State Patrol

Development (DEED)
e EMS Regulatory Board

e Office of Enterprise Technology

e Revenue
e Minnesota Management and
Budget

e Health

e Housing Finance

e State Colleges and Universities
e Transportation
e University of Minnesota

. e Board of Water & Soil Resources
e Human Services

e Judicial Branch

The EPRC contact list is in Appendix E.
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3.3 Program Integration

Requirement 8201.4(b): [The State mitigation planning process should] be integrated to
the extent possible with other ongoing State planning efforts as well as other FEMA
mitigation programs and initiatives.

Integration of current planning efforts taking place throughout the state and coordination
of these and other local efforts are two keys in creating effective, thorough and accurate
plans. Isolated planning efforts can result in redundancies and lost opportunities, not to
mention the loss of valuable financial resources. It is important to identify possible areas
of overlap between agencies and groups that work directly or indirectly with mitigation.
This recognition process can result in partnerships or at the very least, can lay the
foundation for ideas to be shared.

Of the 87 counties in Minnesota, 80 counties have FEMA approved plans. The remaining
jurisdictions are in various stages of developing multi-jurisdictional all-hazard mitigation
plans. These local plans are consistent with and incorporate information from this Plan.
Local hazard mitigation plans are encouraged to incorporate other local planning
mechanisms, thus providing a unified mitigation strategy throughout all levels and
aspects of government within Minnesota. Counties are encouraged to review the state
Plan and utilize resources as a starting point for creating their plans.

It is sometimes hard to identify such integrated efforts as outlined here because the
concept of mitigation remains an elusive topic for many. An agency may in fact be
involved in activities that support mitigation but they may not readily recognize, or place
a label on their actions. This is why mitigation planning and outreach is so important: to
get these isolated efforts going in the same direction so that combined benefits can be
realized through the existing communities and task forces.

The following programs reinforce the idea of integration and coordination in planning for
hazard mitigation.

FEMA Public Assistance Section 406 Mitigation

Recently, Public Assistance (PA) Mitigation Section 406 has become a higher priority for
the state. For the past three disasters, 406 mitigation data was available:

1. For DR-1830-MN Public Assistance 406 Mitigation, proposed amount is
$1,708,412 from 667 projects. The vast majority of protect worksheets were for
Category C — Roads and Bridges.

2. Of the 124 mitigation proposals for DR-1900-MN the majority were Category
C, 11 project worksheets were for Category D - Water Control Facilities and a
few project worksheets were written up for Category G-Parks, Recreational and
Other. The total 406-mitigation proposal amount was $3,208,043.

3. DR-1921-MN PA 406 Mitigation proposal funding is $1,463,841 for 56
projects. $1,082,338 is for one utility mitigation project. Further detail regarding
406 mitigation projects is available
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State Homeland Security Assessment and Strategy Initiative

Every opportunity is taken by the state to coordinate mitigation proposals with other
program processes or initiatives. Such an opportunity came with the recent State
Homeland Security Assessment and Strategy Initiative that is designed to get
communities to assess their risk to possible terrorist threats. A key component of this
effort is an online risk assessment tool. Even though this risk assessment only focused on
one hazard—terrorism—communities could conduct a natural hazards risk assessment at
the same time they conduct the terrorism risk assessment. Twenty-six counties were
solicited to conduct such a process.

Urban Areas Securities Initiatives (UASI)

The 12 metro jurisdictions that fall within the Urban Areas Securities Initiatives recently
began work on a holistic risk and capabilities management competency. Utilizing a
secure web portal interface, the Twin Cities Urban Area will have an improved
understanding of risk, program operations and capabilities. By the end of the first quarter
of 2011 a capabilities assessment and gap analysis utilizing detailed hazard analysis and
evaluation for critical infrastructure/key resources data will be completed, thus enabling
them to apply their lessons learned to a mitigation plan.

Minnesota Emergency Operations Plan (MEOP)

The MEOP is an obvious planning document that shares a similar interest with the State
All-Hazard Mitigation Plan. Here, short-term recovery decision-making associated with
emergency operations, can lead to implementing mitigation strategies aimed at reducing
long-term risk to human life and property.

National Incident Management System (NIMS)

An example of an integrated planning effort is the National Incident Management
System. NIMS is designed to integrate local, state and federal resources during a
response. This system is used daily in Minnesota to coordinate emergency response
between the fire service, law enforcement, and emergency medical services. Incidents
and disasters of larger scale may require response from mutual aid organizations and/or
more vertical integration of state and federal agencies.

Minnesota Building Codes and Standards

Another planning link can be seen with the Minnesota Department of Labor and Industry,
Construction Codes and Licensing Division who administers the Minnesota State
Building Code - Statutory Authority (16B.59 - 16B.75) that sets construction standards to
assure the health, safety, comfort and security of building occupants.

One important planning document that comes out of this office is the Disaster
Preparedness Manual, A Guidebook for Minnesota Building Officials produced by the
Disaster Mitigation Committee of the North Star Chapter. Included in this document are
creative mitigation measures that surround building code enforcement.

Unfortunately, not all counties have chosen to adopt the state’s building code. 422 cities
and 20 counties have adopted the building code. Insurance companies do take note of
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communities that do have an adopted and enforced building code and make insurance
rate adjustments accordingly.

Minnesota State Fire Code

The Minnesota State Fire Code is administered by the Department of Public Safety, State
Fire Marshal Division. Statutory authority for the code is contained in Minnesota Statutes
299F.011. The code is based on the International Code Council's (ICC) International Fire
Code (IFC), as amended for Minnesota. A link to the Minnesota amendments to the IFC,
and information about the State Fire Code, can be found at www.fire.state.mn.us. The
code contains requirements for fire safety hazard mitigation in new construction, as well
as fire safety system maintenance requirements which are in force throughout the life
of structures.

The Minnesota Department of Natural Resources has many programs that work
toward making Minnesotans more disaster resilient. The State has several funding
programs available to local jurisdictions to address the state’s number one natural hazard
— flooding. These funds are primarily from various federal grant programs. Currently, the
state uses the HMGP and PDM FEMA programs and the MN DNR Flood Damage
Reduction (FDR) Program.

The Flood Damage Reduction Grant Assistance Program was created by the
Minnesota Legislature in 1987 to provide technical and financial assistance to local
government units for reducing the damaging effects of floods. Under this program the
state can make cost-share grants to local units of government for up to 50 percent of the
total cost of a flood mitigation project. The goal of existing regulations and programs for
flood damage reduction is to minimize the threat to life and property from flooding. In
addition to property loss, people can be killed or injured fighting flood waters. The efforts
of local governments to enforce their zoning ordinances and to sponsor projects and
acquire or relocate flood prone buildings have helped to reduce risk to lives and flood
damages.

Currently, two different classes of grants are available through the FDR program. Small
grants are for projects with a total cost of less than or equal to $300,000 (state share less
than $150,000). Small grants are made directly by the DNR from funds appropriated by
the Legislature. Large grants are for projects with a total cost greater than $300,000 (state
share greater than $150,000). Large grant applications are received and prioritized by the
DNR and then presented to the governor and the Legislature for consideration in a capital
bonding bill.

Examples are as follows:

Each jurisdiction must enforce its own zoning rules and regulations which includes
floodplain management. The State cannot enforce these regulations; it is up to the local
jurisdiction.

Each jurisdiction chooses whether or not to adopt building codes and is responsible for
enforcing building codes. The State of Minnesota has adopted a statewide building code
but there are only a few counties that have adopted them.
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The Minnesota Department of Natural Resources Division of Ecological and Water
Resources has developed a model ordinance for floodplain management, which provides
the minimum requirements an NFIP participating jurisdiction must enforce. This model
encourages community development outside of the floodplain and assists in managing the
current floodplain.

Note: MN DNR Division of Ecological and Water Resources is the integration of the
former Divisions of Waters and Ecological Resources, as of February 2009.

Additional DNR programs that have proven to be successful are illustrated below.
NFIP Coordination in MN

The MN DNR Division of Waters and Ecological Resources is the state coordinating
agency for the National Flood Insurance Program (NFIP). State statutes and rules have
been adopted that are more restrictive than the federal standards in many respects. DNR
Waters works with the zoning authorities around the state to adopt compliant ordinances,
and provides training and technical assistance.

There are 533 participating communities, of which 85 are counties and most of the rest
are cities. A total of 101 cities have FEMA maps that identify high flood risk areas, but
are not participating.

Cooperating Technical Partners (CTP)

The Cooperating Technical Partner (CTP) program allows for more local direction and
input during the remapping process, and typically allows for more updated studies or data
to be incorporated into the updated maps. The following are CTP with FEMA - State of
Minnesota, Washington County, Clay County, Dakota County, Scott County, Sherburne
County, and Goodhue County. The following have CTP grants through DNR Waters -
Carver, Olmsted, and Meeker. Since 2008 Norman County and the Red Lake River
Watershed District have received CTP grants through the DNR.

Risk Mapping, Assessment and Planning - Risk MAP

The vision for Risk MAP is to deliver quality data that increases public awareness and
leads to action that reduces risk to life and property. Risk MAP builds on flood hazard
data and maps produced during the Flood Map Modernization (Map Mod) program.

The planning process is a very important part of how coordination and integration of
mitigation occurs. In the next section, the Minnesota Risk Assessment is conducted. All
natural hazards that occur in Minnesota are described, along with past occurrences. Based
on the hazard profiles, vulnerability is assessed by jurisdiction.
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4. RISK ASSESSMENT: IDENTIFY AND PROFILE HAZARDS

8201.4(c)(2): [The State plan must include a risk assessment] that provides the factual
basis for activities proposed in the strategy portion of the mitigation plan. Statewide risk
assessments must characterize and analyze natural hazards and risks to provide a
statewide overview. This overview will allow the State to compare potential losses
throughout the State and to determine their priorities for implementing mitigation
measures under the strategy, and to prioritize jurisdictions for receiving technical and
financial support in developing more detailed local risk and vulnerability assessments.
201.4(c)2)(i) — The risk assessment shall include an overview of the type of all natural
hazards that can affect the state.

This section of the Plan is a result of a risk and vulnerability assessment conducted for
the State of Minnesota. The risk assessment is part of the State Hazard Mitigation Plan
and is intended to support the State’s long-term hazard mitigation planning efforts. It was
prepared to satisfy the requirements of the Disaster Mitigation Act (DMA) of 2000 and to
provide a statewide overview of natural hazards and their risks. This Plan also assesses
human-caused hazards such as; fire, hazardous materials spills, and, radiological, critical
infrastructure failure, and water supply contamination.

The framework of the risk assessment was developed to provide a basis for activities
proposed during the State’s mitigation planning effort and should be used by state and
local officials to plan and prioritize resource allocations. The risk assessment results
should be used to identify and prioritize appropriate mitigation actions to minimize
potential losses from hazards identified in this study.

The hazards profiled in the Minnesota Risk Assessment were selected from the
comprehensive list of natural hazards FEMA identified in the 1997 publication, Multi-
Hazard ldentification and Risk Assessment: A Cornerstone of the National Mitigation
Strategy (MHIRA).

The original risk assessment was based on input from published sources such as the U.S.
National Oceanographic and Atmospheric Administration (NOAA), the U.S. Geological
Survey (USGS), the U.S. Army Corps of Engineers (USACE), the U.S. Department of
Agriculture (USDA), the Minnesota Department of Natural Resources (MNDNR), and
the Minnesota Division of Homeland Security and Emergency Management, among
others.

This portion of the Risk Assessment identifies and profiles natural hazards. All 20
hazards that potentially affect the state are described, as is the nature of each hazard,
history, location of occurrence, and probability of future occurrence.

The probability ranking and criteria for mitigation potential and hazard identification and
disposition are based on data from known reliable sources for all 20 hazards and have not
changed for the 2011 Plan update. Flooding, Tornadoes, Straight Line Winds and
Wildfire remain the top four natural hazards the state categorizes as having both High
Probability Ranking and High Mitigation Potential Ranking.
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Criteria for High Probability Ranking:

The hazard has impacted the State annually, or more frequently The hazard is
widespread, generally affecting regions or multiple counties in each event

There is a reliable methodology for identifying events and locations

Criteria for Mitigation Potential High Ranking:

Methods for reducing risk from the hazard are technically reliable

The state or counties have experience in implementing mitigation measures

Mitigation measures are eligible under federal grant programs

There are multiple possible mitigation measures for the hazard

The mitigation measure(s) are known to be cost-effective

The mitigation measures protect lives and property for a long period of time,

or are permanent risk reduction solutions

The 2011 Plan update did not add or withdraw any hazards. Dams were moved from the
other hazard section to the natural hazard section due to the impact water has on the
environment in the case of a dam or levee failure — flooding. FEMA Region V released
the Merged Levee Inventory (MLI) in March 2011. Levee failure as a hazard was not
analyzed for the 2011 plan, but will be in the 2014 Plan update.

Based on the above sources, historical data, public perception and technical requirements,

the following 20 hazards were considered for analysis:

Natural Hazards °

Flooding o
Wildfire .

Windstorms

Tornadoes

Drought
Extreme Temperatures

Dam Failure (moved from Other
Hazards)

Other Hazards:

Hail
Lightning

Coastal Erosion

Severe Winter Storms
Landslide

Sinkholes & Land Subsidence
Earthquake

Water Supply Contamination
Fire (structural)
Hazardous Materials

Nuclear Accidents (uncontrolled
releases of radioactive materials)

Infectious Disease

Infrastructure Failure

The DMA of 2000 and supporting requirements in the Interim Final Rule (IFR) requires
States to first identify hazards that may affect them, perform a comprehensive multi-
hazard assessment, which includes a review of detailed information concerning hazard
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characteristics, past occurrences and probability of future occurrences. The initial hazard
identification cataloged potential hazards statewide and determined which have the most
chance of significantly affecting the State and its citizens. The hazards include those that
have occurred in the past as well as those that may occur in the future. A variety of
sources were used in the investigation, as noted earlier.

The following sections provide information on the nature of each hazard that the State of
Minnesota is susceptible to, a history of the hazard in the state and the probability of its
occurrence in the future.

4.1 Natural Hazards

Requirement §201.4(c)(2)(i): [The State risk assessment shall include an overview of
the] location of all natural hazards that can affect the State, including information on
previous occurrences of hazard events, as well as the probability of future hazard events,
using maps where appropriate.

The Minnesota Risk Assessment examines natural disasters on a statewide basis and for
individual counties. Natural hazards include those caused by climatological, geological,
hydrological, or seismic events. Natural hazards are natural events that threaten lives,
property, and other assets. Often, natural hazards can be predicted. They tend to occur
repeatedly in the same geographical locations because they are related to weather patterns
or physical characteristics of an area. Natural hazards such as flood, fire, tornado, and
windstorms affect thousands of people each year.

Natural disasters have the potential to affect all of Minnesota, including agricultural
producers, farmers and other rural residents. The Department of Agriculture has disaster
assistance available for such needs. Agricultural disasters often affect large geographic
areas, from multiple counties to multiple states. Many disasters are multiple hazards, such
as tornado, high winds, heavy rains and hail. In addition, dates of disaster designation
may be effective for months, in the case of drought.

This section will outline the natural hazards identified through the risk assessments. The
natural hazards are as follows:

e Flooding e Landslide

e Wildfire e Sinkholes & Land Subsidence
e Tornadoes e Earthquake

e Windstorms e Drought

e Hail e Extreme Temperatures

e Coastal Erosion e Lightning

e Severe Winter Storms

e Dam Failure
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Flooding

Flooding is the accumulation of water within a water body (e.g., stream, river, lake, and
reservoir) and the overflow of excess water onto adjacent floodplains. Floodplains are
lowlands, adjacent to water bodies that are subject to recurring floods. Floods are natural
events that are considered hazards only when people and property are affected.
Nationwide, hundreds of floods occur each year, making it one of the most common
hazards in all 50 states and U.S. territories (FEMA, 1997).

There are a number of categories of floods in the U.S., including the following:

e Riverine flooding, including overflow from a river channel, flash floods, alluvial
fan floods, ice-jam floods, and dam break floods

e Local drainage or high groundwater levels
e Fluctuating lake levels

e Coastal flooding, including storm surges

e Debris flow

e Subsidence

The most common type of flooding event is riverine flooding, also known as overbank
flooding. Riverine floodplains range from narrow, confined channels in the steep valleys
of mountainous and hilly regions, to wide, flat areas in plains and coastal regions. The
amount of water in the floodplain is a function of the size and topography of the
contributing watershed, the regional and local climate, and land use characteristics. In
steep valleys, flooding is usually rapid and deep, but of short duration, while flooding in
flat areas is typically slow, relatively shallow, and may last for long periods of time.

The cause of flooding in large rivers is typically prolonged periods of rainfall from
weather systems covering large areas. These systems may saturate the ground and
overload the rivers and reservoirs in numerous smaller basins that drain into larger rivers.
Localized weather systems (i.e., thunderstorms), may cause intense rainfall over smaller
areas, leading to flooding in smaller rivers and streams. Annual spring floods, due to the
melting of snowpack, may affect both large and small rivers and areas.

While there is no sharp distinction between riverine floods, flash floods, ice jam floods,
and dam-break floods, these types of floods are widely recognized and may be helpful in
considering the range of flood risk and appropriate responses.

Flash flood is a term in wide use by experts and the general population, but there is no
single definition or clear means of distinguishing flash floods from other riverine floods.
Flash floods involve a rapid rise in water level, high velocity, and large amounts of
debris, which can lead to significant damage that includes the tearing out of trees,
undermining of buildings and bridges, and scouring new channels. The intensity of flash
flooding is a function of the intensity and duration of rainfall, steepness of the watershed,
stream gradients, watershed vegetation, natural and artificial flood storage areas, and
configuration of the streambed and floodplain. Dam failure and ice jams may also lead to
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flash flooding. Urban areas are increasingly subject to flash flooding due to the removal
of vegetation, covering of ground cover with impermeable surfaces, and construction of
drainage systems. Local flash flooding can be very destructive along the steep bluffs of
Lake Superior and the hilly terrain and narrow valleys of southeast Minnesota; however,
flash flooding can occur anywhere in Minnesota. Flash flooding occurs on average, three
times a year somewhere in the state. Typically, a Flash Flood occurs within six hours of a
rain event, or after a dam or levee failure, or following a sudden release of water held by
an ice or debris jam, and flash floods can catch people unprepared.

Flash flood definition: - a rapid and extreme flow of high water into a normally dry
area, or a rapid water level rise in a stream or creek above a predetermined flood level,
beginning within six hours of the causative event (e.g., intense rainfall, dam failure, ice
jam). However, the actual time threshold may vary in different parts of the country.
Ongoing flooding can intensify to flash flooding in cases where intense rainfall results in
a rapid surge of rising flood waters.

WwWw.Nnws.noaa.qov/directives/sym/pd01009050curr.pdf

The definition of a flash flood per the Minnesota Climatology Working Group is “the
occurrence of 6 inches or more rainfall within a 24 hour period”. The size of a flash
flood is measured area in square miles over which a 4-inch or more rainfall occurs. The
rationale for using this criteria is that a rainfall of six inches in a 24-hour period is near
the 100-year return period in Minnesota and, second, a 4-inch and greater rainfall
approximates the level at which the newspaper reports indicate increased erosion or other
economic damages are associated.

The information at climate.umn.edu/doc/flashflood.htm is a continuation of the book
Sixteen Year Study on Minnesota Flash Floods. This document was published in January,
1988 by the Minnesota Department of Natural Resources Division of Waters State
Climatology Office and the University of Minnesota Soil Science Department. That study
looked at sixteen years of flash floods from 1970 to 1985. In addition, flash floods from
1986 to 2008 are included below.

There are a total of 114 flash flood events documented in Minnesota since 1970.

www.nws.noaa.qov/floodsafety/floodsafe.shtml

Ice jam floods are primarily a function of the weather and are most likely to occur where
the channel slope naturally decreases, culverts freeze solid, reservoir headwaters, natural
channel constructions (e.g., bends and bridges), and along shallows.

A type of flooding that does not result directly from overflowing lakes and streams but
must be addressed is flooding that result from inadequate infrastructure, e.g., inadequate
storm sewers and storm drainage systems. In Minnesota, floods resulting from inadequate
infrastructure are often upstream and away from traditionally delineated floodplain areas
that are subject to local land-use regulations. Therefore, this type of flooding has not
typically been mapped by NFIP, and NFIP only requires local governments to impose
land use regulations in a mapped floodplain. The NFIP standard flood insurance policy,
however, often pays claims for flood losses in these areas with inadequate infrastructure.
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Local drainage floods may occur outside of recognized drainage channels or delineated
floodplains due to a combination of locally heavy precipitation, a lack of infiltration,
inadequate facilities for drainage and stormwater conveyance, and increased surface
runoff. Such events frequently occur in flat areas, particularly during winter and spring in
areas with frozen ground, and also in urbanized areas with large impermeable surfaces.
High groundwater flooding - and/or flooding that results from rain falling on nearly
saturated or saturated soils, is a seasonal occurrence in some areas, but may occur in
other areas after prolonged periods of above-average precipitation. Losses associated
with local drainage are most significant when they occur with other hazards described in
this document, such as widespread flooding and thunderstorms; therefore, they are not
analyzed as a distinct hazard.

Many urban areas that have historically been flood prone have been removed from the
floodplain through the application of two construction types: (1) flood control dams,
which reduce peak discharges; and, (2) levees, which redirect floods away from areas that
would otherwise be inundated.

The third and somewhat less frequent category of floods in Minnesota is slowly rising
lake levels. This type of flood is caused by a long-term, above-average precipitation trend
in landlocked basins with poor lake outlet. This type of flooding has caused significant
localized damages but seldom results in Presidential Disaster Declarations. Water rises
slowly over months or years, so the flooding is not caused by a single event.

Minnesota is often referred to as the land of 10,000 lakes; the State has more than 95,000
miles of streams and rivers. These lakes and watercourses are confined within their banks
throughout most of the year. On occasion, these water bodies, however, reclaim the low-
lying surrounding lands, which results in flooding. Unwise floodplain development
exacerbates flooding conditions. The outcome of this includes threat to human and
animal health and safety as well as tremendous social and economic losses to individuals,
communities, and taxpayers as a whole. In most cases, floods in Minnesota take one of
two forms: large-scale flooding and flash flooding. Generally, large-scale floods result
from an above normal amount of water in the snowpack (snow water equivalent). This
could result from a deep snowpack or if rain on the snowpack causes increased
saturation. Other factors that could contribute to a large-scale flood include: frozen soil
that prevents infiltration, rapid snowmelt due to an intrusion of an unseasonably warm
and moist air mass, and widespread precipitation caused by a broad scale storm system
which typically approach the State from the south or west. Flash floods result from
powerful, concentrated, slow-moving thunderstorms. Flooding can also occur along Lake
Superior. Flooding along Lake Superior occurs most frequently when the lake is at a high
level and high winds create waves that inundate low-lying areas.

The aforementioned types of "natural” flooding occur nationally. The Federal Emergency
Management Agency (FEMA) and the Minnesota Department of Natural Resources
(DNR), Division of Waters through the National Flood Insurance Program (NFIP)
usually map them. Regulation of new construction in mapped flood hazard areas is a
responsibility of local government.
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Flood History in Minnesota

The major 20th century floods in Minnesota took place in 1950, 1965, 1969, 1972, 1987,
1993, and 1997. The 21% century is having its share of floods, in 2001, 2006, 2007, 2008,
2009 and 2010 there has been major flooding in the state. These floods are considered
among the most severe in Minnesota's history in terms of stream flow magnitude, extent
of lands inundated, loss of life, and property damage. Spring and summer rains caused
the 1993 flooding. The floods of 1950, 1965, 1969, 1972, 1997, 2001, 2006, 2009 and
2010 coincided with spring snowmelts, thereby, increasing both the stage and discharge
of the snowmelt events. The peak discharges of 1993 only affected a few of the major
watersheds. For the southern half of Minnesota, 1965 and 1969 were the years of record
peak discharges. Widespread flooding occurred again in the spring of 2000. Then
beginning in mid-May and continuing intermittently through July 2001, heavy rain fell
over much of Minnesota. In 2007, heavy rains from August 18-20th produced record 24-
hour totals in southeast Minnesota and resulted in seven fatalities. Presidential Disaster
Declarations for flooding occurred in 2008, 2009 and 2010. Notable floods in Minnesota
from 1950-2010 are summarized in Table 2. Descriptions of flash floods in 2007 and
2008 from the State Climatology Office follow.

Flash Floods: 2007
August 18-20, 2007: Southeast Minnesota

The most memorable singular event of 2007 is the southeast Minnesota flood of August
18-20, 2007. A series of thunderstorms moving along a stalled frontal boundary dropped
extremely heavy rain on much of southern Minnesota beginning August 18. The most
intense precipitation rates occurred during the afternoon and evening hours of Saturday,
August 18, and the early morning hours of Sunday, August 19. Over the course of the
event, all or portions of 28 counties received at least four inches of rain. Six-inch totals
were common across the region, and portions of southeastern Minnesota reported
astounding rainfall amounts ranging from 8 to 18 inches. The heaviest rainfall reports
came from Winona, Fillmore, and Houston counties, where 36-hour totals exceeded 14
inches. The largest multi-day rainfall total reported was 18.17 inches observed west of La
Crescent in northern Houston County. An official National Weather Service climate
observer near Hokah in Houston County reported a storm total of 16.27 inches. Of the
16.27 inches, 15.10 inches fell within the observer's 24-hour observation cycle ending at
8:00 AM on Sunday, August 19. This is the largest 24-hour rainfall total ever recorded by
an official National Weather Service reporting location in Minnesota. The previous
Minnesota record was 10.84 inches, measured at the city of Fort Ripley in Crow Wing
County on July 22, 1972.

The deluge produced flooding tied to seven fatalities. Major flood damage occurred in
many southeastern Minnesota communities. Hundreds of homes and businesses were
impacted. Reports of stream flooding, urban flooding, mud slides, and road closures were
numerous throughout southern Minnesota. The combination of huge rainfall totals and a
very large geographic extent, make this episode one of the most significant rainfall events
in Minnesota's climate history. A six-inch rainfall total for a given location in this region
over a 24-hour period is said to be a "100-year" (1% probability) storm. The area
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receiving six or more inches during a 24-hour period in the midst of this torrent
encompassed thousands of square miles. Other heavy rainfall events during this decade of
comparable magnitude and spatial coverage include extraordinary rainfalls in
northwestern Minnesota on June 9-10, 2002 and in southern Minnesota on September 14-
15, 2004.

September 6, 2007: Northeast Minnesota

On September 6, 2007, a strong weather system moving through the Midwest dropped
over six inches of rain on portions of St. Louis, Lake, and Cook counties. Rainfall totals
surpassed eight inches in central St. Louis County. The deluge led to overtopped and
washed out sections of roads and highways. The situation was greatly tempered by the
long-term drought conditions that existed prior to the rain event. A storm of this
magnitude and intensity would have certainly had a greater impact had the landscape not
been so dry. Another heavy rain event also affected portions of the Iron Range on
September 18, 2007 when intense precipitation flooded Highway 169 near Grand Rapids.

September 20-21, 2007: Southeast Minnesota

Another heavy rain event of note was one that happened on September 20-21, 2007.
Intense rains doused west central and central Minnesota on September 20 and 21. Three
to five inches fell along an arc that bisected Minnesota from near Ortonville to Hinckley.
The rain drenched portions of Stevens, Pope, Douglas, Todd, Stearns, and Morrison
counties; an area that was suffering most intensely from the 2007 drought. The rains fell
hard and fast with this event in the Twin Cities. An inch of rain fell in 15 minutes at the
Twin Cities International Airport. A 13 year old boy drowned after being swept over a
small concrete dam in runoff-swelled Battle Creek in Battle Creek Park.

Flash Floods: 2008
June 7-9, 2008: Southeast Minnesota

The flash flooding came early in the summer season over southeast Minnesota with two
events in June 2008. The first was on June 7-9, 2008. Some of the hardest hit areas in
Minnesota were Fillmore and Houston Counties. Ground that was already saturated from
heavy rains the week before only compounded the problem. Houston County's Board of
Commissioners declared a state of emergency on June 9. In Fillmore County, waters from
the swollen Root River flooded Preston, and affected from 50 to 75 homes and twelve
businesses in the downtown area. The highest two-day total in Minnesota was 10.61
inches about six miles southeast of Caledonia in Houston County. At one point all the
roads were closed in Houston County. Some areas hit by this flood fell over the same
areas as the historic August 18-20, 2007. flood.

June 11-12, 2008: Southeast Minnesota

More heavy rains fell just a few days later on June 11-12, 2008. The rains were the
heaviest over Ortonville in Big Stone County and especially over south eastern
Minnesota in the Austin area. The highest 24-hour total ending on the morning of June 12
was 4.25 inches at Lansing in Mower County about five miles north of Austin. Two day
totals were between five and six inches over eastern Freeborn and western Mower
County.
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The heavy rains fell over already saturated ground in southeast Minnesota. By shortly
after dark on June 11th, manhole covers were forced up due to the water pressure. Water
was over many roads and cars were submerged in Austin. By the wee hours of the
morning on June 12, Interstate 90 was closed in Austin due to floodwaters covering the
interstate. Later that same day, residents of Austin were sandbagging to protect parts of
the town due to rising creeks. One man died early on June 12th when he drove into deep
water in a washed out spot on County Road 34 in Freeborn County. One person had to be
rescued from a second car that plunged into the water.

July 16-17, 2008: Southeast Minnesota

There was one flood event of note for July 2008. July 16-17, 2008. A small, but intense
area of thunderstorms produced torrential downpours over extreme southeastern
Minnesota in Winona and Houston County. The La Crosse National Weather Service saw
its greatest one day precipitation total for July 16th with 2.50 inches. The highest total
found was 5.21 inches at La Crescent in Houston County. Just one mile NNW of La
Crescent the rainfall total was 3.92 inches. Many streets were flooded in La Crescent and
the intersection of Main and EIm Street was under two feet of water. Mudslides were
reported along 1-94 near Dresbach in far southeastern Winona County.

August 11-12, 2008: West Central Minnesota

A line of heavy thunderstorms hit a few areas of west central Minnesota on August 11-
12, 2008. The heaviest rain fell in Wilkin, eastern Clay, and western Becker Counties.
Street flooding was reported in Wahpeton, North Dakota, just across the border from
Breckenridge. 2.75 inches fell in two hours at Wahpeton. Fargo received 3.45 inches for a
storm total. Some of the higher rainfall totals found in Minnesota were 4.30 inches in
Breckenridge. 2.79 inches at Sabin, 2.70 inches fell at Wheaton and 2.39 inches fell at
Detroit Lakes. The heaviest 24 hour total reported was 4.70 inches at the town of
Barnesville in southern Clay County.

The following pages provide a description of Presidential Disaster Declarations and the
associated declared counties map.

DR-1772-MN The severe storms and flooding June 6 through June 12, 2008 led to
disaster declaration for six counties in Minnesota.
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Figure 6 FEMA-1772-DR Minnesota Declared Counties

FEMA-1772-DR, Minnesota
Disaster Declaration as of 08/05/2008

e pd A ® ™
Iebdcn
T
i i
¥ FEMA
=L
Deesi Counties
guated ITE Muapping & Amalynis Center
[ ] oo A
(DT = [F: 40 AM EDT
Public Assistanca
Sowrve: Disasser Federal Regiary Nodoe
" ™ Al counties ave eiigible Ameredoscrs No. 4 - 084152008
Jfor Hazard Mirngation
) | w | om

MaplD a54d5ecdIchiS0E0E 114 1hgonod

59



MINNESOTA ALL-HAZARD MITIGATION PLAN

Section Four: Risk Assessment —ldentify and Profile Hazards

DR-1830-MN In the spring of 2009, a disaster was declared for severe storms and
flooding in the Red River Valley. The NCDC description: A stretch of warmer weather
occurred from March 14th to 17th, which resulted in high temperatures in the 40s and
low 50s. The snow depth in Fargo on the 14th was 15 inches with a melted water
equivalent of 3.10 inches. By the 17th, the snow depth in Fargo had dropped to 6 inches.
This was followed by a couple of cooler days, which temporarily slowed down any
additional snowmelt. A second period of warmer weather began on March 20th and
continued through the 24th. During this period, high temperatures again climbed into the
40s and low 50s. Most of the remaining snow in Fargo melted during this stretch of warm
weather, with the Fargo snow depth falling from 2 inches to 0. Conditions were about the
same in Grand Forks, with the snow depth falling to 0 by the 24th. These two warm-ups
resulted in a quick response in river levels, especially across the southern Red River
Valley and west central Minnesota. The main stem Red River also showed a response,
especially in the southern Red River Valley. With all the runoff moving into the river
systems, water covered many roads and resulted in numerous road closures. The water
covered entire sections of land as well and threatened many homes. A winter storm event
on March 24th and 25th brought more snow to the region, along with a turn to colder
temperatures. This resulted in a first crest for many rivers in the southern Red River
Valley and west central Minnesota. However, river levels at most points along the main
stem Red River continued to stay high. Another winter storm event hit much of the area
March 30 to 31st, dropping up to 2 feet of snow in the southern Red River Valley. There
was a lot of moisture in this new snow, with snow to liquid ratios of less than 10 to 1.
This set the stage for continued flooding into the month of April. Map on following page.
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Figure 7 FEMA-1830-DR Minnesota Declared Counties

FEMA-1830-DR, Minnesota
Disaster Declaration as of 05/06/2009
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Figure 8 FEMA-1900-DR Minnesota Declared Counties

FEMA-1900-DR., Minnesota
Disaster Declaration as of 06/29/2010
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DR-1900-MN This Presidential Disaster Declaration was issued on April 19, 2010
following an Emergency Declaration for flooding for the Red River Valley. The
combination of high-water equivalency snowpack, saturated soils, ice jams, and flat
terrain created the potential for near record flooding in several basins throughout
Minnesota. Twenty-eight counties were declared for this disaster. Map on previous page.

DR-1921-MN Severe weather watches and warnings were issued on the morning of
6/17/10. Shortly after 1300 CDT, super cells built up in the west central part of the State.
Other super cells developed in a line stretching from south central to northwest
Minnesota. Twenty (20) tornadoes ranging in intensity from EFO (65-85 mph) to EF4
(166-200 mph) were confirmed. Strong winds, heavy rains and hail affected portions of
the State. These storms caused many power outages. Three fatalities have been confirmed
and numerous injuries reported. Local emergencies were declared in Faribault, Freeborn,
Steele and Wadena Counties and the City of Wadena. A “Severe weather blitz” continued
from 6/17/10 through 6/26/10 bringing repeated severe storms, hail, tornadoes and
flooding. Map on following page.
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Figure 9 FEMA-1921-DR Minnesota Declared Counties

FEMA-1921-DR, Minnesota
Disaster Declaration as of 07/26/2010

CANADA

=] =

the Woods
Marshall -l—._

HMorman
H
Wadena

Ortter Tail

—— 2 FEMA
Designated Counties ,Hiqd Ayt eraier
I:l No Designation ﬁ.=.-}¢-;n_a-m'$ﬁ.rzr
I:l Public Assistance h“uihul M. .'-.i.a-}a-m.;:hm

MaplD 360 120036380725101502hgprod

64



MINNESOTA ALL-HAZARD MITIGATION PLAN

Section Four: Risk Assessment —ldentify and Profile Hazards

DR-1941-MN On the evening of September 22, 2010, heavy-rain producing
thunderstorms developed over southern Minnesota, producing above average amounts of
precipitation. An additional low pressure system moved over Minnesota on September
23, 2010, producing more precipitation. At least three inches of rain fell in nearly all
southern Minnesota counties, with more than three inches falling in many counties. The
State Climatology Office estimates that during the event period (Sept. 22-23), southern
counties received rainfall amounts anywhere from 3 to 10 inches. Rainfall continued
through September 24, 2010, intensifying the flooding situation already occurring in
much of southern Minnesota. Extensive damage occurred in the Zumbro Falls and
Hammond areas of Wabasha County. On September 24, 2010, the Zumbro River rose at a
rate of 16 inches per hour to a record high of 30.26 feet. The Minnesota River near
Henderson reached record flood stage. In addition, hundreds of roads were damaged as a
result of flooding brought on by the rainfall. Map on following page.
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Figure 10 FEMA-1941-DR Minnesota Declared Counties

FEMA-1941-DR, Minnesota
Disaster Declaration as of 10/19/2010
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The NCDC reports multiple flood events (flood and flash flood) in the state since 2008.
Per the date range 1/1/2008 to 8/31/2010, there has been one death, two injuries, nearly
$24 million in property damages and over $16 million in crop damage recorded. Since
one weather event may be recorded in multiple areas, the total number of events is not
listed.

Table 2 Major Flood Events in Minnesota 1950 — 2010

Year | Areas Affected Remarks

2010 | Blue Earth County, Brown County, Carver | Presidential Disaster Declaration DR-1941-MN
County, Cottonwood County, Dodge County, | was declared due to severe storms and flooding
Faribault County, Freeborn County, Goodhue | beginning on September 22 through October 14,
County, Jackson County, Le Sueur County, | 2010.

Lincoln County, Lyon County, Martin County,
Mower County, Murray County, Nicollet
County, Nobles County, Olmsted County,
Pipestone County, Redwood County, Rice
County, Rock County, Sibley County, Steele
County, Wabasha County, Waseca County,
Watonwan County, Winona County, and
Yellow Medicine County

2010 | Blue Earth County, Brown County, Faribault [ DR-1921-MN was declared for severe storms,
County, Freeborn County, Houston County, | tornadoes and flooding was declared for weather
Kittson County, Nicollet County, Olmsted | events during June 17-26, 2010.

County, Otter Tail County, Polk County,
Sibley County, Steele County, and Wadena
County

2010 | Big Stone, Blue Earth, Brown, Carver, | Presidential Disaster Declaration DR-1900-MN
Chippewa, Clay, Kittson, Lac Qui Parle, | was issued on April 19, 2010

Marshall, Norman, Polk, Redwood, Renville,
Scott, Sibley, Traverse, Wilkin, and Yellow
Medicine counties and the Tribal Nation of the
Upper Sioux Community, Cottonwood,
McLeod, Pennington, Ramsey, Red Lake and
Stevens counties, and Prairie Island Indian
Community.

2009 | Band of Chippewa Indians, Becker, Beltrami, | DR-1830-MN Severe storms and flooding in the
Chippewa, Clay, Clearwater, Cook, Douglas, | Red River Valley

Grant, Hubbard, Kittson, Lac Qui Parle, Lake,
Lake of the Woods, Mahnomen, Marshall,
Norman, Otter Tail, Pennington, Polk, Pope,
Red Lake, Roseau, Stevens, Swift, Traverse,
Wadena, W.ilkin and Yellow Medicine
Counties.

2008 | Fillmore, Freeborn, Houston, Mower, Nobles | DR-1772-MN was declared due to severe storms
and Cook and flooding.

2007 | Winona, Fillmore, Houston, Olmsted, Dodge, | Disaster Declaration Number 1717 was declared
Steele and Wabasha on August 23, 2007 for seven southeast
Minnesota Counties due to flooding from August
18th to August 20th. An official National
Weather Service climate observer near Hokah in

67




MINNESOTA ALL-HAZARD MITIGATION PLAN

Section Four: Risk Assessment —ldentify and Profile Hazards

Table 2 Major Flood Events in Minnesota 1950 — 2010

Year

Areas Affected

Remarks

Houston County reported a storm total of 16.27
inches. Of the 16.27 inches, 15.10 inches fell
within the observer's 24-hour observation cycle
ending at 8:00 AM on Sunday, August 19. This is
the largest 24-hour rainfall total ever recorded by
an official National Weather Service reporting
location in Minnesota. The deluge produced
flooding tied to seven fatalities. Major flood
damage occurred in  many southeastern
Minnesota communities. Hundreds of homes and
businesses were impacted. Reports of stream
flooding, urban flooding, mudslides, and road
closures were numerous throughout southern
Minnesota.

2006

Becker, Clay, Kittson,

Marshall, Norman,

Polk, Red Lake, Roseau and Wilkin Counties

Disaster Declaration Number DR-1648-MN was
declared on June 5, 2006 for nine northwest
Minnesota counties due to flooding from March
30th to May 3rd.

2004

Southern  Minnesota:

Dodge, Faribault,

Freeborn, Mower, and Steele Counties

Presidential Disaster Number DR-1569-MN was
declared on October 7, 2004 for five southern
Minnesota counties due to severe storms and
flooding. Approximately $1.2 million in grants
have been approved to assist these counties.

2002

Becker, Beltrami, Clay, Clearwater, Itasca,
Kittson, McLeod, Pennington, Polk, Roseau,
Goodhue, Hubbard, McLeod and Wright

Counties

Flooding occurred on June 14, 2002 resulting in
Presidential Disaster Declaration Number DR-
1419-MN for 14 counties.

2001

Throughout Minnesota

Flooding, due to heavy rainfall and snow melt in
March to July, occurred in 61 counties and 4
Tribal Governments resulting in Presidential
Disaster Declaration Number DR-1370-MN.
Total of 66 counties approved for some form of
disaster assistance.

2000

NW, SE, and Central Minnesota: Chippewa,

Clearwater, Dodge,

Faribault, Freeborn,

Roseau, Winona, Becker, Clay, Dakota,

Fillmore, Houston,
Mahnomen, Yellow Med

Mower, Norman,
icine Counties and the

White Earth Indian Reservation

Flooding, due to heavy rainfall in May to July,
occurred in 17 counties resulting in Presidential
Disaster Declaration Number DR-1333-MN. The
northwestern, southeastern and central regions of
the State were impacted the most.

1999

Northern  Minnesota:
Pennington, Polk, Red
counties

Kittson, Marshall,
Lake, and Roseau

Flooding occurred in northern Minnesota in
March to May 1999 resulting in Presidential
Disaster Declaration DR-1283-MN for 6
counties. Damages to personal property, public
infrastructure, and businesses totaled at least $11
million. In the spring of 1999, the Red River
Valley experienced flooding as a result of snow
melt and heavy rains. Roseau County’s drainage
ditch system sustained an extensive amount of
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Table 2 Major Flood Events in Minnesota 1950 — 2010

Year

Areas Affected

Remarks

damage.

1999

Beltrami, Cook, Itasca, Lake, and St. Louis,

Aitkin, Cass, Clay, and Hubbard

Disaster Declaration Number DR-1283-MN was
issued for nine counties in Northern Minnesota
on July 26, 1999. The northeastern part of
Minnesota experienced high winds. St. Louis
county suffered the most uninsured residential
due to heavy rains and flash flooding. Beltrami
county experienced high ground water levels that
caused a number of serious damages that
included wet basements and failed septic
systems. The total cost of the disaster was
estimated at approximately $52.2 million.

1997

West Central Minnesota

Disaster Declaration Number DR-1187-MN was
issued for seven counties on August 5, 1997 for
severe storms, high winds, tornadoes and
flooding. Flooding and high winds swept through
parts of west central Minnesota. Schools in
Minneapolis and St. Paul sustained considerable
damage, which resulted in more the $2 million in
assistance.

1997

Minnesota

Due to the rapid melt of deep snow covering
much of Minnesota, serious flooding occurred
throughout Minnesota in March to May 1997,
with the Red River and the Minnesota River
valleys being the hardest hit. Six schools, one
medical facility and several other public facilities
were so severely damaged that they had to be
replaced. An additional late winter storm in early
April added to the problem. These floods resulted
in a Presidential Disaster Declaration (Disaster
Declaration Number DR-1175-MN) for 58
counties in Minnesota. State and federal aid
payment totaled at least $386,121,956.

1996

Minnesota

Flash flooding occurred March to May 1996,
resulting in a Presidential Disaster Declaration
(Disaster Declaration Number DR-1116-MN) for
26 counties throughout Minnesota. State and
federal disaster payments totaled $10,904,423.

1993

Southern Minnesota

Serious and repeated flooding occurred
throughout the spring and summer of 1993. The
southern, southwestern, and western regions of
the State were hardest hit. Much of southern
Minnesota experienced floods that were
commonly greater than a 10-year flood event.
The surprising exceptions were the Zumbro,
Root, and the Cedar Rivers. Even though there
was significant damage along these rivers, the
highest recorded discharge during the flood event
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Table 2 Major Flood Events in Minnesota 1950 — 2010

Year

Areas Affected

Remarks

fell short of what would be expected in a 10-year
flood. The floods of 1993 resulted in a
Presidential Disaster Declaration (Disaster
Declaration Number DR-993-MN) for 57
counties in the State of Minnesota. State and
federal disaster assistance payments totaled $99.3
million. The Minnesota Department of
Agriculture estimates that lost production values
resulting from this flood totaled $1.5 billion.

1992

Western and southern Minnesota

Disaster declaration issued on June 26, 1992 for
eleven counties in western and southern
Minnesota for severe storms, tornadoes and
flooding. There were heavy rains and flooding
and major damage was caused by tornadoes that
swept through southwestern Minnesota. The
cities of Chandler, Lake Wilson and Clarkfield
were the hardest hit.

1987

Anoka, Beltrami, Carver, Dakota, Hennepin,

Norman, Polk, Ramsey, Scott, Washington

Severe storms, heavy rain, and tornadoes resulted
in major flooding throughout the metropolitan
area. Damages exceeded $12 million and resulted
in Presidential Disaster Declaration DR-797-MN.

1975

Northwest Minnesota

A flash flood of 3-8 inches fell during a 12 to 15-
hour period in Northwest Minnesota. The heavier
rains began along the North Dakota border and
ended to the southeast of Leach Lake. The heavy
rains covered most of Marshall, Beltrami and
Pennington Counties, the northern parts of
Clearwater, Cass and Hubbard Counties and
western Itasca County.

1972

Central Minnesota

In July flooding in central Minnesota (from west
of Little Falls east to the border) resulted from
the largest 24-hour rainfall recorded in
Minnesota. The outcome included a Presidential
Disaster Declaration for 18 counties in the State
of Minnesota (Disaster Declaration Numbers DR-
347-MN and DR-350-MN), the loss of 3 lives,
hundreds of road washouts, and damages over
$20 million. In late September the third and
largest “flash flood” to affect Duluth within that
same year resulted in the loss of 2 lives and
property damage estimated at $1 million.

1969

Red River, North River, Minnesota River, Des

Moines River

Flooding on the Minnesota and Des Moines
Rivers and the Red River of the North resulted
from snowmelt and rainfall. The outcome
included a Presidential Disaster Declaration for
74 counties in the State of Minnesota (Disaster
Declaration Numbers DR-255-MN and DR-268-
MN), the loss of 9 lives, and property damages
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Table 2 Major Flood Events in Minnesota 1950 — 2010

Year | Areas Affected Remarks
estimated at $150 million. This flood event was
the impetus for the State of Minnesota adopting
the Comprehensive Floodplain Management Act.
1965 | Minnesota River, Mississippi River Flooding on the Minnesota and Mississippi

Rivers resulted from snowmelt and rainfall. The
outcome included a Presidential Disaster
Declaration for 65 counties in the State of
Minnesota (Disaster Declaration Number DR-
188-MN), record stages on the Mississippi River,
the loss of 16 lives, and property damages
estimated at $181 million.

1950

Carlton County, Aitkin County, Clay County,

Polk County, St. Louis County

Flooding in the Northern half of the state resulted
from snowmelt and rainfall. The outcome
included peak discharges approximated at a 100-
year recurrence interval on the St. Louis River at
Scanlon (Carlton County) and on the Mississippi
River at Aitkin (Aitkin County); extensive
damages to the communities of Moorhead (Clay
County), Crookston, East Grand Forks (Polk
County), Floodwood (St. Louis County), and
Aitkin (Aitkin County); and property damage
losses estimated at $16 million.
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The USGS has recently (April 15, 2010) produced a document to accurately describe the
meaning of the “100-year flood”. In the 1960's, the United States government decided to
use the 1-percent annual exceedance probability (AEP) flood as the basis for the National
Flood Insurance Program. The 1-percent AEP flood was thought to be a fair balance
between protecting the public and overly stringent regulation. Because the 1-percent AEP
flood has a 1 in 100 chance of being equaled or exceeded in any 1 year, and it has an
average recurrence interval of 100 years, it often is referred to as the "100-year flood".
The term "100-year flood" is part of the national lexicon, but is often a source of

Figure 11 100-Year Flood

100-Year Flood-It's All About Chance

Haven't we already had one this century?
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confusion by those not familiar with flood science and statistics. This poster is an attempt
to explain the concept, probabilistic nature, and inherent uncertainties of the "100-year

flood" to the layman. The publication is available at http://pubs.usgs.gov/gip/106/.
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Statewide Flood Risk Assessment ’ — ' ' .

The statewide flood risk assessment J, 'y J E
utilized HAZUS-MH (HAZards US - - e - |
Multi-Hazard), FEMA’s methodology for EARTHQUAKE » WIND - FLOOD _]V_l_
estimating potential losses from disasters. HAZUS is a nationally applicable standardized
methodology that contains models for estimating potential losses from earthquakes,
floods, and hurricanes. HAZUS uses Geographic Information Systems (GIS) technology
to estimate physical, economic, and social impacts of disasters. It graphically illustrates
the limits of identified high-risk locations due to earthquake, hurricane, and floods. Users
can then visualize the spatial relationships between populations and other more
permanently fixed geographic assets or resources for the specific hazard being modeled, a
crucial function in the pre-disaster planning process.

HAZUS is used for mitigation and recovery as well as preparedness and response.
Government planners, GIS specialists, and emergency managers use HAZUS to
determine losses and the most beneficial mitigation approaches to take to minimize them.
HAZUS can be used in the assessment step in the mitigation planning process, which is
the foundation for a community's long term strategy to reduce disaster losses and break
the cycle of disaster damage, reconstruction, and repeated damage. Being ready will aid
in recovery after a natural disaster.

HAZUS software is a powerful risk assessment methodology for analyzing potential
losses from floods. In HAZUS, current scientific and engineering knowledge is coupled
with the latest geographic information systems technology to produce estimates of
hazard-related damage before, or after, a disaster occurs.

Potential loss estimates analyzed in HAZUS include:

e Physical damage to residential and commercial buildings, schools, critical
facilities, and infrastructure;

e Economic loss, including lost jobs, business interruptions, repair and
reconstruction costs; and

e Social impacts, including estimates of shelter requirements, displaced
households, and population exposed to scenario floods, earthquakes, and
hurricanes.

Source: http://www.fema.gov/plan/prevent/hazus/index.shtm

The Minnesota Statewide Flood Risk Assessment Report (Report) is an initial step in
identifying and quantifying flood risks throughout the state. The Minnesota Statewide
Flood Risk Assessment Report was completed in January of 2011. The Report compiled
the results of the county flood risk assessments as a primary update for the 2011
Minnesota State All Hazard Mitigation Plan. The county assessment reports will be
distributed to each county emergency director to be included in the local multi-
jurisdictional mitigation plans. The statewide Report is contained in Appendix F. County
specific data is available to local emergency managers upon request.
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Disclaimer - Neither the Minnesota Statewide Flood Risk Assessment Report nor any of
the county reports are to be used for National Flood Insurance Program (NFIP)
purposes. The information contained in the reports is to be used solely for the purposes of
mitigation planning. Using the flood assessment reports for NFIP insurance
determinations or mapping revisions will not be admissible by NFIP administrators.

The statewide flood assessment is a step toward identifying and quantifying flood risks
for the express purpose of mitigation planning. The risk assessment uses existing
available information, including Geographic Information System (GIS) data with
HAZUS-MH. This tool enables the State to predict the estimated losses from floods for
planning purposes.

The methodology follows the process outlined in “State and Local Mitigation Planning
How-To Guide: Understanding Your Risks.” The initial assessment uses existing state
level information. The information is compiled in digital formats that enable the future
update and enhancement of the assessment to use more detailed local data. As individual
community hazard mitigation plans are updated, the statewide flood hazard mitigation
risk assessment can be enhanced.

The hazard identification and data inventory tasks were conducted by Minnesota
Homeland Security and Emergency Management (HSEM) with assistance from the
Geographic Information Sciences Laboratory (GISL) at the University of Minnesota
Duluth (UMD) and The Polis Center at Indiana University Purdue University at
Indianapolis. The GISL and Polis teams assisted HSEM with developing the flood risk
assessment using HAZUS-MH as a risk assessment tool.

The initial task of identifying hazards involved reviewing flood information within the
Minnesota Department of Natural Resources county and community hydrologic
assessments. The file includes Federal Emergency Management Agency (FEMA) Flood
Insurance Study (FIS) reports, geo-referenced images of scanned FIRM maps, Digital
Flood Insurance Rate Maps (DFIRM) vector maps and Q3 vector maps. GISL obtained
copies of the available files from MN DNR. County specific flood risk assessments from
local hazard mitigation plans were used to identify local historical hazards. These
documents were provided by HSEM.

Profile Hazard Events: Following the hazard identification task, staff performed HAZUS-
MH 100-year flood return interval analysis for each county using DFIRM or Q3 flood
boundaries (DFIRM being preferable) whenever they were available. Prototyping prior to
the commencement of the project indicated that the Enhanced Quick Look method
available in HAZUS-MH (Release MR4-Patch 1 Aug 2009) provided loss estimates
consistent with traditional methods.

For counties without DFIRM or Q3 boundaries, HAZUS-MH was used to generate new
100-year flood boundaries and flood depth grids. Hydrology and Hydraulic analysis was
performed at one square mile intervals on all reaches generated from USGS 30-meter
DEMs.
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Table 3 Flood Risk Calculation Methods

Sources Counties Ratio

DFIRM 33 38%

Q3 32 3%

H&H + FIS Discharge Values 22 25%
Total 87 100%

Flood Model sources and dates are shown in the following figure. DFIRM and Q3 dates
are published dates or date obtained from DNR if data were not through final approval.
For counties that did not have a Q3 or DFIRM available, Flood Insurance Study (FIS)
dates are given if available (the most recent date is used if there is more than one FIS).
See Report for additional data. The following map indicates the data source and
floodplain. At this level, it is difficult to see detailed flood boundary, however, HSEM
has requested a poster size version of this map, available upon request. In addition, each
county has access to their county data and map.

Currently HSEM does not have the resources to place this data online. Future data
collection for more in depth (local) risk assessments may take place depending on
availability of state resources.
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Figure 12 Statewide Flood Risk Assessment: Flood Boundary Analysis Source

Minnesota Statewide Flood Risk Assessment
Flood Boundary Analysis Source by County, January 2010

100-yr Flood Boundary
Analysis Source

[ o
[] Freamirary DFRM
[ owees
[wirms

100yT Flood Boundarias
5 Lakes

b5 M W & 0@
[z = == m—m

1:3.000,0:00

76



MINNESOTA ALL-HAZARD MITIGATION PLAN

Section Four: Risk Assessment —ldentify and Profile Hazards

Probability of Occurrence

All portions of the State of Minnesota are subject to flooding. Some locations, however,
are more susceptible to severe, repeated flooding than others. As noted by the Minnesota
Department of Natural Resources (DNR), Division of Waters, one river that has flooded
consistently nearly every other or every third year is the Red River of the North.
Repeated flooding at this location is due primarily to two factors: (1) The river flows
north, often into areas that have not yet thawed, hence the water backs up; (2) Flat terrain
around the river allows flooding above the banks to go on for miles (much further than
most rivers in Minnesota).

Flash floods are also of great concern to the State of Minnesota. In a publication entitled,
Sixteen Year Study of Minnesota Flash Floods (DNR, State Climatology Office and
University of Minnesota Soil Sciences Department, January 1988), it is noted that
Minnesota averages five flash floods annually. The earliest flash floods have occurred in
May. The monthly distribution of flash floods shows June with the greatest number of
events and the flash flood “season” continuing through September. Analysis of
Minnesota's flash flood history has revealed that over 50 percent occur in the evening
between 6 p.m. and 11 p.m. and 27 percent of flash floods occur from midnight through 7
a.m. The counties of Lyon, Mower, Olmsted, St. Louis, Stearns, and Winona have
experienced the greatest number of storm events capable of producing flash flooding,
averaging at least one every five years. Olmsted County has experienced the greatest
number of events (8) and averages one flash flood every 3.1 years. The National Weather
Service (NWS) notes that nearly half of all flash flood fatalities are auto related. They
further note that people who are in automobiles when flash floods occur near them are
most at risk from flooding in general.

According to Floodplain Management: A Handbook for Local Officials (DNR, Division
of Waters, January 1993) the State of Minnesota experiences an average annual direct
flood loss of at least $60 - 70 million. Average annual direct flood loss figures of this
type have historically included:

e Direct loss to the individual homeowner, business, and agricultural interests (e.qg.,
structural and contents damage, damage to motor vehicles, crop loss, etc.)

e Damage to the community infrastructure (storm sewers, roads, bridges, etc.)
e Costs associated with the flood fight and clean up

There is increased national awareness that the indirect losses due to flooding are very
dramatic, affecting individuals living in and out of the floodplain. The indirect losses
related to flooding include:

e Lost profits to businesses closed during floods
e Wage losses and unemployment benefits

e Federally subsidized flood insurance payments via the National Flood
Insurance Program (NFIP)

e Income tax deductions for flood losses not covered by insurance
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e Lowe-interest disaster relief loans

The taxpayers are burdened with a significant portion of the cost of responding to unwise
floodplain development. These indirect costs may, in fact, equal or exceed the direct
Costs.

The flood risk assessment considers hazards over the entire State of Minnesota, though it
does not estimate the probability of occurrence. Flood probability and magnitude are
highly location-specific, so it is not possible to characterize these generally across the
State in a meaningful way. Statewide, floods are rated High for probability in the
qualitative ranking. The Report provides information for each county (and city), based on
best available data.

The National Weather Service in coordination with MN DNR have been working to
improve flood forecasting. The USGS and DNR have river gages throughout the state
that provide real-time information regarding river height. While improvements have been
made to forecasting riverine flooding, flash flooding is more difficult to predict. Watches,
warnings and advisories for flooding are improving with each flood the state experiences,
including regions that have been flooded annually. For example, the Flood Forecast
Display Tool is available for the Red River of the North via the Red river Basin Decision
Information Network, see http://ffdt.rrbdin.org/.

Sources of Information

Federal Emergency Management Agency (FEMA). 1997. Multi-Hazard Identification
and Risk Assessment: A Cornerstone of the National Mitigation Strategy.

Minnesota Department of Natural Resources. Floods.
www.dnr.state.mn.us/climate/floods/index.html

National Climatic Data Center, Climate of Minnesota
Minnesotacdo.ncdc.noaa.gov/climatenormals/clim60/states/Clim MN 01.pdf

Minnesota Department of Natural Resources Division of Waters State Climatology
Office and the University of Minnesota Soil Science Department. Sixteen Year Study on
Minnesota Flash Floods. climate.umn.edu/doc/flashflood.htm

USDA Risk Management Agency. Saint Paul Regional Office

MN DNR Waters, Southeast Minnesota Flood Damage
climate.umn.edu/doc/journal/flash floods/ff070820.htm

Minnesota Statewide Flood Risk Assessment, January 2011
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Wildfire

A wildfire is an uncontrolled fire spreading through vegetative fuels, exposing and
possibly consuming structures. They often begin unnoticed, spread quickly, and are
usually signaled by dense smoke that may fill the area for miles around. Wildfires can be
human-caused through acts such as arson or campfires, or can be caused by natural
events such as lightning. Wildfires can be categorized into three types:

Wildland fires are fueled primarily by natural vegetation in grasslands, brush
lands and forests.

Firestorms occur during extreme weather (e.g., high temperatures, low humidity,
and high winds) with such intensity that fire suppression is virtually impossible.
These events typically burn until the conditions change or the fuel is exhausted.

Interface or intermix fires occur in areas where both vegetation and structures
provide fuel. These are also referred to as wildland/urban interface fires.

Prescribed fires and prescribed natural fires are intentionally set or natural fires
that are allowed to burn for beneficial purposes.

The following factors contribute significantly to wildfire behavior:

Topography: As slope increases, that is the divergence of the terrain from
horizontal, the rate of wildfire spread increases. South facing slopes are also
subject to greater solar radiation, making them drier and thereby intensifying
wildfire behavior. However, ridgetops may mark the end of wildfire spread, since
fire spreads more slowly or may even be unable to spread downhill.

Fuel: Size class, moisture content and volume are the methods of classifying fuel,
with volume also referred to as fuel loading (measured in tons of vegetative
material per acre). As fuel loading increases, fire intensity (energy released) and
flame length increase, making fire suppression more difficult. Fuels with low
moisture content ignite easier that wet fuels. The fuel’s continuity is also an
important factor, both horizontally and vertically.

Weather: The most variable factor affecting wildfire behavior is weather.
Important weather variables are temperature, humidity, wind, and lightning.
Weather events ranging in scale from localized thunderstorms to large fronts can
have major effects on wildfire occurrence and behavior. Extreme weather, such as
high temperatures and low humidity, can lead to extreme wildfire activity. By
contrast, cooling and higher humidity often signals reduced wildfire occurrence
and easier containment.

If not promptly controlled, wildfires may grow into an emergency or disaster. Even small
fires can threaten lives, resources, and destroy improved properties. It is also important to
note that in addition to affecting people, wildfires may severely affect livestock and pets.
Such events may require the emergency watering/feeding, shelter, evacuation, and even
burying of animals.
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The indirect effects of wildfires can also be catastrophic. In addition to stripping the land
of vegetation and destroying forest resources, large, intense fires can harm the soil and
waterways. Soil exposed to intense heat may lose its capability to absorb moisture and
support life. Exposed soils erode quickly and enhance siltation of rivers and streams
thereby enhancing flood potential, harming aquatic life and degrading water quality.
Lands stripped of vegetation are also subject to increased landslide hazards.

Wildfires can occur at any time of day and during any month of the year, however, the
greatest wildland fire activity usually occurs from snow melt in March or April, through
green up in late May or early June. Careless fire use, arson, equipment use and weather
conditions such as wind, low humidity, and lack of precipitation are the chief factors
determining the number of fires and acreage burned. Generally, fires are more likely
when vegetation is dormant or after extended drought periods.

Wildland fires are capable of causing significant injury, death, and damage to property. A
recent inventory showed that 46% of the state (16 million acres) is covered with forests.
The potential for property damage from fire increases each year as more recreational
properties are developed on wooded land and increased numbers of people use these
areas. Fires can extensively impact the economy of an affected area, especially the
logging, recreation and tourism industries, upon which many northern counties depend.
There can be major direct costs associated with timber salvage and the restoration of the
burned area. Burned woodlands and grasslands may need to be replanted quickly to
prevent the possibility of widespread soil erosion, landslides, mudflows, and floods
which could compound the damage.

It must be noted that in the residential setting the leading causes of wildland fires are
debris burning, arson, and equipment use. However, as the urban-rural interface in
Minnesota increases, the fire ignition sources become less clear. Urban fires can result
from wildland fires in the wildland urban interface where wildland fires usually result
from human rather than natural causes. Only two percent of the Minnesota wildfires are a
result of lightning compared to 85 percent that result from human causes. Nationally,
lightning causes 16% of the wildland fires.

From 1990 to 2009, the causes were aggregated from the various categories used by the
DNR:

e Campfire - Fire caused by campfire

e Debris - Fire caused by piled or running debris, debris from agricultural
operations or from a burner

e Equipment - Fire caused by ATV, farm, miscellaneous tools, road maintenance,
vehicle or welding/cutting equipment

¢ Incendiary/Arson - Fire cause by incendiary or arson
e Lightning - Fire caused by lightning

e Miscellaneous - Fire caused by electric fence, fireworks, power line, prescribed
fire, structure or other (misc.) cause
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¢ Railroad - Fire caused by railroad brakes, exhaust, maintenance, wheel bearings
or other (railroad) cause

e Smoking - Fire caused by smoking
Figure 13 MN DNR Fires by Cause

MN DNR Fires by Cause
20 year average
1990-2009

®mLightning ™ Campfire ®™Smoking ®Debris ®Arson ®Equipment ® Railroad @ Children Misc

For outside and other fires, vulnerabilities are dependent upon fuel sources and
availability. As for wildfire, one major example of property wildfire vulnerabilities is the
area impacted by the July 4, 1999 massive windstorm. This windstorm raked northeastern
Minnesota with straight-line winds exceeding 90 miles per hour. In less than 30 minutes,
the storm cut an unbroken fuel pathway (10 - 12 miles long and 40 miles wide) through
the Boundary Waters Canoe Area Wilderness (BWCAW) in the Superior National Forest,
along the Gunflint Trail outside Grand Marais, with an estimated 80 - 120 tons of fuel per
acre on over 477,000 acres. Much of this land cannot be legally, cost-effectively, or
safely salvaged or cleared. Downed trees and outbreaks of insects and disease previous to
the blowdown storm of July 4, 1999 have significantly increased the fire risk in the area.
The task of mitigating fire risk and managing any fires that may occur is complicated by:
the remoteness and inaccessibility of the area; the number of government entities that
have responsibility for land within the area; the extent of the area affected; constraints on
the type of activity that can take place within the BWCAW; and the large number of
permanent and seasonal residents and tourists that may be affected by a fire in the area.
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The size and severity of the “Ham Lake” and “Cavity Lake” fires can be attributed to the
unique fuel conditions in that part of the state. Following the 1999 blowdown, several
mitigation projects occurred in the affected area including: construction of helipads and
safety zones, development of an evacuation plan for the Gunflint Trail, fuel reduction
projects, development of the Northeastern Minnesota Wildfire Integrated Response Plan,
Community Wildfire Protection Plans, FireWise programs, and defensible space and
sprinkler projects around structures.

Wildfire History in Minnesota

The Minnesota Department of Natural Resources (DNR) annually responds to an average
of 1,710 fires that burn 44,735 acres. The DNR is the lead state agency for wildland fire
prevention and response. However, other agencies also respond to fires in designated
protection areas including local fire departments and Federal agencies such as the Bureau
of Indian Affairs, Forest Service, Fish and Wildlife Service, and the National Park
Service. The following table has information on record fires in Minnesota from 1976-
2010.

TABLE 4 SINGLE FIRES OF RECORD

YEAR EVENT

2009 Very dry conditions and strong winds caused a controlled burn to become uncontrollable
near Dodge Center in Dodge County on April 8th. The wildfire burned six acres of grass.

2009 Very dry conditions and strong winds caused a grass fire to become out of control and burn
two acres on the northeast side of Rochester in Olmsted County on April 9th.

2009 A wildfire caused by very dry conditions and strong winds burned five acres on the
southwest side of Rochester in Olmsted County on April 23.

2007 On the morning of May 5 a human caused wildfire started northwest of Ham Lake along the
Gunflint Trail in northeastern Minnesota, about 49 miles northwest of Grand Marais. The
“Ham Lake fire,” which was in the U.S. Forest Service protection area, was contained to
36,443 acres on the United States side and claimed an additional 39,408 acres in Canada.
Firefighting costs for the Superior National Forest’s portion of the fire were approximately
$10 million. In Minnesota, 140 structures were destroyed, including 15 year-round
residences, 60 seasonal structures and several commercial businesses, valued at $ 10
million. Approximately 759 structures (valued at approximately $42 million) were protected
through the efforts of firefighters, FireWise projects and past mitigation projects. Mitigation
projects included creation of helipads and safety zones, fuel reduction projects, creating
defensible space, and outdoor sprinkler systems for structures. (since this fire was not in
MN DNR protection areas, it was not included in the charts that follow.)

2006 Lightning caused a wildfire to breakout two miles south of Seagull Lake on the Gunflint
Trail on U.S. Forest Service protected land in the Boundary Water Canoe Area Wilderness
(BWCAW). The fire was eventually called the "Cavity Lake Fire" and at the time was the
largest fire in the area in one hundred years. The fire spread quickly when 50 mph down
drafts from a passing thunderstorm fanned the fire, eventually consumed 31,830 acres.
Many entry points and portages in the BWCAW were closed while fire suppression efforts
were made. (since this fire was not in MN DNR protection areas, it was not included in the
charts that follow.)

2003 A wildfire burned 300 acres of grassland and also burned some small sheds in Windom. The
fire came close to five homesteads, burning to less than 20 yards from two of them. One
home had smoke damage from the fire. Dry conditions and winds gusting to 40 mph
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TABLE 4 SINGLE FIRES OF RECORD

YEAR EVENT
allowed the fire to advance rapidly before it was brought under control.

2000 Carlos Edge fire burned 8,000 acres, destroyed over 4 structures, and endangered the towns
of Linnwood, Stacy and Wyoming.

1980 Motley fire burned 6,800 acres, destroyed over 20 structures, and endangered the towns of
Motley and Philbrook.

1977 Wildland fires destroyed hundreds of thousands of acres of forestland and millions of
dollars in homes and improved property. Suppression costs that year totaled around $25
million.

1976 Badoura fire burned 23,000 acres and a dozen buildings in just six hours.

data from noaa's national climatic data center (http://www4.ncdc.noaa.gov/cqi-
win/wwecgi.dll?wwevent~storms)

The following figures indicate the cost and causes, and size and causes of wildfires in the
state in 2010 as reported by the DNR.
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Figure 14 Costs and Causes of Wildfires in 2010

Costs and Causes of Wildfires
As Tracked by the DNR in 2010
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Figure 15 Sizes and Causes of Wildfires in 2010

Sizes and Causes of Wildfires
As Tracked by the DNR in 2010
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The following table contains wildfire statistics for the past ten years. For additional
wildfire data see Appendix G.
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TABLE 5 WILDFIRE STATISTICS 2000-2010

COUNTY AVG # | AVG AVG AVG COST/ TOTAL COST

FIRES/ ACRES/ ACRES/ FIRE

YEAR FIRE YEAR
Aitkin 53 13 683 $ 17,002 $ 9,010,856
Anoka 31 46 1427 $10,108 $ 3,163,682
Becker 87 10 888 $ 3,993 $ 3,469,628
Beltrami 68 40 2699 $1,387 $ 944,388
Benton 36 4 149 $ 8,998 $3,212,129
Big Stone 0 2457 737 $ 75,478 $ 226,435
Blue Earth 2 169 304 $ 1,069 $ 19,234
Brown 1 0 0 $381 $3,433
Carlton 51 2 88 $ 1,325 $ 679,537
Carver 0 97 39 $ 88,293 $ 353,170
Cass 63 5 336 $ 1,356 $ 859,543
Chippewa 1 472 330 $ 5,006 $ 35,044
Chisago 18 5 84 $ 2,253 $ 401,068
Clay 1 90 54 $ 500,368 $ 3,002,210
Clearwater 38 15 569 $ 459 $ 173,954
Cook 3 17 47 $ 34,287 $ 960,044
Crow Wing 81 4 351 $6,871 $ 5,538,095
Dakota 2 88 141 $ 8,329 $ 133,267
Douglas 10 8 83 $ 1,539 $ 155,401
Fillmore 5 5 21 $1,429 $ 64,287
Freeborn 0 1 0 $ 500 $ 500
Goodhue 1 8 7 $372 $ 3,350
Grant 1 75 83 $ 3,664 $ 40,300
Hennepin 3 9 23 $ 12,350 $ 308,739
Houston 10 4 41 $1,346 $ 129,257
Hubbard 29 3 98 $1,878 $ 540,989
Isanti 30 4 114 $ 2,066 $ 628,021
Itasca 66 3 214 $ 2,459 $ 1,622,905
Jackson 0 152 15 $- $ -
Kanabec 42 5 207 $ 937 $ 392,505
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TABLE 5 WILDFIRE STATISTICS 2000-2010

COUNTY AVG # | AVG AVG AVG COST/ TOTAL COST

FIRES/ ACRES/ ACRES/ FIRE

YEAR FIRE YEAR
Kandiyohi 1 39 47 $ 254,032 $ 3,048,379
Kittson 36 253 9068 $2,077 $ 743,474
Koochiching 23 5 111 $ 3,504 $ 816,512
Lac Qui Parle 1 50 25 $5,532 $ 27,662
Lake 17 2 37 $1,725 $ 294,910
Lake Of The |23 20 445 $ 1,153 $ 261,769
Woods
Le Sueur 0 1 0 $ 500 $ 1,000
Lyon 0 123 25 $- $ -
Mahnomen 57 20 1148 $415 $ 236,507
Marshall 25 154 3903 $1,229 $ 312,061
Martin 0 50 5 $- $ -
Meeker 0 75 23 $ 1,460 $ 4,380
Mille Lacs 32 7 237 $729 $ 235,520
Morrison 75 19 1382 $ 4,947 $ 3,695,222
Mower 0 9 4 $1,283 $ 5,130
Murray 0 10 1 $- $ -
Nicollet 1 27 16 $333 $ 2,000
Norman 1 516 258 $ 2,100 $ 10,500
Olmsted 0 3 1 $343 $ 1,370
Otter Tail 14 18 253 $ 23,240 $ 3,276,849
Pennington 3 278 834 $ 939 $ 28,182
Pine 93 9 866 $2,390 $ 2,215,919
Pipestone 0 7 1 $ 500 $ 500
Polk 3 246 688 $ 3,097 $ 86,728
Pope 3 66 198 $2,184 $ 65,511
Ramsey 1 12 7 $5,275 $31,648
Renville 0 52 10 $90 $179
Rice 1 50 25 $ 100 $ 500
Roseau 40 209 8399 $2,021 $ 812,532
Saint Louis 206 4 758 $2,022 $ 4,163,400
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TABLE 5 WILDFIRE STATISTICS 2000-2010

COUNTY AVG # | AVG AVG AVG COST/ TOTAL COST
FIRES/ ACRES/ ACRES/ FIRE
YEAR FIRE YEAR
Scott 1 60 42 $ 797 $ 5,580
Sherburne 39 3 109 $12,994 $ 5,106,745
Sibley 0 1 0 $- $ -
Stearns 2 23 46 $ 5,987 $ 119,738
Stevens 0 87 35 $ 888 $ 3,550
Swift 0 43 9 $- $ -
Todd 21 15 309 $ 15,537 $ 3,278,219
Wabasha 3 6 16 $ 667 $ 16,685
Wadena 29 9 269 $ 1,500 $ 436,633
Waseca 1 1 0 $ 500 $ 2,500
Washington 4 3 11 $ 552 $ 23,201
Wilkin 0 2855 286 $ 17,275 $ 17,275
Winona 11 3 29 $ 657 $ 68,943
Wright 2 20 35 $2,822 $ 47,976

The following graphics illustrate data from the Minnesota DNR, Forestry Division. The
first graphic indicates the average number of acres burned each month for the past twenty
years, with the month of April having the highest average. The following figure shows
the average number of wildfires per month with April and May showing the highest
incidence of wildfires. The following maps indicate average cost and average acreage of
wildfires per county. The last map indicates the total cost of wildfires for the past ten
years. From this data, it is possible to develop potential loss estimation, but due to the

many variables that lead to wildfires it is not necessarily a useful calculation.
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Figure 16 Average Acres Burned by Month
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Figure 17 Average Wildfires by Month
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Figure 18 Average Acres Burned by Year
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Figure 20 Average Cost of Wildfire per County
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Figure 21 Average Size of Wildfire by County
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Figure 22 Cost of Wildfires by County
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The most costly wildfire was started by “misc. —-power line” in Aitkin County and cost
$5,002,500. Ten wildfires cost approximately three million dollars each during the period
of record 1/1/2000 to 11/24/2010. Approximately 2000 recorded fires with no damage,
nearly 9000 wildfires with less than $500 damage, 1500 records with $500-$1000 in
damages, 1750 records with $1000-$5000 and 750 over $5000. St. Louis County had the
largest number of wildfires at 2059, followed by Pine County with 927, Becker with 869,
and Crow Wing with 806.

See www.usfa.fema.gov/nfdc/ for national trends and other general Minnesota
information on this hazard. Fires on Federally protected lands and some fires suppressed
by fire departments are not included in these statistics.

Probability of Occurrence

Like most weather-related phenomena, wildfire probability cannot be accurately
predicted in the short-term. It is reasonable to assume that wildfire incidence will remain
stable over the long-term, bearing in mind that weather patterns (in particular periods of
drought and very low humidity); fuel load, insect infestations and human behavior can all
greatly influence near-term probabilities. The qualitative probability is rated High for the
state, although the rating is only intended for general comparison to other hazards that are
being considered for this stage of the planning process. The MN DNR Wildfire
Information Center provides daily fire weather forecasts, current data on wildfire
conditions and burning restrictions throughout the state.

Sources of Information

Data from Wildfires Tracked by Minnesota DNR
(http://deli.dnr.state.mn.us/metadata.html?id=L.390002320203)

Minnesota Department of Natural Resources. Wildfire Information Center.
www.dnr.state.mn.us/forestry/fire/index.html

Mitigation Case Studies: Sprinklers and FireWise: A Winning Combination; Ham Lake
Fire, Gunflint Trail, Minnesota, May 2007

USFS Ham Lake Fact Sheet, June 26, 2007
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Tornado

A tornado is a violently rotating column of air that extends toward the ground from the
base of a convective cloud. Tornadoes can form in many environments. Three of these
environments include: within intense squall lines, within supercell thunderstorms, and in
the right front quadrant of land falling hurricanes. Tornadoes may or may not be visible
to the naked eye. The funnel can be transparent or can be hidden by falling rain around it.
Often times the only way to determine the presence of a tornado is by the damage it has
left behind. A precursor to a tornado is a wall and funnel cloud. Most funnel clouds do
not touch the ground, but when the lower tip touches the earth, it the funnel has become a
tornado and can cause extensive damage.

Tornado damage severity is measured by the Fujita Tornado Scale, which assigns a
numerical value of 0 to 5 based on wind speeds, as shown below. The letters EF may
precede the number (e.g., FO, F1, F2) which refers to the enhanced Fujita scale. Most
tornadoes last less than 30 minutes, but can exist for more than an hour. The majority of
tornadoes are classified in the FO and F1 category. The path of a tornado can range from a
few hundred feet to miles, and tornado widths may range from tens of yards to more than
a quarter of a mile.

TABLE 6 ENHANCED FUJITA SCALE FOR TORNADO DAMAGE
EF Number 3 Second Gust (mph)

65-85

86-110

111-135

136-165

166-200

Over 200

gl | Wl N | O

Tornado History

Minnesota lies along the north edge of the region of maximum tornado occurrence in the
United States. Tornado Alley, as that part of the central United States has come to be
known, reaches across parts of Texas, Oklahoma, Kansas, Missouri, East Nebraska, and
West lowa. In Minnesota, tornadoes have occurred in every month from March through
November. The earliest verified tornado in Minnesota occurred on March 18, 1968, north
of Truman, and the latest in any year on November 16, 1931, east of Maple Plain.

Despite a higher number of tornadoes reported in recent years, the number of fatalities
and injuries due to tornadoes has been decreasing. This is thanks in part to better National
Weather Service tools in detecting tornadoes, namely the NEXRAD Doppler radar
network installed in the mid 1990's. Also, the ability of alerting the public has improved
as well with more National Weather Service radio transmitters and a close relationship
with media outlets. An energetic spotter network has also been the key to alerting the
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public in Minnesota. The increasing number of tornadoes reported may be a direct result
of improved communications networks, public awareness, warning systems and training.

Most of the deadly and damaging tornadoes occur in groups of outbreaks that often last
from six to 12 hours. One of the worst such outbreak in Minnesota occurred on June 28,
1979, when 16 tornadoes slashed across the state, from northwest to southeast, in a six
and one half hour period. Two additional tornadoes occurred in eastern North Dakota
with this system. Many such outbreaks have occurred, including the April 30, 1967
cluster in south central and southeast Minnesota.

2010 was a historic year in tornadoes, with 104 tornadoes reported (4 rated EF-4, 4 rated
EF-3, 8 rated EF-2, 30 rated EF-1, 58 rated EF-0). There were three deaths, 46 injuries
(all were on June 17 except one injury on August 13). This year beat previous records of
74 tornadoes in 2001, 27 in one day on June 16, 1992 (June 17, 2010 had 48 on one day)

Until recently there had been fewer deaths due to tornadoes in Minnesota. Tornadoes in
2010 resulted in three deaths. Prior to 2010 the last tornado to produce multiple deaths
(two) was August 9, 1993 in Koochiching County near Littlefork. Since the beginning of
NCDC data collection over 1500 tornados have been recorded in the state, 95 people
have died, and over 1100 have been injured.

TABLE 7 HISTORIC TORNADO OCCURRENCES IN MINNESOTA

DATE LOCATION COMMENT

June 17, Widely dispersed | A major tornado outbreak of 48 tornadoes were reported, with three of

2010 locations these tornadoes reaching EF4 (166-200 mph). Three fatalities. A large
number of homes in City of Wadena were damaged or destroyed.

August 19, Minneapolis An EFO0 tornado tracked through residential South Minneapolis

2009 towards Downtown Minneapolis.

May 25, Hugo A two-year-old boy died, and seventeen injured

2008

September Rogers A 10 year-old-girl died

16, 2006

August 24, Lake Emily, near | One dead, 37 injured

2006 Kasota

June 11, Mower F3 category tornado

2004

June 24, Buffalo Lake F2 category caused 5 injuries

2003

June 13, Parkers Prairie F3 category caused 3 injuries

2001

July 25, Granite Falls One death, 15 injured

2000

March 29, St. Peter and The greatest March tornado outbreak in Minnesota history. Two people

1998 Comfrey died in a family of 13 tornadoes.
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TABLE 7 HISTORIC TORNADO OCCURRENCES IN MINNESOTA

DATE LOCATION COMMENT

June 14, Twin Cities from | One dead, 83 injured.

1981 Edina to Roseville

August 6, Outing Twelve dead and 70 injured.

1969

June 13, Tracy Nine dead, 125 injured.

1968

On May 6, Twin Cities Metro | The most damaging series of tornadoes in Minnesota slashed across

1965 area and South west and north sections of the metro killing 14 persons and injuring

central MN 685 with damage in excess of $50 million. On this day, eight tornadoes

struck south central MN including three that were rated F4. 11 people
were killed and 81 were injured. A four block wide swath was cut in
the town of Waseca.

June 20, Moorhead, MN & | Ten dead and more than 100 injured.

1957 Fargo, ND

May 10, Southeast Seven dead and 19 injuries.

1953 Minnesota

August 17, | Mankato, North About an hour apart, tornadoes slashed through the cities, leaving 11

1946 Mankato, Wells dead and 60 injured (Mankato and North Mankato), and 200 injuries in
Wells.

June 18, Champlin More than 220 people were injured and 9 killed.

1939

June 22, Fergus Falls 59 lives lost; second deadliest Killer tornado in Minnesota history.

1919

August 21, | Tyler 36 lives lost.

1918

April 14, St. Cloud and Deadliest tornado in Minnesota history razed parts of St. Cloud and

1886 Sauk Rapids Sauk Rapids, leaving 72 dead and 213 injured.

August 21, | Rochester 31 deaths, numerous injuries.

1883

Source: climate.umn.edu/doc/historical/tornadic.htm
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Figure 23 Tornado Touchdowns

Tornado Touchdowns
1999 to 2009
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The following table contains data on tornado injuries, deaths and damages for the past ten

years.

TABLE 8 TORNADO INJURIES, DEATHS AND DAMAGES 1999-2009

COUNTY [ #INJURIES | # INJURIES x DEATHS x PROPERTY TOTAL
$7,500 $3,000,000 LOSS DAMAGES

Anoka 20 $150,000 $3,000,000 $25,000,000 $28,150,000
Blue Earth 0 $0 $0 $2,000,000 $2,000,000
Brown 2 $15,000 $0 $0 $15,000
Cass 1 $7,500 $0 $0 $7,500
Chippewa 15 $112,500 $3,000,000 $20,000,000 $23,112,500
Freeborn 0 $0 $0 $22,000,000 $22,000,000
Hennepin 1 $7,500 $3,000,000 $31,000,000 $34,007,500
Kandiyohi 4 $30,000 $0 $1,000,000 $1,030,000
Mower 0 $0 $0 $2,000,000 $2,000,000
Murray 1 $7,500 $0 $0 $7,500
Nicollet 37 $277,500 $3,000,000 $23,000,000 $26,277,500
Otter Tail 3 $22,500 $0 $5,000,000 $5,022,500
Rice 1 $7,500 $0 $20,000,000 $20,007,500
Roseau 0 $0 $0 $20,000,000 $20,000,000
Sibley 5 $37,500 $0 $15,000,000 $15,037,500
Swift 7 $52,500 $0 $10,000,000 $10,052,500
Wadena 5 $37,500 $0 $10,000,000 $10,037,500
Watonwan 0 $0 $0 $2,000,000 $2,000,000
Winona 2 $15,000 $0 $2,000,000 $2,015,000
Wright 0 $0 $0 $1,000,000 $1,000,000

Note: The death and injury dollar figures used for the current risk assessment were $3
million for death and $7,500 for injury. For the next update of this plan in 2014, the state
will use the new FEMA Standard Values for Casualties and Injuries: Dead-Fatal $5.8
million, and three injury amounts —hospitalized ($1,088,000), treat and release ($90,000)
and self-treatment ($12,000). They are not used for this analysis because there is
currently no way to separate the three different types of injuries.

Some statistics on tornados in Minnesota from 1/1/1950 to 2/28/2010:
One Year: 104 in 2010, previous record 74 in 2001

One Month: 71 in June 2010, previous record 38 in June 2001
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e One Day: 48 June 2010, previous record 27 on June 16, 1992

e 463 reported tornados on the NCDC resulting in four deaths, 103 injuries,
over $233 million in property damages and $7.4 million in crop damages.

e Three F5 tornados in the state, resulting in ten deaths, 185 injuries and nearly
$60 million in property damages (Fargo-Moorhead in 1957, Tracy in 1968,
and Chandler in 1992)

e 33 F4 tornados in the state, resulting in 41 deaths, 759 injuries and over $413
million in property damages.

e 72 F3 tornados in the state, resulting in 17 deaths, 387 injuries, over $578
million in property damages and $4 million in crop damages.

Probability of Occurrence

Tornado risk for each state can be calculated many different ways. The Disaster Center
uses a unique formula that not only takes into account the likelihood of a tornado striking
a particular state, but also the risks of death, injury and the costs of tornadoes for
locations based on the size of the state. Nationally, Minnesota ranks number 17 for
frequency of tornadoes, 18 for number of deaths, 19 for injuries and 6 for cost of
damages. When these statistics are compared to other States by the frequency per square
mile, Minnesota ranks number 29 for frequency of tornadoes, number 22 for fatalities,
number 26 for injuries per area, and number 11 for costs per area, based on historic data
from 1950 to 1995. This data had not been updated by the Disaster Center the 2011 Plan.

The “tornado month” in the State is June, with July next, and then May. During these
three months, over 75 percent of all tornadoes occur; May has about 17 percent, June
around 33 percent, and July approximately 28 percent. Tornadoes have never been
reported in the State during December, January and February. The southern half of
Minnesota has three to four times as many tornadoes as the northern half of the State. The
deadliest Minnesota tornado of record was the Saint Cloud-Sauk Rapids tornado on April
14, 1886, when 74 lives were lost. The most damaging tornadoes were those occurring in
the northern part of Minneapolis in the late afternoon of May 6, 1965, causing about $280
million (2001 figures) in damage. The most probable danger period in Minnesota is late
spring and early summer, between 2 p.m. and 9 p.m.; however, tornadoes can and do
occur at any time of the day or night.

Although site-specific tornado probability is impossible to determine, given the relatively
long reporting period used in this calculation, it is reasonable to assume that the average
annual number will remain relatively constant in the future. It is worth noting, however,
the numbers of deaths and injuries can fluctuate drastically depending on the severity of
the tornadoes and the locations that they impact. The Risk Assessment section includes a
more detailed discussion of tornado risk, and includes calculations of risks to State-
owned and operated facilities. Tornadoes are rated High for probability in qualitative
ranking.
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Figure 24 Tornado Damages

Tornado Damages
1999 to 2009
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Sources of Information

NOAA, Storm Prediction Center. Tornado Numbers, Deaths, Injuries, and Adjusted
Damage, 1950-1994: www.spc.noaa.gov/archive/tornadoes/st-rank.html

101



MINNESOTA ALL-HAZARD MITIGATION PLAN

Section Four: Risk Assessment —ldentify and Profile Hazards

Minnesota Tornado History and Statistics: climate.umn.edu/doc/historical/tornadic.htm

National Weather Services’ Storm Prediction Center (SPC) Severe Weather Database
Files http://www.spc.noaa.gov/wcm/index.html 1950 -2009.

Windstorms

Winds in excess of 58 miles per hour, excluding tornadoes, are windstorms. Windstorms
are among the nation's most severe natural hazards in terms of both lives lost and
property damaged. The National Weather Service notes the following effects of various
wind speeds.

Note: Straight Line Winds and Windstorms are used interchangeably in the Plan. This
hazard is treated as a different category than Tornadoes (may also include high winds).

TABLE 9 EFFECTS OF WIND SPEED

Wind Speed | Effects

25-31 mph Large branches in motion, whistling in telephone wires

32-38 mph Whole trees in motion

39-54 mph Twigs break off of trees, wind impedes walking

55-72 mph Damage to chimneys and TV antennas, pushes over shallow rooted trees

73-112 mph | Peels surface off roofs, windows broken, trailer houses overturned

113+ mph Roofs torn off houses, weak buildings and trailer houses destroyed, large trees uprooted

Severe winds can damage and destroy roofs, toss manufactured homes off their pier
foundations, and tear light-framed homes apart. There are several different types of
windstorms. A “downburst” is a rather underrated thunderstorm threat defined as a strong
downdraft with an out rush of damaging winds on or near the earth's surface. When
people experience property damage from a downburst, they often do not believe that “just
wind” could have caused the damage, and they assume that they were struck by a
tornado. Downbursts may have wind gusts to nearly 130 mph and are capable of the same
damage as a medium-sized tornado. A *“gust front” is the leading edge of the
thunderstorm downdraft air. It is most prominent near the rain-free cloud base and on the
leading edge of an approaching thunderstorm and is usually marked by gusty, cool winds,
and sometimes by blowing dust. The gust front often precedes the thunderstorm
precipitation by several minutes. “Straight-line winds,” when associated with a
thunderstorm, are most frequently found with the gust front. These winds originate as
downdraft air reaches the ground and rapidly spreads out, becoming strong horizontal
flow.

Windstorm History in Minnesota

According to the National Climatic Data Center, between 1/1/1950 to 08/31/2010 there
have been 116 high wind events (58+mph winds or 50.4 knots) events. This data (the
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number of events) is misleading because the same storm data may have been reported at
multiple locations. Due to these events, there were four deaths and over nine million
dollars in property damages. The following table outlines some notable high wind events
in Minnesota history from 1975-2010.

TABLE 10 WINDSTORMS IN MINNESOTA 1975-2010

MONTH/YEAR | LOCATION REMARKS

June 2006 Hennepin Co. Numerous trees down in the Lake Calhoun, Lake of the
Isles, and Lake Harriet areas, with a few roads blocked.
Several small sailboats were tipped over on Lake
Calhoun. A large tree fell onto the roof of a home in the
2300 block of Humboldt Ave. South. Two people were
injured at Cedar Lake when a tree fell on them. About
30,000 electric customers lost power in the western
metro according to Xcel Energy.

September 2005 | Ramsey Co. A severe storm moved out of Anoka County and across
northern Ramsey County, knocking down tens of
thousands of trees. Numerous roads were blocked. One
child was injured in New Brighton from a tree limb
crashing down. One person died in Moundsview while
clearing their property. Property damage report of $25
Million dollars.

September 2005 | Hennepin Co. (countywide) | A large storm swept across most of northern Hennepin
County, accompanied by large hail and a brief tornado.
The wind and hail were responsible for virtually all
damage and a tornado was on the ground only briefly in
Brooklyn Park. Tens of thousands of trees were downed
and many roads were blocked. Some neighborhoods
were without power for more than one week. Property
damage report of 130 Million dollars. Perhaps the most
severe damage occurred in Brooklyn Park with
estimates of at least 10,000 trees downed. Over 90% of
the city lost power. A 45 year old man in the north part
of Minneapolis died after getting out of his car. He was
heading for shelter when a large branch landed on him.

July 2003 Isabella (Lake Co.) A large tree fell on the tent of a couple who were
camping at Jackfish Bay of Basswood Lake. The
woman was killed while her 42 year old fiancé was
knocked unconscious.

June 2003 Cottonwood Strong winds caused widespread tree damage, including
numerous trees blown down. Falling trees damaged
roofs of houses and destroyed the topper of a pickup
truck, and severely damaged another pickup. Power
lines were blown down, resulting in power outages. A
large storage shed was destroyed. The roof of a house
was blown off, and other roof damage to structures was
reported. Property damage was $1 million.

April 2001 Blue Earth, Brown, Dakota, | A strong surface low pressure system moved out of the
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TABLE 10 WINDSTORMS IN MINNESOTA 1975-2010

MONTH/YEAR | LOCATION REMARKS
Faribault, Freeborn, southwestern US and into north central Minnesota by
Goodhue, Le Sueur, Martin, | the early afternoon on the 7th. This system produced
Nicollet, Redwood, Rice, numerous wind gusts in the 50 to 75 mph range across
Scott, Sibley, Steele, portions of southern Minnesota. The highest measured
Waseca, Washington, wind to be reported was 79 mph at Fairmont (Martin
Watonwan County). Property damage was $8 million.

August 2000 Outing A 51 year old male was killed when a tree fell on a tent
he was in near Lake Washburn

July 1999 Northern Minnesota “July 4th Blow down.” Straight-line winds exceeding
90 mph. Extensive areas of downed trees, shoreline
erosion in Superior National Forest and Boundary
Waters Canoe Area Wilderness. Disaster Declaration
#1283.

May 1998 Burnsville 90+ mph winds blew in a brick wall at retail center.
Indoor mall sustained $1 million damages. 2000 trees
blown down. Federal/state disaster assistance
obligation: $33.8 million. Disaster Declaration #1212.

July 1997 Monticello Hurricane force straight-line winds. $20 million
damages to 200 structures. Total federal/state disaster
assistance obligation: $13.5 million.

May 1996 Minneapolis-St. Paul Straight-line winds. Damages to public infrastructure
estimated at $1.45 million.

July 1995 Northern Minnesota “Great Windstorm of 1995.” Intensive and sustained
straight-line winds (129 mph for 20-40 minutes). 6.5
million trees blown down, mostly in isolated areas.
Federal/state disaster assistance: $6.8 million. Disaster
Declaration #1064.

April 1991 Freeborn County Thunderstorms. Empty tractor-trailer truck flipped over.
One fatality.

October 1984 Cass & Otter Tail Counties | Windstorms with 50 mph gusts. Four drown in two
separate lake accidents.

June 1984 Hennepin, Blue Earth, & Windstorm. One death and several injuries.

Faribault Counties

April 1984 Southern Minnesota Snow with strong winds snapped power lines and poles.
Extensive power outages, esp. in rural areas.

September 1983 | West Central and Central Windstorm. One death and two injuries. Extensive

Minnesota damage to a turkey farm in Kandiyohi County.

July 1983 Minneapolis-St. Paul Downburst winds. One fatality. $20 million in property
damages.

July 1983 Douglas County, Winds. Power outages to 250,000 customers. Repair

Minneapolis-St. Paul

expenses to NSP: $2.5 million. 8 injuries.
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TABLE 10 WINDSTORMS IN MINNESOTA 1975-2010

MONTH/YEAR | LOCATION REMARKS

March — April Houston, Freeborn, and Windstorms. Two deaths, several injuries, and some

1982 Martin Counties property damage.

July 1980 Minneapolis-St. Paul Downburst with 110 mph winds. One death. Extensive
damage to homes and apartments. 100,000 homes
without power. Property damages: $43 mil., crops: $1.1
mil.

June 1980 SE Minnesota Windstorm. Extensive personal property damage est. at
$1.4 million and crop damage est. at $4 million. Electric
power interrupted for approximately 35,000.

June 1979 Southern Minnesota Straight-line and downburst winds, occasionally
exceeding 100 mph, resulted in severe damages
estimated to be at least $35 million.

November 1975 | Lake Superior The ore carrier, “Edmund Fitzgerald,” went down as a
result of hurricane force winds.

Source: NOAA

Per the Wind Zones figure, the southern third of the state is in Zone IV, middle third in
111 and northern third in Zone 1.
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Figure 25 Wind Zones in the United States
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The following map indicates that the northwest corner of Minnesota averages about 10 to
30 days of thunderstorms per year while the rest of the state averages about 30-50 days
with thunderstorms per year, per 10,000 sg. miles.
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Figure 26 Thunderstorm Days per Year

Average Number of Thunderstorm Days Per Year
(See key for explanation

KEY
Average nurmber of days
with thunderstorms per

year per 10,000 square miles

Ofever,  [@30-S0 [J70-90
Cho-30 @@so-70 @ENP,

@1999 Oklahoma Climatological Survey.
All rights reserved.

There have been no wind events that resulted in damages, since 2006. The location and
number of reported events (37) since the last Plan are indicated below.
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TABLE 11 WINDSTORMS > 65 KNOTS 2008-
2009

County # of Wind Events

Becker

Big Stone

Cottonwood

Dakota

Goodhue

Grant

Hubbard

Kandiyohi

Koochiching

Lac Qui Parle

Lake of the Woods

Le Sueur

Otter Tail

Renville

Sherburne

Stearns

Swift

Wilkin

Wright

RS S S e ) Y S Y Y S B I (Y NC) BN NS 1 IS, 1 I S B

Yellow Medicine

Data derived from: http://www.spc.noaa.gov/wcm/#qis

The following maps indicate wind speeds greater than 65 knots (and tornado
touchdowns) and windstorm damage per county.
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Figure 27 Tornado Touchdowns and Wind > 65 Knots Locations
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DATA SOURCE: NOAA Storm Data
(http:/fwww.spc.noaa. goviwcmi#data)

Map completed by Minnesota Geospatial
Information Office for HSEM.
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Figure 28 Windstorm Damages

Windstorm Damage
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Probability of Occurrence

Windstorms can occur throughout the State of Minnesota, at any time of year. Most occur
during the months of April through September. This recurrence is expected to remain
relatively stable, although there will be year-to-year fluctuations. Long-term changes in
weather patterns may also influence the number of windstorms that occur. The qualitative
rating for windstorms is High.

Sources of Information
USDA Risk Management Agency
Storm Prediction Center http://www.spc.noaa.gov/wcm/#data

National Weather Service (NWS) historical records and the National Climatic Data
Center; information can be seen on the following web site: www4.ncdc.noaa.gov/cgi-
win/wwecgi.dll?wwevent~storms.
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Hail

A hailstorm is an outgrowth of severe thunderstorms and develops within an unstable air
mass. Warm moist air rises rapidly into the upper atmosphere and subsequently cools,
leading to the formation of ice crystals. These are bounced about by high velocity updraft
(or strong) winds and accumulate into frozen droplets, falling as precipitation after
developing enough weight (FEMA, 1997).

The National Weather Service (NWS) | TABLE 12 ESTIMATING HAIL SIZE
defines severe thu_nderstorms as thos_e with |52 inches in Diameter
downdraft winds in excess of 58 miles an _

hour and/or hail 1.0 inch in diameter or | P 1/4 inch

greater. While only about 10 percent of | Marble/mothball 1/2 inch
thunderstorms are classified as severe, all Dime/Penny 32 inch
thunderstorms are dangerous because they i i

produce numerous dangerous conditions, | "N'oke! 7/8 inch
including one or more of the following: hail, | Quarter 1 inch

strong winds, lightning, tornadoes, and flash | 5jngong Ball 11/2inch
flooding (NWS, Flagstaff). The land area SoTf Bal AT
affected by individual hail events, an average | ©°'f B2 1 3/4 inches

of 15 miles in diameter around the center of | Tennis Ball 2 1/2 inches

the storm, is similar to the area affected by |gasepall 2 3/4 inches

the parent thunderstorm. Hail risk at a point = S

or over an area is a function of the target at | ' -2 “P inches

risk (property or crop) and the hail | Grapefruit 4 inches
frequency, intensity and size. Softball 2 1/2 inches

The size of hailstones varies and is a direct | Source: NWS

consequence of the severity of the

thunderstorm. The lower the height of the freezing level or where the temperature drops
below 32°F above the Earth’s surface, the greater the strength of the updrafts, the longer
the hailstones are suspended, which generally increases the size of the hailstones.
Hailstones vary widely in size, note that hail quarter size (1.0 inch in diameter) or larger
is considered severe.

Hailstorms occur most frequently during the late spring and early summer, when the jet
stream moves northward across the Great Plains. During this period, extreme temperature
changes occur from the surface up to the jet stream, resulting in the strong updrafts
required for hail formation.

Hail causes $1 billion in damage to crops and property each year. The costliest hailstorm
in the United States was in Denver in July 1990 with reported damage of $625 million.
The largest hailstone ever recorded which fell in Aurora, Nebraska on June 22, 2003
measured 7 inch with 18.8 inches in circumference. The heaviest hailstone fell in
Coffeyville, Kansas on September 3, 1970, measured over 5.6 inches in diameter and
weighed almost 2 pounds (NWS).

112



MINNESOTA ALL-HAZARD MITIGATION PLAN

Section Four: Risk Assessment —ldentify and Profile Hazards

Individuals who serve as volunteer “storm spotters” for the NWS are located throughout
the State, and are instructed to report any hail. Hailstorms are frequent occurrences across
the United States. Since 1988, there have been on average nearly 3,000 individual hail
events reported each year. Although they occur in every State on the mainland United
States, hailstorms occur most frequently in the Midwestern States, particularly in Texas,
Oklahoma, Kansas, and Nebraska. Hailstorms can occur throughout the year; however,
most hailstorms occur during the months of April through October. July is the prime
month of crop loss produced by hail.

Hail History

The National Climatic Data Center (NCDC) maintains a list of weather-related disasters
in the United States over the past 21 years, in which overall damages and costs reached or
exceeded $1 billion. Figures reflect direct and indirect damages, costs, and deaths. One of
these billion-dollar disasters is the Minnesota Severe Storms/Hail in May 1998, in which
damaging severe thunderstorms with large hail fell over wide areas of Minnesota,
resulting in over $1.5 billion damage/costs and 1 death. Each year hail storms result in
property and crop damage. In the last three years, 871 hail events were reported.

The NWS reports hail events based on specific geographic areas or distances. Therefore,
a single thunderstorm that produces hail over a broad area may be listed as multiple,
separate hail events. The following summaries combine a number of hail events
occurring during a specific period. In April 1994, two persons were injured and homes
were damaged during a severe thunderstorm, which dropped golf ball-size hail. In July
1994, large hail and strong winds destroyed over 270,000 acres of crops, causing more
than $35 million in damages. In July 1995, hail wiped out over 640 acres of crops,
estimated at $3 million. In May 1996, baseball size hail damaged $500,000 in crops and
$2.7 million in property and injured two farmers.

In June 1996, hail destroyed more than 300,000 acres of crops, estimated at more than $9
million, and caused more than $700,000 in property damages. In July 1997, grapefruit
size hail damaged more than 30,000 acres of crops, resulting in more than $5 million in
crop damage and $200,000 in property damages. In May 1998, hail caused more than $6
million in property damages to an automobile dealership and other structures. In August
1998, hail caused $50 million property damages. In July 2000, large hail destroyed or
damaged more than 30,000 acres of crops, causing $4 million in crop damages, and
caused more than $100,000 for property damages. In August of 2006, hail damaged or
destroyed over 57,000 acres of crops, causing over $7 million in damage and $116
million in property damages. From 2000 to 2006 hail has caused $227 million in property
damages and more than $38 million in crop damages. The figures, however, only
reflected damages reported to the NCDC. These figures do not include the financial
losses related to a significant number of the hail events, as those amounts are
undetermined.

Since the 2008 Plan submittal, there have been four additional damaging hail events, with
no deaths or injuries. These events had damages totaling $872,000 for property damages
and $1.25 million for crop damages.
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Figure 29 Hail Damages

Hail Damage Estimates
1999 to 2009
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The figure above indicates total damages in dollars for hail events for the past ten years.

Insurance data has a number of limitations including the fact that not all farmers have
taken insurance coverage (hail insurance is estimated to cover 25 to 30 percent of all crop
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losses caused by hail). In addition, crop-hail losses shift with time due to the amount of
coverage (liability) and the crop value, as well as the temporal variations in hail
occurrences, which are large.

Hailstorms cause nearly $1 billion in property, livestock, and crop damage each year.
Severe hailstorms cause considerable damage to buildings, automobiles, and airplanes.
Significant property damage does not occur until hailstone size reaches about 1.5 inches
in diameter. This size will cause damage to cars, windows, and siding. When hailstones
get larger and approach three inches in diameter, roofs start to experience major damage.

Damage depends not only on the size of the hail but upon depends on the hardness of the
stones, the angle of the impact and wind speed while the hail is in progress. Rapidly
increasing hail damages to property have brought average annual losses to $1.2 billion (in
1997-adjusted dollars) during the 1990s.

Hail crop losses in recent years nationally are estimated at $1.3 billion annually,
representing between one and two percent of the annual crop value. Hail losses vary
considerably regionally, representing, for example, one to two percent of the crop value
in the Midwest, five to six percent of the crops produced in the High Plains and much less
elsewhere in the nation. Crops are vulnerable to damage especially as peak hailstorm
activity coincides with the Midwest’s peak agricultural seasons for wheat, corn, barley,
oats, rye, tobacco, and fruit. Long-stemmed vegetation is particularly vulnerable to
damage by hail impact and accompanying winds. U.S. Department of Agriculture
(USDA), Federal Crop Insurance Corporation maintains multi-peril indemnity amounts
for crop losses by various hazards including hail.

Probability of Occurrence

Minnesota has experienced an annual average of 548 hail events per year during the
period between 2000 and 2010 (5,487 total events/10 year period = 548). During that
time there has been over 4.7 million dollars in property damages and 4.25 million in crop
damages (for incidents recording over $100K in damages).

The frequency of hail indicates a high of three to four days annually in southwestern
Minnesota, decreasing to near two days in the northern portion of the State. The month
with the most hail is June, with May next, and then July. During these three months,
about 60 percent of the hail occurs; June has 24 percent, May has 20 percent and July has
16 percent. The size of the hail reported is generally in the pea to dime-sized category,
with several reports annually of baseball-size and larger.

The annual probability of hail occurring somewhere in the State is clearly quite high.
However, the site-specific incidence of hail is considered low because of the localized
nature of the hazard.

Sources of Information
Blueprint for Safety (2003). Hail Formation.
www.blueprintforsafety.org/hail/hail01.htm

NCDOC list of Billion Dollar U.S. Weather Disasters
www.ncdc.noaa.gov/ima/reports/billion/billion2006.pdf
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NCDC Storm Events Database www4.ncdc.noaa.gov/cqi-
win/wwcqi.dl?wwEvent~Storms

Summary of Natural Hazard Statistics www4.ncdc.noaa.gov/cgi-
win/wwecgi.dlI?wwEvent~Storms

Stanley A. Changnon, Jr. “Data and Approaches for Determining Hail Risk in the
Contiguous United States,” Journal of Applied Meteorology, Volume 38, No. 12, pp.
1730-1739.

Stanley A. Changnon, Jr. and David Changnon “Long-Term Fluctuations in Hail
Incidences in the United States,” Journal of Climate, Volume 13, No. 3, pp. 658-664.

Lightning

Lightning typically occurs as a by-product of a thunderstorm. The action of rising and
descending air in a thunderstorm separates positive and negative charges, with lightning
the result of the buildup and discharge of energy between positive and negative charge
areas. Water and ice particles may also affect the distribution of the electrical charge. In
only a few millionths of a second, the air near a lightning strike is heated to 50,000°F, a
temperature hotter than the surface of the sun. Thunder is the result of the very rapid
heating and cooling of air near the lightning that causes a shock wave.

The hazard posed by lightning is significantly underrated. High winds, rainfall, and a
darkening cloud cover are the warning signs for possible cloud-to-ground lightning
strikes. While many lightning casualties happen at the beginning of an approaching
storm, more than half of lightning deaths occur after a thunderstorm has passed. The
lightning threat diminishes after the last sound of thunder, but may persist for more than
30 minutes. When thunderstorms are in the area, but not overhead, the lightning threat
can exist when skies are clear. Lightning has been known to strike more than 10 miles
from the storm in an area with clear sky above.

According to the National Oceanic and Atmospheric Administration (NOAA), an average
of 20 million cloud-to-ground flashes has been detected every year in the continental
United States. About half of all flashes have more than one ground strike point, so at least
30 million points on the ground are struck on the average each year. In addition, there are
roughly 5 to 10 times as many cloud-to-cloud flashes as there are to cloud-to-ground
flashes (NOAA, July 7, 2003).

Lightning is the most dangerous and frequently encountered weather hazard that most
people in the United States experience annually. Lightning is the second most frequent
killer in the U.S., behind floods and flash floods, with nearly 100 deaths and 500 injuries
annually. These numbers are likely to underestimate the actual number of casualties
because of the under reporting of suspected lightning deaths and injuries. Cloud-to-
ground lightning can kill or injure people by either direct or indirect means. The lightning
current can branch off to strike a person from a tree, fence, pole, or other tall object. It is
not known if all people are killed who are directly struck by the flash itself. In addition,
electrical current may be conducted through the ground to a person after lightning strikes
a nearby tree, antenna, or other tall object. The current also may travel through power
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lines, telephone lines, or plumbing pipes to a person who is in contact with an electric
appliance, telephone, or plumbing fixture. Lightning may use similar processes to
damage property or cause fires.

Lightning History in Minnesota

From 1/1/1990 to 9/30/2010, there were 183 lightning strikes in Minnesota with 10
fatalities and 70 injuries due to lightning strikes, according to NOAA. Lightning caused
over $12.87 million in property damages and $65,000 in crop damages.

During a measured period of years in Minnesota (1959-1992), 31% of lightning deaths
occurred in open fields, ball parks and open spaces; 25% occurred under trees; 10%
occurred during boating, fishing or other water related activities; 12% occurred near
tractors and heavy road equipment; and 2% occurred on golf courses (4% occurred at
telephones; and 17% occurred at various other and unknown locations).

During that same time period, 13% of lightning injuries occurred in open fields, ball
parks and open spaces; 18% occurred under trees; 6% occurred during boating, fishing or
other water related activities; 5% occurred near tractors and heavy road equipment; and
11% occurred on golf courses (10% occurred at telephones; and 36% occurred at various
other and unknown locations).

Lightning injuries in Minnesota have occurred during the same months, with the most
injuries recorded May through August. Since the 2008 Plan, six additional persons were
injured by lightning.

TABLE 13 LIGHTNING INJURIES REPORTED IN MINNESOTA 2008-2010
Location or County Date Injuries
Minneapolis/St. Paul, Hennepin County 4/22/2008 3

Mora, Kanabec County 6/27/2008 1

Waite Park, Stearns County 5/6/2009 1
Nopeming, St. Louis County 7/27/2010 1

The number of deaths due to lightning strikes from 6/19/1994-8/31/2010 is listed below.
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TABLE 14 LIGHTNING DEATHS REPORTED IN MINNESOTA

Location or County Date Deaths
1 Erskine 6/19/1994 1
2 Newfound Lake 7/13/1995 1
3 Forest Lake 8/11/1995 1
4 Ely 6/28/1996 1
5 Grand Marais 8/6/1996 1
6 Meire Grove 6/26/1998 1
7 White Bear Lake 8/9/1998 1
8 Bowstring , Itasca County 06/08/2007 1
9 Waite Park , Stearns County 05/06/2009 1
10 Stillwater , Washington County 07/21/2009 1
TOTAL 10

Source: NOAA
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Table 15 Major Lightning Strikes

Major Lightning Strikes
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Probability of Occurrence

The probability of lightning occurring is high in the State. However, the site-specific
incidence of lightning is considered low because of the localized nature of the hazard.
The annual incidence of lightning across the State is presumed to remain stable, although
year-to-year fluctuations are expected.

Sources of Information

Federal Emergency Management Agency. 1997. Multi-Hazard Identification and Risk
Assessment — A Cornerstone of the National Mitigation Strategy.
www.fema.gov/fhm/dl_mbhira.shtm

National Oceanic and Atmospheric Administration. July 7, 2003. “Lightning.” Available
from the World Wide Web at: www.noaa.gov/lightning.html

University Corporation for Atmospheric Research (UCAR). 2000. Formation of
Lightning. Available from the World Wide Web at:
www.windows.ucar.edu/tour/link=/earth/Atmosphere/tstorm/lightning_formation.html.

National Weather Service (NWS) historical records and the National Climatic Data
Center; information can be seen on the following web site: www4.ncdc.noaa.gov/cgi-
win/wwecgi.dll?wwevent~storms
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Coastal Erosion

Coastal erosion is defined as the wearing away of land and the loss of beach, shoreline, or
dune material over a period of time as a result of natural coastal processes or human
influences. Characteristics such as supply of sand and processes such as sea level change,
currents, tides, waves, and wind are natural factors that contribute to the rate of erosion.
Human-caused contributors to erosion include dredging tidal entrances, jetty and groin
construction, hardening shorelines with seawall, beach nourishment, and construction of
harbors and sediment-trapping dams.

As high lake levels increase, bluff recession rates also increase. Increasing assaults by
wave action against the base of the bluff cause erosion and beach-building sediments.
Navigational improvements and dredge-material disposal practices deplete both tributary
and shoreland sources of sediment; removing these sediments from the shore system
contributes to erosion. Ice ridges that form and break up each winter along the shoreline
cause erosion by trapping sand in floating fragments of ice that are carried offshore into
deep water. This continual natural process is one of the principal mechanisms by which
sand is lost from the near shore system (USGS, 1992).

Figure 30 Coastal Boundary
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Coastal erosion is usually a gradual process, and sudden incidents prompting emergency
action are rare. Such rare events include strong storms with high winds or heavy wave
action that can cause sudden failure of bluffs.
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Coastal property owners are acutely aware of hazards during periods of high water levels
and especially right after a damaging storm or a bluff failure, but this awareness can fade
over time if low lake levels slow the erosion rate.

Coastal Erosion history in Minnesota

Northeast Minnesota has 189 miles of Lake Superior shoreline and a coastal population
of over 212,000. Erosion along 36 miles of unstable, tall clay shoreline is a particular
problem. Typically, shorelines are quite high—often greater than 25 feet—and erosion
and bluff instability can harm the aquatic zone near the shore. See Lake Superior water
levels through December 2010.

Figure 31 Lake Superior Water Levels
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Minnesota’s Department of Natural Resources administers the Lake Superior Coastal
Program; it provides pass through grants from the federal government’s Coastal Zone
Management Program. The coastal waters for Lake Superior include connecting waters,
harbors, roadsteads, and estuary-type areas such as bays, shallows, and marshes - and
protection zones. The Coastal Program Boundary includes Cook, Lake, St. Louis and
Carlton counties. The Lake Superior Basin drainage includes the above counties and parts
of Pine, Aitkin and Itasca counties.
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Since the 2008 Plan, the North Shore Management Board (NSMB) has published an
“Erosion Hazard Area Planning Process Definition” document. The NSMB is responsible
for the North Shore Management Plan (NSMP) to address and update the Erosion Hazard
Map Area. The Lake Superior shoreline is prone to erosion, due to large fluctuation of
water levels and also the wave volume and force that can quickly destroy and relocate
shorelines. Erosion continues to be an important topic because it can cause dangerous
living conditions, property destruction, and affect values on lakeshore properties. As the
North Shore continues to grow in popularity, there continues to be more development
focused on the lakeshore.

Continued shoreline development is inevitable and contributes to erosion problems.
Erosion rates can accelerate with increases in impervious surfaces, changing and
eliminating vegetation cover, and alterations to beach makeup. Serious situations are rare
but massive/fast erosion can occur during one storm event leaving houses dangling from
cliffs or beginning to slide down hillsides. The effective management of areas with high
erosion potential is necessary to protect property owners, and provide measures for
reducing erosion.

The NSMP sets standards that are aimed at reducing stormwater runoff, which has a large
impact on bluff deterioration. The NSMP advocates for stormwater runoff plans
conducted by professionals, vegetation management, and managing soil when performing
construction activities. The other way the NSMP protects property owners from the direct
affects of erosion is through lake setbacks. The current riparian setback from the
permanent vegetation line of Lake Superior is 40 feet or 75 feet from the average water
level, whichever is greater. This provides a buffer from the bluffline to protect the
structures.

The NSMP also has structure setbacks for erosion hazard areas:

Structures and soil absorption areas shall be setback the annual erosion rate times
50 plus 25 feet (to allow for structure relocation) from the top edge of the eroding
bluff. Where slumping is evident, the setback shall be measured from the
uppermost shear zone (point at which the soil separates and slumping begins). In
the absence of an established long-term erosion rate, the setback shall be 125 feet.

The structure setback and the location of the soil absorption areas can be modified
by variance if the landowner provides technical data proving a different recession
rate or that the erosion hazard, although correctly estimated, can be mitigated by
structural protection. The setback, however, shall not be reduced to less than the
setback standards detailed in the zoning standards portion of this chapter.

To properly plan for erosion along the North Shore, there needs to be a redefinition of the
areas. The definition will involve a process for accurately identifying boundaries to the
known areas so that they can be more readily utilized through local zoning ordinances.
The NSMP is investigating methods and new technologies to provide accurate
measurements or shoreline erosion over time including high resolution aerial photographs
and Global Positioning System measurements.
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Probability of Occurrence

Minnesota's Lake Superior Coastal Program Final Environmental Impact Statement
states, “Geologic processes are constantly reworking Lake Superior and its shore. While
the processes generally act very slowly to yield almost unperceivable changes, the
combination of beach and bluff erosion associated with rising water levels of Lake
Superior has, and will continue to cause, considerable changes along the shoreline of
Lake Superior.”

Coastal erosion for Lake Superior and other lakes in the Great Lakes Basin are caused by
many dynamic factors, including the duration of flooding from high water levels (days to
months), storm surge (hours to a day) and wave runups (seconds to hours). It is difficult
to estimate the annual amount of coastal erosion on Lake Superior. Erosion of dunes and
beaches may be as wind and waves build or remove their materials. Erosion of bluffs and
banks is by nature irreversible.

The NSMB is in the process of deciding how to map the erosion hazard, since the last
map detailing erosion hazard areas was produced in 1988. There are multiple methods
and steps involved in developing erosion rates for the erosion hazard mapping project.
One method is developing maps to track the shoreline movements over time. The
shoreline will need to be measured from the same identifier, whether it is the original
high water line, edge of vegetation, or the toe of the slope. In areas where there is
significant erosion the erosion reference lines will be spaced further and areas with
minimal erosion will have minimal space between the erosion reference lines. This will
provide a visual analysis of the shoreline movement over the timeframe. It is a costly
endeavor and the group is investigating project partners and funding agents.

In June of 2009, an Erosion Forum was held and a resource guide was published. The
complete erosion hazard map is not yet complete. When the resource guide and map are
complete, they will provide a useful tool for local governments and their planning efforts.

Sources of Information

Minnesota Department of Natural Resources, Lake Superior Coastal Program,
www.dnr.state.mn.us/waters/lakesuperior/index.html

www.dnr.state.mn.us/waters/lakesuperior/feis/part3.html#Al

University of Wisconsin Sea Grant Institute
seagrant.wisc.edu/coastalhazards/Default.aspx?tabid=438

www.nrri.umn.edu/coastalGIS/Datalndex.html

http://www.Ire.usace.army.mil/ kd/ltems/actions.cfm?action=Show&item id=3886&dest
ination=Showltem

North Shore Management Board, “Erosion Hazard Area Planning Process
Definition” http://www.arrowheadplanning.org/documents/North%20Shore%20Manage
ment%20Plan%20Update/ErosionHazardAreaPlanningDefinitionProcess.pdf May 2008
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North Shore Management Board, “Erosion Forum Summary and Resource
Guide” http://www.arrowheadplanning.org/documents/North%20Shore%20Management
%20Plan%20Update/ErosionForumSummaryFINAL.pdf June 2009

Severe Winter Storms

Winter storms vary in size and strength and include heavy snowstorms, blizzards,
freezing rain, sleet, ice storms and blowing and drifting snow conditions. Extremely cold
temperatures accompanied by strong winds can result in wind chills that cause bodily
injury such as frostbite and death. Severe winter and ice storms can cause unusually
heavy rain or snowfall, high winds, extreme cold, and ice storms throughout the
continental United States.

Winter storm occurrences tend to be very disruptive to transportation and commerce.
Trees, cars, roads, and other surfaces develop a coating or glaze of ice, making even
small accumulations of ice extremely hazardous to motorists and pedestrians. The most
prevalent impacts of heavy accumulations of ice are slippery roads and walkways that
lead to vehicle and pedestrian accidents; collapsed roofs from fallen trees and limbs and

heavy ice and snow loads; Figure 32 Wind Chill Chart
and felled trees, telephone

poles and lines, electrical ) s . s
wires, and communication NS4 Wind Chill Chart {&9:
towers. As a result of F—————
severe ice storms, o e
telecommunications  and > . =
power can be disrupted for s 2 P 42 =
days. Such storms can also & 1S 29 46 53 60 -
cause exceptionally high [E i B . - -
rainfall that persists for 2 BN o2 <o o7 -
days, resulting in heavy ‘f, e 55 oz o3 -
flooding. FrostbiteTimes [l 30 minutes [ 1ominuter [ 5 minutes

. Wind Chill (°F) =35.74 + 0.6215T - 35.75(V?-1%) 4+ 0.4275T(V16)
W|nter StormS present a Where, T= Air Temperature (°F) V=Wind Speed (mph)} Effective 11/01/01

serious threat to the health and safety of affected citizens and can result in significant
damage to property. Heavy snow or accumulated ice can cause the structural collapse of
buildings, down power lines or isolate people from assistance or services.

The wind chill temperature is how cold people and animals feel when outside. Wind chill
is based on the rate of heat loss from exposed skin caused by wind and cold. As the wind
increases, it draws heat from the body, driving down skin temperature and eventually the
internal body temperature. Therefore, the wind makes it feel much colder. If the
temperature is 00 F and the wind is blowing at 15 mph, the wind chill is -19 F. At this
wind chill temperature, exposed skin can freeze in 30 minutes.

The NWS issues a Wind Chill Advisory for Minnesota when widespread wind chills of -
40 F or lower with winds at least 10 miles per hour (mph) are expected. In some parts of
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southern Minnesota, the threshold may be -35 F. A Wind Chill Warning is issued when
widespread wind chills of -40°F in northern Minnesota and -35°F in southern with winds
greater than 10 mph are expected.

Since the last version of the state Plan, two additional persons have died due to exposure.

Winter Storm History in Minnesota

The topography, land-use characteristics and winter climate of western and southern
Minnesota cause this area to be particularly vulnerable such that blowing and drifting
snow is a common occurrence. The number of days with potential problems ranges from
115 in the south to 155 in the north. For an average winter season, taxpayers in
Minnesota spend approximately Figure 33 Mean Annual Snowfall

$100 million in  snow

removal costs, with MnDOT I
expending $41 million. In the
event of a winter season with
anomalously high snowfall
and  exceedingly  strong
winds, as was the case for
much of the state during the
winter of 1996-97, the cost
of snow removal can soar to
$215 million. See Mean
Annual Snowfall in the State.

Source; Minnesota
Climatology Working Group

Snowfall {in}

Blizzards

The following table shows
the history of blizzards in
Minnesota, noting significant losses and/or meteorological events. Most notable are the
“Armistice Day Blizzard” in November 1940 in which there were 49 deaths; “The Storm
of the Century” in January 1975 in which there were 14 deaths; the blizzard in February
1984 in which there were 16 deaths; the “Halloween Monster Storm” of 1991 which did
not result in any deaths, but set staggering snowfall records; and the unprecedented series
of blizzards in November 1996 through January 1997 which resulted in a Presidential
Disaster Declaration (DR-1158-MN). The following is a brief summary of blizzard
events in Minnesota during that season.

November 16-17, 1996 Blizzard in NW and WC
December 17-19, 1997 Blizzard in western and southern counties
December 20-21, 1997 Blizzard in NW
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December 23, 1997 Blizzard in WC

December 31, 1997 New Year's Eve Blizzard in NW
January 4-5, 1997 Blizzard in western counties

January 9-10, 1997 Blizzard in western and southern counties

January 15-16, 1997 Blizzard in western counties

January 21-22, 1997 Blizzard in western counties

March 4, 1997 Blizzard in WC

April 5-6, 1997 Blizzard in western counties during flood fight

The total seasonal snowfall at Fargo-Moorhead was 117 inches, setting up the record-
setting flood of 1997 in the Red River Valley.

More recently, 2010 has had numerous snowfall events. The December 10-11 Blizzard is
the 5th largest snowstorm on record for the Twin Cities since 1891. This is largest
snowfall for the Twin Cities since the 1991 Halloween Blizzard - 17.1 inches of snow
fell. The highest snowfall total found in the state was 23 inches measured at Winona
Dam. Three additional inches fell with a lighter snow storm on December 9th at Winona
and is not included with the total. December 15-16 an additional 6 inches fell in central
and southern Minnesota. The fourth snowstorm for December 20-21, 2010 added to the
deepening snowpack across Minnesota.

TABLE 16 HISTORIC WINTER STORMS AND BLIZZARDS

DATE

LOCATION

REMARKS

12/20-
21/2010

Rochester, MN

On December 20th, the official snow observer
near Rochester International Airport reported that
another 6.1 inches of snow had fallen. This raised
the December snowfall total to 37.8 inches. This
makes it not only the snowiest December on
record, but also the snowiest month ever. The
previous snowiest December and month was 35.3
inches back in 2000. Normally, Rochester MN
receives 52.7 inches during an entire snow
season.

12/10-
11/2010

Various

The largest snowfall for the Twin Cities since the
1991 Halloween Blizzard began late Friday night
and continued through the day on Saturday. 17.1
inches of snow fell at the Twin Cities
International Airport. Not only is this the largest
snowstorm on record for December for the Twin
Cities, but this storm is the fifth largest snowfall
in a single storm to hit the Twin Cities since
1891.

Heavy snow with visibilities of a quarter mile or
less was reported at the Twin Cities Airport for
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TABLE 16 HISTORIC WINTER STORMS AND BLIZZARDS

DATE

LOCATION

REMARKS

eight hours straight from 9am to 4pm December
11.

Blizzard warnings were posted on December 11
for all of southern Minnesota, including Carver,
Scott and Dakota Counties of the Twin Cities.
The Twin Cities International Airport was closed
for a time.

The Metrodome collapsed under the weight of the
snow. For days afterward, cities struggled to
remove the snow from streets and sidewalks.
School was cancelled for two days for St. Paul
and Minneapolis.

12/3-
4/2010

A widespread area of snowfall impacted southern
and central Minnesota. Widespread reports of 9 to
12 iinches of snow, with the maximum observed
snowfall being 11.7 inches near Lakeville, MN

11/29-
30/2010

Multiple

Portions of the state saw 5 to 10 inches of snow.
Totals for the month of November was 9.8 inches
in the Twin Cities. This event ensured six
measurable days with snowfall in
November in the Twin Cities. Redwood County
saw 10" of snowfall.

11/13/2010

Multiple

Three days after a record high temperature of 68°
in the Twin Cities, the weather turned around
quite fiercely with the first winter storm of the
season. 8.0" was officially observed at the
Minneapolis/St. Paul International Airport. This
was the largest pre-Thanksgiving, as well
as November snowfall, for the Twin Cities since
the "Halloween Blizzard" of October 31-
November 2, 1991.

1/25/ 2010

Multiple

Northwest winds gusting to around 50 mph
combined with existing heavy and loose snow
cover to produce widespread visibilities of a
quarter mile or less in blowing snow. Travel was
impossible for most of the afternoon and early
evening. Schools, businesses, and roads were
closed, including Interstate 90.

1/6/2010

Multiple

Snowfall of 4 to 8 inches, previously existing
snow cover, and northwest winds gusting to over
40 mph produced widespread blizzard conditions,
with visibilities less than a quarter mile. New
snowfall included 7.5 inches at Currie. Schools
and businesses were closed, and travel became
impossible in much of the area. The wind
combined with cold temperatures to produce wind
chills colder than 35 below zero during the latter
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TABLE 16 HISTORIC WINTER STORMS AND BLIZZARDS

DATE

LOCATION

REMARKS

part of the storm. This extreme cold continued
into the next day, Friday, January 8th.

12/24/2009

Multiple

As the area of low pressure stagnated over lowa,
it deepened and brought stronger north to
northeast winds to the Red River Valley portion
of northwest Minnesota. The combination of
snow and strong winds brought whiteout
conditions to this portion of northwest Minnesota.
One rarity of the blizzard was the relatively warm
temperatures (20s) that held throughout the event.
Conditions finally improved on the morning of
the 26th, but it took a long time to dig out from all
the snow. Interstate 94 was closed for an extended
period of time, with travel and all other activities
essentially shut down. Many of the larger cities
spent thousands of dollars on employee salaries,
fuel, and maintenance costs for plowing snow.
Storm total snowfall amounts generally ranged
from one to two feet, with the most snow reported
over the central Red River Valley.

1/12/2009

Multiple

A fast moving, but intense Alberta Clipper
system, brought light snowfall across much of
southern and portions of west central Minnesota
Monday January 12th. However, very strong
winds developed as an area of low pressure
intensified across central Minnesota. This caused
blizzard, or near blizzard conditions across a
portion of west central Minnesota Monday
morning, with winter storm conditions spreading
south and east across the remainder of southern
Minnesota during the afternoon and evening of
January 12th. A blizzard watch was issued over
36 hours before the event began, with winter
storm warnings issued 6 to 12 hours before
blizzard conditions were met across west central
Minnesota. Several areas along the far western
border of Minnesota reported sustained winds of
30 to 40 mph, along with frequent gusts of 45 to
50 mph near Madison, Appleton, and other areas
across Lac Qui Parle, western Chippewa, and
western Swift counties. Even though not all areas
reported three consecutive hours of sustained
winds of 30 to 40 mph along with visibilities of
1/4 of a mile or less, numerous communities had
several hours of one mile or less in blowing snow,
with wind gusts of 30 to 40 mph. Some areas of
east central Minnesota did not receive the strong
winds, but a few bands of intense snowfall rates
caused areas just south of the Twin Cities to
receive between four and six inches of snow.
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TABLE 16 HISTORIC WINTER STORMS AND BLIZZARDS

DATE

LOCATION

REMARKS

Even after the snow stopped during the evening,
strong winds and falling temperatures caused
dangerously cold wind chill values. The following
are wind chill values obtained during the height of
the coldest temperatures and highest wind speeds
around the area. Glenwood at -46, Morris at -45,
Alexandria at -43, St. Cloud at -43, Benson at -42,
Princeton at -42, Albert Lea at -40, and Lakeville
at -40.

4/25/2009

Multiple

An unusual late April winter storm hit the
Northern Plains and Upper Midwest Friday (25th)
and Saturday (26th). A low pressure system
pushed northeast across lowa Friday into
Wisconsin Saturday. The storm blanketed much
of far southeastern North Dakota and North and
West Central Minnesota with more than 8 inches
of snow. An area near Wahpeton, ND and Fergus
Falls, MN got more than 12 inches. Gusty
northerly winds produced blizzard and near
blizzard conditions across West Central
Minnesota, resulting in the closure of parts of
Interstate 94  Saturday morning  between
Alexandria and Moorhead, MN. Travel was not
advised in many other areas as well.

12/13/2008

Multiple

A potent surface low pressure system moved out
of Colorado late Saturday (13th) and tracked
northeast to the Minneapolis area by noon on
Sunday (14th). This created a strong temperature
gradient across the northern plains, with Devils
Lake (ND) at 15 below zero and the Minneapolis
(MN) area around 30 above by noon Sunday. As
the system intensified over eastern Minnesota,
northwest winds began to gust to around 50 mph
with wind chills colder than 40 below zero. Quite
a bit of snow also accompanied the wind, which
created whiteout conditions for an extended
period of time. A blizzard this bad had not been
seen since the winter of 1996/97, so the impact on
the area was tremendous. Stores closed for
portions of the weekend during the busy holiday
shopping season. Interstate 94 was closed from
Jamestown (ND) to Alexandria (MN). U.S.
Highway 10 was closed from Moorhead to
Detroit Lakes and U.S. Highway 2 was closed
from East Grand Forks to Crookston. No travel
was advised across the area. Church services,
schools, and many other activities were cancelled
or delayed. There were other minor power
outages across the area as well.
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TABLE 16 HISTORIC WINTER STORMS AND BLIZZARDS

DATE

LOCATION

REMARKS

4/10/2008

Multiple

Snow, beginning as rain and freezing rain, fell
from just after noon on April 10" to the morning
of April 11™. The snow accumulated 5 to 8 inches
with the 8 inch report 5 miles north of Ivanhoe.
The snow was accompanied by north winds
averaging around 30 mph and gusting to 45 mph.
This produced blizzard conditions, with zero
visibilities and drifting snow making travel
impossible. Schools and numerous businesses
were forced to close. Power outages were
reported as power lines fell from the weight of the
wet snow and the strong winds.

2/9/2008

Multiple

A cold front moved into Minnesota, along a line
from near Baudette to Detroit Lakes. Very little
snow fell as the front moved through, as most
locations reported an inch or less. However, north
to northwest winds gusted from 45 to 55 mph
behind the front, causing ground blizzard
conditions in open country with wind chills from
25 below to 40 below zero. Snow plows were
pulled in many areas, and some school events
were cancelled. Interstate 94 was closed from
Moorhead to Fergus Falls, U.S. Highway 2 was
closed from East Grand Forks to Crookston, and
U.S. Highway 75 was closed in Polk County.

1/29/08

multiple

An arctic cold front swept across southeast
Minnesota during the morning of January 29. This
system was accompanied by snow, with highest
accumulations of 2 to 5 inches mainly along and
north of a line from Austin (Mower County) to
Wabasha (Wabasha County). Strong northwest
wind gusts of 40 to 50 mph caused considerable
blowing snow. In fact, blizzard conditions were
reported in some locations such as Dodge Center
(Dodge County), Rochester (Olmsted County)
and Austin (Mower County). Conditions became
dangerous very quickly as the snow started and
winds dramatically increased. In Rochester, the
temperature plummeted from 40F at midnight on
the 29th to -12F shortly after 11 p.m. in the
evening. This 52 degree drop tied a record for the
sixth largest temperature change in a calendar day
and was the largest temperature change in a
calendar day since January 18, 1996. Southbound
Interstate 35 was closed from Owatonna to Albert
Lea.

2/28/07-
3/2/07

Cook, Lake, St. Louis, Carlton

Blizzard brings over 20 inches of snow and winds
exceeding 50 mph to the Duluth area. A week
earlier, the Duluth area received over 12 inches of
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TABLE 16 HISTORIC WINTER STORMS AND BLIZZARDS

DATE

LOCATION

REMARKS

snow in another blizzard event that dumped over
two feet of snow on SE Minnesota.

3/2/2007

Big Stone, Traverse

None reported.

3/1/2007

Clay, Wilkin Cottonwood, Jackson,
Lincoln, Lyon, Murray, Nobles,
Pipestone, Rock, Cook, Lake, St. Louis,
Carlton

New snowfall of 12 to 15 inches beginning early
morning on March 1st and continuing into the
night of March 2nd was accompanied by
sustained winds of over 30 mph at times with
gusts over 40 mph. Schools and school activities
were cancelled and numerous businesses closed.
Power outages were reported as the heavy snow
and strong winds brought down power lines.

1/24/2006

Clay, Grant, Norman, Becker, Otter
Tail, Wilkin, Kittson

A burst of strong northwest winds worked up the
Red River Valley, causing a four hour period of
ground blizzard conditions. Wind speeds peaked
between 50 and 60 mph and occurred with just a
little light snow. The Minnesota State Patrol
closed Interstate 94 between Moorhead and
Fergus Falls. A six vehicle accident occurred on
Interstate 94 at exit 54 (in Fergus Falls), which
left three people injured.

11/28/2005

Becker, Chippewa, Clay, Clearwater,
Grant, Hubbard, Lac Qui Parle,
Lincoln, Lyon, Mahnomen, Norman,
Otter Tail, Pipestone, Rock, Stevens,
Swift, Wadena, Wilkin, Yellow
Medicine

Blizzard conditions with no deaths. Visibilities
were frequently reduced to near zero and travel
was made impossible in many areas. Many
schools and businesses were forced to close.
There were a few reports of minor damage caused
to homes and vehicles by the strong winds. Ice
buildup from a period of freezing rain disabled
four substations owned by Minnesota Valley
Cooperative Light and Power, located near the
South Dakota border in Lac Qui Parle County.
Power lines were also severed across portions of
Chippewa, Lac Qui Parle and Yellow Medicine
Counties during the morning hours after sunrise.
Numerous automobile and truck accidents were
reported across the region.

11/27-
11/29/05

Beltrami, Clearwater, Clay, Lake of the
Woods, Marshall, Norman, Pennington,
Polk, Red Lake, Roseau, Wilkin

A winter storm that caused over $3.9 million in
damages. An inverted trough stretched into the
Red River Valley, from a low pressure system
passing through the central plains. The
precipitation began as a mixture of rain and
freezing rain, falling quite heavily at times.
Thousands of people lost power as several
thousand wooden power poles were snapped.
Roads were blocked by fallen trees, branches, and
power lines. Many vehicle accidents and several
injuries were reported due to the treacherous road
conditions. Clay, Norman, and Wilkin Counties
received a Presidential Disaster Declaration.
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TABLE 16 HISTORIC WINTER STORMS AND BLIZZARDS

DATE LOCATION REMARKS
1/22/2005 | Dodge, Fillmore, Mower, Olmsted Wind gusts as high as 40 to 50 mph caused
blowing snow to reduce visibility to zero at times.
Snow drifts in some areas were 4 to 6 feet deep,
which made numerous highways impassable.
1/21/2005 | Becker, Big Stone, Blue Earth, Brown, | Blizzard conditions with wind speeds up to 64
Chippewa, Clay, Douglas, Faribault, | MPH. Scattered power outages were reported in
Freeborn, Grant, Kandiyohi, Kittson, | Redwood, Brown and Watonwan counties after
Lac Qui Parle, Le Sueur, Mahnomen, | ice coated power lines were blown down by the
Marshall, Martin, Mecleod, Meeker, | high winds. Numerous automobile accidents were
Nicollet, Norman,  Otter  Tail, | also reported region wide during the storm.
Pennington, Polk, Pope, Red Lake, | Hundreds of vehicles were reported in the ditch.
Redwood, Renville, Rice, Roseau,
Sibley, Steele, Stevens, Swift, Traverse,
Waseca, Watonwan, Wilkin, Yellow
Medicine
2/11/2003 | Blue Earth, Brown, Chippewa, | A strong and fast moving cold front plowed out of
Douglas, Faribault, Freeborn, | the Canadian Prairies and into Minnesota,
Kandiyohi, Lac Qui Parle, Le Sueur, | bringing a quick snow that totaled two to three
Martin, Mcleod, Nicollet, Pope, | inches. The powdery snow was whipped around
Redwood, Renville, Sibley, Steele, | by winds frequently gusting over 45 mph
Stevens, Swift, Waseca, Watonwan, | producing  near-zero  visibility.  Whiteout
Yellow Medicine conditions were prevalent throughout the open
terrain  of west central and south central
Minnesota.
3/9/2002 Dodge, Fillmore, Houston, Mower, | As a deep low pressure moved into the northern
Olmsted, Wabasha, Winona Great Lakes, it produced west winds of 30 to 40
mph, with gusts around 50 mph. Even though
only an inch or less of new snow had fallen, the
very strong winds produced whiteout conditions,
with visibility 1/4 mile or less. The poor visibility
combined with falling temperatures caused
numerous accidents and 1 fatality and 6 injuries.
3/8/2000 Clay, Clearwater, Mahnomen, Norman, | Blizzard conditions with no deaths reported.
Polk
12/19/1999 | Kittson Blizzard conditions with no deaths reported.
3/17/1999 | Kittson, Marshall, West Polk Blizzard conditions with no deaths reported.
2/12/1999 | Kittson, Marshall, Norman, Pennington, | Early morning blizzard conditions with peak
Red Lake, Roseau, West Polk winds reported to 52 miles per hour (mph). No
deaths reported.
12/18/1998 | Kittson, Marshall, Norman, West Polk Blizzard conditions with no deaths reported.
11/10/1998 | Northwest region No deaths reported and no dollar estimates listed.
11/9/1998 | Cottonwood, Jackson, Lincoln, Lyon, [ No deaths reported; $200,000 in property damage.

Murray, Nobles, Pipestone, Rock, Big
Stone and Traverse
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3/13/1998 | Becker, Clay, Kittson, Mahnomen, | No deaths reported, but $15,000 in property
Marshall, Norman, Pennington, Polk, | damage was reported.
Red Lake, Roseau, West Polk
4/5/1997 Clay, Kittson, Marshall, Norman, West | Blizzard conditions. Three injuries reported. An
Polk, Wilkin estimated $25 million in damage, mainly loss of
livestock.

4/5/1997 Big Stone, Traverse Blizzard conditions, no deaths or injuries. North
winds blew to 40-60 miles per hour (mph). Wind
chills fell to 15 to 30 below. Substantial livestock
losses. Damages estimated at $4 million.

3/5/1997 Clay, Kittson, Marshall, Norman, West | Blizzard conditions, but no deaths associated with

Polk, Wilkin the storm.

1/22/1997 | Western MN A series of blizzards from mid-November through
the end of January resulted in a Presidential
Disaster Declaration (DR-1158-MN). Numerous
roads, schools, and businesses were closed
throughout the extended storm period. A number
of deaths occurred in conjunction with these
storms, including two resulting from persons
leaving their car to walk in blizzard conditions.

Mar-96 West Central and Southwest MN Blizzard conditions from mid-day on the 24th into
the morning of the 25th. Regional school closings
were prompted by this storm.

Dec-95 Western and Southern MN The intensity of this storm prompted statewide
closings of schools and many businesses on the
Tth.

Dec-91 Southwestern MN Several schools, businesses, and roads closed;
power outages.

Oct-91 Statewide “Halloween Monster Storm”. 28.4” snow at Twin
Cities; 36.9” in Duluth.

Mar-89 Central and Southern MN 1 death. 600 traffic accidents in the Twin Cities
metro area.

Jan-89 Northwestern MN 26” of snow at Fargo-Moorhead area; 50 mph
winds at Red River Valley.

Nov-88 Southwestern MN Blizzard stranded or forced thousands of travelers
to seek shelter in local SW MN communities.

Mar-85 Statewide 1 death in Renville County; 1 death in Douglas
County.

Jan-85 Western and Southern MN 1 death.

Feb-84 Southwestern MN 16 deaths. 1” to 2” snow; 80 mph wind.

Nov-83 Southern and Eastern MN 8 deaths. Up to 18” of snow; high winds.
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Apr-83 Southeastern MN 177 of snow.

Feb-83 Statewide 12” of snow.

Dec-82 Southern and East Central MN 1 death in Lakeville (Dakota County).

Nov-82 Southwestern and Central MN 1 death in Willmar (Kandiyohi County).

Jan-82 Anoka County 1 death.

Jan-82 Hubbard County 1 death.

Mar-79 Southern MN 3 deaths.

Mar-75 St. Louis County 12" of snow; 100 mph wind; 20" waves at Duluth.

Jan-75 Statewide “Storm of the Century”. 14 deaths. 1-2' of snow;
winds up to 80 mph.

Jan-72 Southwestern MN 47-10" of snow; winds up to 72 mph at
Worthington.

Dec-68 Statewide 6 blizzards during 12/68 - 1/69 resulted in serious
negative impacts on wildlife due to deep snow.

Jan-67 Statewide 7 deaths.

Mar-66 Northern MN 4-day storm. 23” of snow in Aitkin, 37” in Int'l
Falls.

Mar-41 Statewide 32 deaths. High winds up to 75 mph in Duluth.

Nov-40 Statewide “Armistice Day Blizzard”. 49 deaths.

Ice and Ice Storms

The following ice and sleet storms are recorded for the period January 1993 through
February 2010, as provided in the table below.

TABLE 17 NOTABLE ICE AND SLEET STORMS IN MINNESOTA

DATE

LOCATION

REMARKS

1/22/2010

Aitkin

Crow Wing, Cass, Southern

A complex storm brought a variety of heavy
winter precipitation to northeast Minnesota.
The storm began as rain and freezing rain,
gradually changed over to snow on the evening
of the 23rd, and then waffled back between
rain, freezing rain, and snow the following day.
The wintry mix changed back over to all snow
that evening, and it continued to snow all night
until finally ending during the day of the 25th.
The Brainerd Lakes region received a quarter
to as much as three quarters of an inch of icing,
though no major problems other than icy roads

occurred. Snow amounts ranged from 7 to 12

135




MINNESOTA ALL-HAZARD MITIGATION PLAN

Section Four: Risk Assessment —ldentify and Profile Hazards

TABLE 17 NOTABLE ICE AND SLEET STORMS IN MINNESOTA

DATE

LOCATION

REMARKS

inches, generally east of a line from
International Falls to Duluth to eastern Pine
County. The Gunflint Trail and areas just
inland from Duluth received as much as 19
inches of snow. Near the Lake Superior
shoreline, the precipitation mainly fell as rain.

3/23/2009

Lake, Cook

Warm air surged north ahead of a strong low
pressure system, while cold air over Lake
Superior was pushed onshore by strong easterly
winds. Heavy rain froze on contact and created
severe icing conditions along the north shore of
Lake Superior from Two Harbors to Grand
Marais. lce accumulated as far west as the
Duluth area. The worst of the storm hit Lake
and far southeast Cook counties, including the
towns of Finland, Silver Bay, lIsabella and
Lutsen. Ice accumulated to an inch or more in
these areas on the 23rd. Tens of thousands of
trees were downed by the ice. In some forested
areas just inland from Lake Superior, 75
percent or more of the trees were damaged.
Lingering temperatures at or below freezing
sustained the ice for several days afterward.
The Red Cross set up shelters, as many people
were without power for several days, and some
for up to a week. The ice storm was so
damaging that FEMA declared Lake County a
federal disaster area, making it eligible for
federal aid.

2/8-9/2009

Clay, Kittson, Norman, West
Marshall, West Polk, East
Marshall, East Polk, Hubbard,
Mahnomen, North Beltrami,
North Clearwater, Pennington,
Red Lake, Roseau, South
Beltrami, South Clearwater,
West Becker

A Colorado Low tracked from northeast
Colorado on the morning of the 9th into west
central Minnesota on the morning of the 10th.
This system pushed unseasonably warm and
moist air into the northern plains, with surface
dew point temperatures on the 9th rising into
the 30s. As rain fell on the colder ground,
surfaces quickly became ice covered. Roughly
0.10 to 0.40 inches of ice was reported, making
the morning commute on the 9th extremely
treacherous. Hundreds of vehicle accidents
were reported from the slick roads. Hospitals
also reported many bumps and bruises from
people slipping and falling. Many schools were
closed on Monday (9th), and then began late on
Tuesday. Most areas did not receive their
regular mail delivery on Monday.

12/30/2006

Big Stone, Traverse

None Reported.

11/28/2006

Koochiching, Beltrami, Lake

A quarter inch of ice was reported in Big Falls
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Of The Woods, Marshall,
Roseau

and Little Fork. Many vehicle accidents were
reported in these areas.

11/27/2005

Big Stone, Traverse

Widespread  freezing  rain  with  ice
accumulations between 1 and 2 inches. The
high winds and heavy ice accumulations caused
widespread power outages for some locations
for over 10 days. Shelters were set up for those
who did not have generator power or another
place to go. This was one of the worst ice
storms in history.

01/01/2005

Dodge, Fillmore, Houston,
Mower, Olmsted, Wabasha,
Winona

Freezing rain spread across southeast
Minnesota with widespread ice accumulations
of 1/4 to 1/2 inch. Numerous accidents were
reported by law enforcement officials, but there
were no serious injuries

12/30/2004

St. Louis, Koochiching, Aitkin,
Cass, Cook, Lake, Itasca, St.
Louis, Carlton, Clay, Otter Tail,
Grant, Wadena, Wilkin

Freezing rain caused ice up to one-half inch
thick to accumulate on roads, sidewalks, trees
and power lines. There were many reports of
tree damage and sporadic power outages.

11/22/2003

Olmsted, Wabasha

Freezing rain affected much of southeast
Minnesota, with ice accumulations up to 1/2
inch thick. Law enforcement officials reported
numerous automobile accidents due to icy
roads, while there were a few power outages.

11/03/2003

Cottonwood, Jackson, Lincoln,
Lyon, Murray, Nobles,
Pipestone, Rock

Snowfall of 2 to 4 inches was accompanied by
freezing rain and freezing drizzle. Travel was
greatly affected by slippery roads, with
numerous accidents being reported.

04/16/2003

Aitkin, Cass, Crow Wing, Pine,
St. Louis / Carlton

A mixture of sleet and freezing rain fell,
causing an icy glaze up to 1/2” to accumulate
on roads, trees, and power lines. In addition to
the precipitation, the head of the lakes area had
very strong winds sustained at 35 to 50 mph.
The Aerial Lift Bridge in Duluth reported gusts
up to 66 mph. The peak wind at the Duluth
Airport was 56 mph. The strong winds closed
the port entry of Duluth as the strong east
winds packed ice into the ship canal. Numerous
trees and power lines were blown down.

12/17/2002

Aitkin, Cass, Cook, Lake, Crow
Wing, Itasca, Koochiching, St.
Louis, Carlton

Freezing rain, at times mixed with sleet and
snow, began late at night and continued
through most of the day. One-quarter to one-
half inch of ice collected on roads and
sidewalks

4/22/2001

Southern Lake, Southern St.

An intense low pressure system moved
northeast through the western Great Lakes area
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Louis / Carlton producing heavy precipitation. Because of the
cold temperatures, much of the precipitation
fell as freezing rain on the higher elevations
away from Lake Superior. Almost an inch of
ice coated trees, power lines, and roadways.
Tree damage was widespread, downed power
lines caused power outages that lasted as long
as three days and affected approximately
22,000 homes and businesses. Countless homes
and vehicles sustained damage from trees and
branches that collapsed under the weight of the
ice.
2/24/2001 Dodge, Fillmore, Houston, | Southeast Minnesota was affected by another in
Mower, Olmsted, Wabasha, | a series of ice storms, which coated much of
Winona the area with 1/4 inch of ice. Law enforcement
officials reported icy roads contributing to
several accidents, none of which were serious.
01/29/2001 Dodge, Fillmore, Houston, | Freezing rain produced ice accumulations of
Mower, Olmsted, Wabasha, | 1/4 to 1/2 inch, prompting schools and several
Winona Crow Wing, Northern | businesses to close.
Aitkin, Pine, Southern Aitkin,
Southern Cass, Southern Lake,
Southern St. Louis / Carlton
04/16/2000 Southwest Minnesota Ice Storm - Freezing rain caused significant ice
accumulation on trees, power lines, and other
exposed surfaces.
03/08/2000 Northwest and West Central | Ice Storm - A thin band of freezing

Minnesota

precipitation fell.

04/03-4/1999

Northwest Minnesota

Ice Storm — Significant accumulations of ice
brought down power lines and trees, causing
hundreds of people to live without power for
several days.

04/03-4/1999

Northeast Minnesota

Ice Storm - Ice accumulations up to % of an
inch, with a mixture of sleet, snow, and slush
on the ground, made travel very hazardous. The
weight of ice accumulations brought down
trees and power lines and caused extensive
damage to an 800-foot television tower.

04/01-2/1999

Northeast Minnesota

Ice Storm - Ice accumulations of ¥ to % inch
occurred, which caused slippery roads and
airport runways as well as widespread electrical
outages.

02/01/1999

Northeast Minnesota

Ice Storm - Freezing rain and freezing drizzle
coated the area with as much as % inch of ice.

01/04-5/1998

South Central and Southeast

Ice Storm - Freezing rain produced ice
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Minnesota accumulations ranging from ¥ to % of an inch.
Numerous car accidents were reported, one of
which resulted in a fatality.
01/04/1998 Southeast Minnesota Ice Storm — Widespread ice accumulations of

Y to % of an inch caused several accidents.
One injury was reported.

04/04-6/1997

Northwest Minnesota

Ice Storm — % to one inch of ice built up on
exposed surfaces. Hundreds of power poles/
lines snapped, which cut power. Estimated
damages were $18 million.

03/13/1997 Southwest Minnesota Ice Storm - Freezing rain caused ice
accumulations, which disrupted travel and
caused numerous accidents.

01/30/1997 Northwest Minnesota Ice Storm — % inch of freezing rain fell.

01/03-4/1997

Southwest Minnesota

Ice Storm - Freezing rain caused ice
accumulation on trees, power lines, and roads.

01/01-2/1997

Northeast Minnesota

Ice Storm - Freezing rain left up to a ¥-inch of
ice on area roads. Part of State Highway 61 was
closed for several hours.

11/14-18/1996

Southwest Minnesota

Ice Storm - An ice storm with freezing rain
caused widespread damage to power lines,
poles, and trees. Thousands lost power. Many
small farm structures were damaged. A 600-
foot radio tower was toppled. Estimated
property damages were $13 million.

11/14-15/1996

Southern Minnesota

Ice Storm - Y-inch thick ice was common over
the area.

02/22-23/1996

Northwest Minnesota

Ice Storm - Freezing rain forced law
enforcement officials to advise no travel.

01/17-18/1996

Southwest Minnesota

Ice Storm - Freezing rain caused severe icing,
which resulted in damage to power lines.
Damage from a building fire near Mountain
Lake was aggravated by the inability of
firefighters to respond quickly due to the icy
roads. Estimated damages were $350,000.

01/17-18/1996

East Central and Southern
Minnesota

Ice Storm - An extended period of rain and
freezing rain resulted in significant icing
conditions. Up to one-foot thick ice formed on
roads. There were significant tree damage and
power  outages. More than 180,000
Minneapolis/St. Paul metro residents and the
entire town of Lafayette were without power.

01/17-18/1996

Southwest Minnesota

Ice Storm - Freezing rain caused severe icing,
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which resulted in damage to power lines.
Damage from a building fire near Mountain
Lake was aggravated by the inability of
firefighters to respond quickly due to the icy
roads. Estimated damages were $350,000.

01/10/1996 Western Minnesota Ice Storm -Widespread freezing rain created a
thin layer of ice.
12/13/1995 Southern Minnesota Glaze - Between ¥ and % inch of glaze
occurred forcing some school closures.
04/11-12/1995 West Central and Southwest | Heavy Snow and Ice — A combination of heavy
Minnesota snow and ice resulted in treacherous weather

conditions.  Widespread power  outages
prompted the Governor to declare a state of
emergency.

04/10-11/1995 Southwest Minnesota Freezing Rain - Freezing rain and freezing
drizzle fell over a three-day period. Thousands
of people were without power, some for two
days or more. Estimated damages were

$200,000.
11/27-28/1994 Southwest, Central, Northeast, | Heavy Snow and Ice - The snow closed the
and Southeast Minnesota. Minneapolis-St. Paul International Airport. The

storm contributed to at least three fatalities. A
buildup of ice and snow, combined with strong
winds, resulted in numerous downed power

lines.
04/28-29/1994 Entire State Heavy Snow and Ice - Heavy, wet snow, sleet,
and freezing rain occurred.
03/23-24/1994 Northern and Central | Heavy Snow And Ice - A late March
Minnesota snowstorm deposited a band of heavy snow, up

to 10 inches, as well as a mixture of freezing
rain, sleet, and snow, causing extremely
slippery road conditions.

11/12-13/1993 All but Southeast Minnesota Ice Storm and Snow - A wintry mixture of
precipitation in the form of freezing rain, sleet,
and snow with significant accumulation of ice.
Five inches of snow fell on top of the ice
making travel hazardous.

01/20/1993 Northern Minnesota Ice Storm - Freezing rain developed with at
least half of an inch of ice coating area roads.

Probability of Occurrence

As shown in the section above, Minnesota experiences a variety of severe winter weather
events annually. Although it is impossible to predict probabilities for this type of event
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over short periods of time, it is anticipated that the long term trend will remain relatively
stable, meaning that the State can probably expect one ice and ice/snow storms every
year on average and one major blizzard per year.

Sources of Information
2010 Snowfall Events http://www.crh.noaa.gov/mpx/?n=2010snowfall

Federal Emergency Management Agency. 1997. Multi-Hazard Identification and Risk
Assessment — A Cornerstone of the National Mitigation Strategy.
www.fema.gov/fhm/dl_mhira.shtm

National Oceanographic & Atmospheric Administration - NCDC. Storm Events.
www4.ncdc.noaa.gov/cgi-win/wwcgi.dl?wwevent~storms

Minnesota Climatology Working Group -
climate.umn.edu/snow fence/Components/SFF/MeanSF/aveannual1971-2000.htm#

climate.umn.edu/doc/historical/winter storms.htm

National Weather Service www.nws.noaa.gov/om/windchill/index.shtml
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Landslide

Landslides are the downward and outward movement of slopes. The term refers to
various kinds of events, including mudflows, mudslides, debris flows, rock falls,
rockslides, debris avalanches, debris slides, and earth flows. Landslides may include any
combination of natural rock, soil, or artificial fill, and are classified by the type of
movement and the type of material. The types of movement are slides, flows, lateral
spreads, and falls and topples (FEMA, 1997).

Below is a brief discussion of the various types of landslide movements. A combination
of two or more landslide movements is referred to as a complex movement.

e Slides are downward displacements along one or more failure surfaces of soil or rock.
The material may be a single intact mass or a number of pieces. The sliding may be
rotational (turning about a point) or translational (movement roughly parallel to the
failure surface).

e Flows are a form of rapid mass movement by loose soils, rocks, and organic matter,
together with air and water that form slurry flowing rapidly downhill. Flows are
distinguished from slides by high water content and velocities that resemble those of
viscous liquids.

e Lateral spreads are large movements of rock, fine-grained soils (i.e., quick clays), or
granular soils, distributed laterally. Liquefaction may occur in loose, granular soils,
and can occur spontaneously due to changes in pore-water pressure or due to
earthquake vibrations.

e Falls and topples are masses of rocks or material that detach from a steep slope or
cliff that free-fall, roll, or bounce. Movements typically are rapid to extremely rapid.
Earthquakes commonly trigger rock falls.

Almost any steep or rugged terrain is susceptible to landslides under the right conditions.
The most hazardous areas are steep slopes on ridges, hill, and mountains; incised stream
channels; and slopes excavated for buildings and roads. Slide potentials are enhanced
where slopes are destabilized by construction or river erosion. Road cuts and other altered
or excavated areas are particularly susceptible to landslides and debris flows. Rainfall and
seismic shaking by earthquakes or blasting can trigger landslides.

Debris flows (also referred to as mudslides) generally occur during intense rainfall on
water saturated soil. They usually start on steep hillsides as soil slumps or slides that
liquefy and accelerate to speeds as great as 35 miles per hour. Multiple debris flows may
merge, gain volume, and travel long distances from their source, making areas down
slope particularly hazardous. Surface runoff channels along roadways and below culverts
are common sites of debris flows and other landslides (USGS, 2000).

Landslides often occur together with other major natural disasters, such as the following,
thereby exacerbating relief and reconstruction efforts:

e Floods and landslides are closely related and both involve precipitation, runoff,
and ground saturation that may be the result of severe thunderstorms or tropical
storms.
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e Earthquakes may cause landslides ranging from rock falls and topples, to massive
slides and flows.

e Landslides into a reservoir may indirectly compromise dam safety or a landslide
may even affect the dam itself.

e Wildfires may remove vegetation from hill