FLOODING

AND CLIMATE CHANGE IN TRIBAL
HAZARD MITIGATION PLANS
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Floods typically fall into three major categories”.

Floods Riverine flooding
typically fall

into three Coastal flooding

major

categories: Shallow flooding

Alluvial fan flooding is another type of flooding
found primarily in the mountainous western
states.?

f

Flash floods are responsible for the greatest number

of flood-related fatalities. Sudden heavy or intense
rainfall can cause floods to occur in minutes to hours

Rainfall can build up over hours, days, or weeks.
Runoff from rainfall may create substantial flooding

Flooding can result from a river, or any water
source, overflowing its banks, snowmelt, heavy
rain, and breaches of levees and dams.

Urban River Flash Coastal Inkand
flooding | flooding | flooding . flooding  floeding.

Areas damaged by wildfires are at risk for flash
flood and debris flow during rainstorms?®.

! https://www.fema.gov/alossarv/flood

Alluvial Fan Flooding
Post-Fire Flooding and Debris Flow
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CLIMATE CHANGE AND FLOODING
Anthropogenic, or human-caused climate
change threatens to impact the frequency,
duration, and intensity of weather events, which
may contribute to increased flood risk.* As a
warming atmosphere can hold more water
vapor, we can expect more moisture availability.
° The water holding capacity of the air increases
by about 7% per 1 degree Celsius warming.® This
increased moisture availability can lead to
changes in storm characteristics, and direct
changes to precipitation events which increase
the risk of flooding.” As the climate warmes,
these changes can create widespread, costly,
and increasingly dangerous flood events.
Climate change may impact large scale climate
processes such as El Niflo and La Nina events,
atmospheric circulations like the Jet Stream,
and atmospheric rivers, creating favorable
flooding conditions in some regions®

Floods can be impacted by both weather and
human related factors.? Some weather factors
include heavy precipitation, rapid snowmelt,
storms, storm surges, and ice or debris jams.
Human factors include anthropogenic climate
change, infrastructure failure, and changes in
land use.* Humans contribute to changes in
weather related factors, due to human created
warming increasing heavy rainfall events,

4 POURING IT ON: How Climate Change
Intensifies Heavy Rain Events
*Five things to know about flooding and climate
change
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Eive things to know about flooding and
climate change
° Eloods
' Floods

widespread storm surges as a result of sea level
rise, and more rapid snowmelt." Some types of
flooding, such as coastal flooding, are more
impacted by changes in climate than other
types. Flash floods and urban flooding are
linked to heavy precipitation and are expected
to increase with climate change.”? The risk from
future flooding is significant, considering
urbanization, land use changes, climate
change, and development in coastal areas as
well as floodplains.” Scientists predict that
heavy rainfall events will increase in the future.*

Impacts of climate change on flooding can be
demonstrated by stronger storms, increase in
intensity of hurricanes, and heavy precipitation
events. These factors lead to a risk of flooding
and storm surge, which can be amplified by sea
level rise.®
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https://www.usgs.gov/centers/ca-water/science/post-fire-flooding-and-debris-flow
https://www.fema.gov/media-library-data/20130726-1506-20490-8114/fema259_app_d.pdf
https://www.fema.gov/glossary/flood
https://nca2014.globalchange.gov/highlights/report-findings/extreme-weather/content/floods
https://nca2014.globalchange.gov/highlights/report-findings/extreme-weather/content/floods
https://www.carbonbrief.org/five-things-to-know-about-flooding-and-climate-change
https://www.carbonbrief.org/five-things-to-know-about-flooding-and-climate-change
https://www.climatecentral.org/news/report-pouring-it-on-climate-change-intensifies-heavy-rain-events
https://www.climatecentral.org/news/report-pouring-it-on-climate-change-intensifies-heavy-rain-events
http://www.int-res.com/articles/cr_oa/c047p123.pdf
https://www.carbonbrief.org/five-things-to-know-about-flooding-and-climate-change
https://www.carbonbrief.org/five-things-to-know-about-flooding-and-climate-change
https://www.climatecentral.org/news/report-pouring-it-on-climate-change-intensifies-heavy-rain-events
https://www.climatecentral.org/news/report-pouring-it-on-climate-change-intensifies-heavy-rain-events
https://eri.iu.edu/erit/implications/storms-flooding.html
https://eri.iu.edu/erit/implications/storms-flooding.html
https://www.carbonbrief.org/five-things-to-know-about-flooding-and-climate-change
https://www.carbonbrief.org/five-things-to-know-about-flooding-and-climate-change
http://currents.plos.org/disasters/index.html%3Fp=6695.html
http://currents.plos.org/disasters/index.html%3Fp=6695.html
http://currents.plos.org/disasters/index.html%3Fp=6695.html
https://nca2014.globalchange.gov/highlights/report-findings/extreme-weather/content/floods
https://nca2014.globalchange.gov/highlights/report-findings/extreme-weather/content/floods

Rare events occurring
at higher frequency
Climate change
increases number and
intensity of
precipitation events
because a warmer
atmosphere can hold
more water

Climate change alters
weather patterns and
precipitation
characteristic

Can degrade water
quality, overwhelm
capacity

Scientists predict
increases in extreme
precipitation to
continue across much
of the United States

e Averaged globally, sea
level is expected to rise
by 2-7 feet over the
course of the 21st
century

e Changesin sea level
will impact regions
differently based on

e their geography and
elevation

e  Amplifies near term
vulnerability to storm
surge

HURRICANES

Hurricanes are one of
the biggest
contributors to
flooding. Climate
change can increase
the strength and
danger of hurricanes
Category 4 and 5
storms are increasing,
along with hurricane
wind speeds
expected to bring
more rainfall, produce
greater storm surge,
have higher wind
speed, and move
slower

Rapid intensification of
storms

SEA LEVEL RISE

Loss of ice increases
the volume of the
world's oceans,
causing sea levels to
rise globally

Cascading, Secondary Hazards
Flood risk can be increased when it is included

in @ compound event. A compound event can
be described as two or more extreme events
occurring successively or at the same time, or
combinations of events that are not extreme
events yet lead to an extreme event or impact
when compounded.”® For example, a high sea
level at the same time as hurricane landfall.
Increased flood events coupled with improper
infrastructure can increase the hazard of
events. The severity of these compound events
have increased in many coastal cities. Many
places will face these compounded impacts,
resulting in increased risks to people and
infrastructures.”

These can be described as Secondary Hazards.
Common secondary hazards caused by
flooding are landslides and erosion. Flooding
may cause power outages or block critical
evacuation routes. Finally, a cascading impact

events
7 Overview - Fourth National Climate

Assessment

can be economic loss as a result of flooding.
Damage from flooding can be put into three
categories'®:

Orther Long Term
Frimary | | Secondary | hnpacts
= Fhysical damage = Water supplies * Decline in
*Casualties * Transpartation taurismm
roubes, power, * ECOnormsic
Eas hardship
* Diseases *Rebullding costs
* Craps, *Faod shortages
commercial and * Erosion
food supplies
* Traes downage
= Landslides and
mmudslides can
accur

CHANGES TO LAND USE

Land use practices can exacerbate impacts of rainfall and
contribute to flood risk.

ble Degradation of
natural areas

evelopment in Use of im
floodplains st

8 Secondary stressors and extreme events and
disasters: a systematic review of primary

research from 2010-2011



https://nca2018.globalchange.gov/chapter/1/
https://nca2018.globalchange.gov/chapter/1/
https://www.nature.com/articles/s43017-020-0060-z?proof=trueMay
https://www.nature.com/articles/s43017-020-0060-z?proof=trueMay
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3492002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3492002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3492002/

TOOLS AND
APPROACHES TRIBES
HAVE USED TO
CONSIDER CLIMATE
CHANGE AND FLOODING

CLIMATE CHANGE PLANNING
APPROACHES: FLOODING

Many Tribes are taking steps to adapt to climate
change impacts. The text below summarizes
best practices to integrate flooding and climate
change concerns.

To properly integrate climate change and
flooding into planning, there are a diversity of
approaches':

Goals:

1. Keeping future development out of
hazard areas

2. Keeping floods from impacting
existing developed areas

3. Strengthening existing development
to resist hazards

® Integrating the Local Natural Hazard
Mitigation Plan into a Community's

Comprehensive Plan

Methods®:

1. Plan for Climate Change

2. Modify Land Use

3. Model Climate Risk

4. Repair and Retrofit Facilities

5. Construct new infrastructure

6. Monitoring events

7. Community driven initiatives and
improved public engagement

Examples:

e The Quinault Indian Nation partnered
with university scientists at the
University of Washington to help in
planning for climate change. Their
Tribal Hazard Mitigation Plan includes
flooding and climate mitigation
strategies such as:

o  Shoreline management

o  Stream crossing update plan

o A relocation plan to move
critical infrastructure and
residential houses that face
recurrent flooding and
tsunami inundation risk

o Improving floodwalls
Installing floodgates

o  Participating in community
assistance programs

2EPA Climate Change Adaptation Resource
Center (ARC-X)
h JIWWW. v/arc-x/climate-im -W.

o  Becoming part of the
StormReady program

A copy of the plan can be found: PUBLIC
REVIEW DRAFT

e The Snoqualmie Tribe Hazard
Mitigation Strategy can be found
includes:

o  Locating future development
outside of hazard prone areas

o  Developing Building Codes
and Development/Master
Plan that focuses new
development and
construction on hazard free
areas, and Green Building
Codes

o ldentify elders and other
vulnerable populations to
prioritize for assistance

o  Build protective flood
infrastructure for
historical/cultural sites and
buildings

o Implement vegetation
management practices that
utilize native plants and
removal of invasive species to
reduce flooding

o Moving all tribal facilities out
of the 100 yr floodplain

o  Utilize tribal casino revenue
to move all tribal members
into new houses that are
outside of the 100 yr
floodplain


http://www.starr-team.com/starr/RegionalWorkspaces/RegionX/mitigationplanning/Shared%20Documents/11_Integrating_NHMP_into_Local_Plans/FEMA_Region10-Integrating_Hazard_Mitigation_into_Local_Planning.pdf
http://www.starr-team.com/starr/RegionalWorkspaces/RegionX/mitigationplanning/Shared%20Documents/11_Integrating_NHMP_into_Local_Plans/FEMA_Region10-Integrating_Hazard_Mitigation_into_Local_Planning.pdf
http://www.starr-team.com/starr/RegionalWorkspaces/RegionX/mitigationplanning/Shared%20Documents/11_Integrating_NHMP_into_Local_Plans/FEMA_Region10-Integrating_Hazard_Mitigation_into_Local_Planning.pdf
https://www.epa.gov/arc-x/climate-impacts-water-utilities#tab-2
https://www.epa.gov/arc-x/climate-impacts-water-utilities#tab-2
http://quinaultindiannation.com/documents/Hazard%20mitigation%20draft.pdf
http://quinaultindiannation.com/documents/Hazard%20mitigation%20draft.pdf

A copy of the plan can be found: Snogualmie

CLIMATE CHANGE PLANNING
TOOLS: FLOODING?22

The resources listed below are examples of
available resources that Tribes can use when
planning. They are separated into three
categories related to climate change, flooding,
and general tribal tools and resources.

cli ! ifi s:

e Scenarios Network for Alaska +
Arctic Pl ing (SNAP) Tool
e Climate-Smart Conservation: Putting
Adaptation Principles into Practice
e Climate Change Planning Tools for
N . Suidebooks, 2006
e Stormwater Calculator with Climate
Assessment Tool
° rm Surge Inundation an
Hurri Strike F M
e Scenario-Based Projected Changes
Map
e RAINE, Resilience and Adaptation In

New England
e ICLUS - Integrated Climate and Land
Use Scenarios

e Environmental Justice Screening

e CREAT, - Climate Resilience Evaluation
and Awareness Tool

ITribal Nations Tools - Assessment & Planning
22Tribal Profiles, Fact Sheets and Climate

Planning Tools | Tribal Climate Change

Climate Ready Estuaries (CRE)
US Climate Resilience Toolkit | US
Ii ili ki

o Case Studies
USGS Coastal Change Hazards Portal

by Climate Central

NOAA Sea Level Rise Viewer

Adapting Stormwater Management
for Coastal Floods

Managed Retreat Toolkit »
Introduction

Climate Change Adaptation
Certification Tool: IDENTIFY
EVALUATE DETERMINE - EcoAdapt,
Foresight Partners Consulting
Climate Action Resource Center
NCAI Climate Action Resource Center
(CARC - National Congress of
American Indians)

Climate Prediction Center - National
Weather Service Global Monsoons:
North 2 . Precipitati

Digital Coast - NOAA Digital Coast
Home

Strategies for Climate Change
Adaptation -EPA Strategies for
Climate Change Adaptation | Climate
Change Adaptation Resource Center
(ARC-X)

: li _ Tools for M .
Climate Risk in Agriculture

Floodi ifi Is:

Federal Emergency Management
Agency (FEMA) Floodplain
Management Requirements -
www.fema.gov/floodplain-manageme
nt-reguirements
FEMA Floodplain Management Tools
- www.femagov/floodplain-managers
No Adverse Impact Floodplain
Management No Adverse Impact
Floodplain Management Tool,
Association of State Floodplain
Managers Toolkit: NAI Toolkit8
River Forecasts - National Weather
Service NOAA
Extreme Water Levels - NOAA Tides
& Currents
United States Interagency Elevation
Inventory

lood ili “heckli
NOAA Coastal Flood Exposure
Mapper

rm Water Man ment M |

(SWMM) | US EPA



http://www.snoqualmietribe.us/sites/default/files/linkedfiles/snoqualmie_tribe_hmp_final_11.1.11.pdf
http://www.snoqualmietribe.us/sites/default/files/linkedfiles/snoqualmie_tribe_hmp_final_11.1.11.pdf
http://toolkit.climate.gov/tool/scenarios-network-alaska-arctic-planning-snap-tools
http://toolkit.climate.gov/tool/scenarios-network-alaska-arctic-planning-snap-tools
http://toolkit.climate.gov/tool/climate-smart-conservation-putting-adaptation-principles-practice
http://toolkit.climate.gov/tool/climate-smart-conservation-putting-adaptation-principles-practice
http://www.yourcier.org/climate-change-planning-tools-for-first-nations-guidebooks-2006.html
http://www.yourcier.org/climate-change-planning-tools-for-first-nations-guidebooks-2006.html
https://www.epa.gov/water-research/national-stormwater-calculator
https://www.epa.gov/water-research/national-stormwater-calculator
https://epa.maps.arcgis.com/apps/MapSeries/index.html?appid=852ca645500d419e8c6761b923380663
https://epa.maps.arcgis.com/apps/MapSeries/index.html?appid=852ca645500d419e8c6761b923380663
https://epa.maps.arcgis.com/apps/MapSeries/index.html?appid=3805293158d54846a29f750d63c6890e
https://epa.maps.arcgis.com/apps/MapSeries/index.html?appid=3805293158d54846a29f750d63c6890e
https://www.epa.gov/raine
https://www.epa.gov/raine
https://www.epa.gov/gcx
https://www.epa.gov/ejscreen
https://www.epa.gov/ejscreen
https://www.epa.gov/crwu/creat-risk-assessment-application-water-utilities
https://tribalclimateguide.uoregon.edu/tribal-profiles?page=1
https://tribalclimateguide.uoregon.edu/tribal-profiles?page=1
https://wp-bsp.data.gov/climate/tribal-nations/tools-assessment-planning
https://www.epa.gov/cre
https://toolkit.climate.gov/
https://toolkit.climate.gov/
https://toolkit.climate.gov/case-studies?f[0]=field_parent_topic%3A889
http://marine.usgs.gov/coastalchangehazardsportal/
http://sealevel.climatecentral.org/
http://sealevel.climatecentral.org/
https://www.coast.noaa.gov/digitalcoast/tools/slr.html
https://coast.noaa.gov/stormwater-floods/
https://coast.noaa.gov/stormwater-floods/
https://www.georgetownclimate.org/adaptation/toolkits/managed-retreat-toolkit/introduction.html
https://www.georgetownclimate.org/adaptation/toolkits/managed-retreat-toolkit/introduction.html
https://www.cakex.org/sites/default/files/2018EcoAdapt%20CCAC%20Tool%20FINAL_SPREADS.pdf
https://www.cakex.org/sites/default/files/2018EcoAdapt%20CCAC%20Tool%20FINAL_SPREADS.pdf
https://www.cakex.org/sites/default/files/2018EcoAdapt%20CCAC%20Tool%20FINAL_SPREADS.pdf
http://www.ncai.org/ptg/climate
https://www.cpc.ncep.noaa.gov/products/Global_Monsoons/American_Monsoons/NAMS_precip_monitoring.shtml
https://www.cpc.ncep.noaa.gov/products/Global_Monsoons/American_Monsoons/NAMS_precip_monitoring.shtml
https://www.coast.noaa.gov/digitalcoast/
https://www.coast.noaa.gov/digitalcoast/
https://www.epa.gov/arc-x/strategies-climate-change-adaptation
https://www.epa.gov/arc-x/strategies-climate-change-adaptation
https://www.epa.gov/arc-x/strategies-climate-change-adaptation
https://www.epa.gov/arc-x/strategies-climate-change-adaptation
http://agroclimate.org
http://agroclimate.org
http://www.fema.gov/floodplain-management-requirements
http://www.fema.gov/floodplain-management-requirements
http://www.fema.gov/floodplain-managers
https://www.floods.org/resource-center/association-of-state-floodplain-managers-nai-no-adverse-impact-floodplain-management/
https://www.floods.org/resource-center/association-of-state-floodplain-managers-nai-no-adverse-impact-floodplain-management/
https://s3-us-west-2.amazonaws.com/asfpm-library/FSC/NAI/ASFPM_No_Adverse_Impact_a_toolkit_for_common_sense_floodplain_management_2003.pdf
https://water.weather.gov/ahps/forecasts.php
https://tidesandcurrents.noaa.gov/est/
https://tidesandcurrents.noaa.gov/est/
https://coast.noaa.gov/inventory/
https://coast.noaa.gov/inventory/
https://www.epa.gov/smartgrowth/flood-resilience-checklist
https://coast.noaa.gov/digitalcoast/tools/flood-exposure.html
https://coast.noaa.gov/digitalcoast/tools/flood-exposure.html
https://www.epa.gov/water-research/storm-water-management-model-swmm
https://www.epa.gov/water-research/storm-water-management-model-swmm

