
Drought, Melting Ice & Sea 
Level Rise, and Storms & 
Flooding
Tribal Climate and Health Adaptation Webinar #3
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Since Last Webinar
• Groups.io

• Subgroups 

Suggested action steps (complete before next webinar)

• Identify which temperature and wildfire related 
indicators are being tracked for your region (e.g. tribal 
environment or health department, intertribal health 
organization, or other agency) 

• Take a moment to talk to elders and consider how 
wildfire and temperature changes have affected your 
tribe. 

• Activity: Input your location into The Climate Explorer to 
see temperature data and projections for your 
community

Suggested reading (complete before next webinar)

• Pick one chapter (2-8) of Impacts of Climate Change on 
Human Health in the United States 
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Chat Discussion: 
What did you learn from your elders? What health impact chapter did you choose to read about and why? 

https://toolkit.climate.gov/climate-explorer2/
https://health2016.globalchange.gov/
https://health2016.globalchange.gov/executive-summary#figure-171


TCHP Framework

• Today we cover Drought, Storms & Flooding, 
and Melting Ice & Sea Level Rise

• Secondary exposures

• Impacts

• Sample strategies 

• Tribal case studies
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Storms and Flooding
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Storms & Flooding
Key Climate Exposure Facts

• Severe storms include increased extreme 
rainfall/snowfall events, an upward trend tropical 
cyclone activity (including North Atlantic hurricanes, 
and more variable thunderstorm events (including 
wind, hail and tornados)

• These storm events trigger flash floods, prolonged 
flooding along rivers and streams, and coastal 
flooding 

• Exacerbated by sea level rise and earlier snowmelt, 
along with manmade changes to landscape

• Contribute to landslides, mudslides and erosion

• Number of 100-year floods in the contiguous United 
States to rise steadily for the remainder of the 
century
• Approximately twice as many flood events projected under 

RCP8.5 compared to RCP4.5 by the end of the century

Regions Affected 

All – varying degrees and types of storms and flooding
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Group Discussion: 
What health impacts can you anticipate?

https://health2016.globalchange.gov/extreme-events
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Storms & Flooding

Group Discussion and Group Polls: 
What health impacts can you anticipate?



Storms and Flooding
Possible Health Impacts

• Storm and flooding-related 
injury and death
• Floods are one of the deadliest 

weather-related hazards in the 
U.S. – second only to heat 

• In the U.S. inland flooding caused 
over 4,500 deaths between 1959 
and 2005
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People within Flood Hazard Area



Storms and Flooding
Possible Health Impacts

• Mental health impacts including 
post-traumatic stress, 
depression, anxiety and grief
• Flood-related mental health impacts 

are associated with direct and longer-
term losses, social impacts, stress, and 
economic hardship. 
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https://www.apa.org/helpcenter/wildfire


Storms and Flooding
Possible Health Impacts

• Damage to infrastructure limits 
access to health services, can result 
in illness and carbon monoxide 
poisoning
• Power outages & de-energization 

• Road closures

• Damaged health and emergency 
facilities 

• Emergencies can overwhelm health and 
emergency services

• Can also lead to school and business 
closures and economic damagesIM
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https://labblog.uofmhealth.org/industry-dx/ripple-effect-how-hurricanes-and-other-disasters-affect-hospital-care


Related Exposures 

• Triggers the following secondary exposures: 
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• Indoor Mold
• Mosquitos
• Water contamination and supply 

disruption
• Food contamination and supply 

disruption

Chat Discussion: 
What health impacts can you anticipate?

Storms and Flooding

https://health2016.globalchange.gov/water-related-illness


Storms and Flooding
Possible Health Impacts

• Illness associated with mold exposure
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Storms and Flooding
Possible Health Impacts

• Infections and illness from 
contaminated water and marine 
food

• Drinking water and food supply 
interruption

• Lack of nutritional and medicinal 
abundance 
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https://www.nytimes.com/2019/03/24/us/midwest-flooding-pine-ridge.html


Storms and Flooding
Possible Health Impacts

• Vector borne disease (e.g. West-Nile, Zika, Dengue)
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https://health2016.globalchange.gov/vectorborne-diseases
https://oehha.ca.gov/epic/impacts-biological-systems/vector-borne-diseases


Storms and Flooding

Sample of Population Sensitivity and 
Adaptive Capacity Factors

• 100 and 500 year flood area 

• Hydrogeological conditions

• % area covered by impervious surface

• Population or critical structures within 
floodplain

• Hospitals per 100,000

• Economic hardship or social vulnerability 
index

• Community cohesion
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Vulnerable Populations

• Children and elders

• Residents living in older homes

• Neighborhoods lacking green space

• People with physical disabilities

• People without health insurance 

• People susceptible to health impacts from 
poor air quality

• People with mental, behavioral, and 
cognitive disorders

• Electricity-dependent populations

• Outdoor workers 

• Transit-dependent populations

• Households in poverty



Possible Impacts to Social, Economic and 
Cultural Health

• Displacement, destruction of historical or 
cultural sites/assets

• Lost school days and business revenues

• Economic damage (e.g. response and recovery 
costs; fishing losses)
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Chat Discussion: 
How might cultural wellbeing and traditional ways of life be disrupted by storms and flooding?

Storms and Flooding



Storms and Flooding
Natural Environment Impacts

• Storm and flooding related disruptions, 
declines and stresses to habitats, 
waterways, and important or sensitive 
plant and wildlife species (e.g. loss of 
vegetation, erosion, runoff, fish 
mortality)

Built Environment Impacts

• Damage to homes and businesses 

• Disruption to public services and 
infrastructure (e.g. roads, water 
treatment)
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Chat Discussion: 
What adaptation strategies may be able to reduce negative impacts to your community?

https://health2016.globalchange.gov/extreme-events


Storms and Flooding
Sample Strategies to Address Impacts

• Develop policies and plans to preserve wetlands 
and establish vegetated buffers along rivers and 
streams to reduce flooding, runoff and erosion.

• Restrict development in high-risk or post-disaster 
areas to reduce losses.

• Develop preventative initiatives before next 
disaster to build human resilience skills

• Connect community members to financial 
resources for disaster insurance

• Build alternative power supplies e.g. building or 
community-scale microgrids incorporating 
renewables to avoid power outages for critical 
facilities during storms and flood

• Seek assistance, resources, grants and loans from 
federal agencies for disaster planning, emergency 
management, distressed communities
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Storms and Flooding
Tribal Case Study

Flash Floods on The Drought-Impacted 
Hopi Reservation

• Severe drought conditions prior to 2010 
heavy rainfall event and rockslides

• $930,000 in costs to repair roads, 
telephone lines, and water and sewer 
systems

• Gravesites damaged
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Storms and Flooding
Trainee Examples
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Melting Ice & Sea Level 
Rise
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Melting Ice & Sea Level Rise 
Key Climate Exposure Facts

• Rising temperatures are increasing ocean water 
mass (melting ice) and volume (thermal expansion)

• Global mean sea level (GMSL) has risen by about 7–
8 inches (about 16–21 cm) since 1900, with about 3 
of those inches (about 7 cm) occurring since 1993 
(CSSR)

Related Exposures 

• Contributes to storm surges and coastal flooding

• Triggers the following secondary exposures:

Regions Affected 

Alaska, Coastal
Group Discussion: 
What health impacts can you anticipate?
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https://toolkit.climate.gov/image/640
https://nca2018.globalchange.gov/chapter/2/


Melting Ice and Sea-level Rise
Possible Human Health Impacts

• Storm surges increase “Storm and Flooding” 
health impacts. In addition: 

• Melting, thinning and thawing ice-related 
injuries (e.g. hunting and fishing)

• Lack of nutritional abundance due to loss of 
safe hunting, fishing or herding practices

• Mental health impacts including post-
traumatic stress, depression, anxiety and grief

• Prehistoric diseases unearthed

Sample of Population Sensitivity and Adaptive 
Capacity Factors

• Proximity to coast, ice and permafrost
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Possible Impacts to Social, Economic and 
Cultural Health

• Displacement, destruction of historical or 
cultural sites/assets

• Lost school days and business revenues

• Economic damage (e.g. response and recovery 
costs; fishing/hunting losses)
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Chat Discussion: 
How might cultural wellbeing and traditional ways of life be disrupted by melting ice and sea-level rise?

Melting Ice and Sea-level Rise



Melting Ice and Sea-level Rise
Natural Environment Impacts

• Disruptions, declines and stresses to habitats, 
waterways, and important or sensitive plant 
and wildlife species (e.g. habitat 
fragmentation, saltwater intrusion)

Built Environment Impacts

• Damage to homes and businesses

• Disruption to public services and infrastructure 
(e.g. power outages)

• Disruption to agricultural operationsIM
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https://www.epa.gov/climate-indicators/climate-change-indicators-glaciers


Melting Ice and Sea-level Rise
Sample Strategies to Address Impacts

• Update Hazard Mitigation Plan to include melting ice 
and sea level rise projections

• Relocate critical facilities and roads that have 
experienced repeated exposure to melting ice and sea 
level rise

• Develop plans for phased relocation, if necessary, 
including opportunities to retain community and 
cultural cohesion

• Build flood and saltwater intrusion barriers to protect 
assets (e.g. fortify seawalls, diking, aquifer recharge)

• Implement advanced surveillance equipment for 
locational ice changes hazards (for hunters)

• Establish a regional network of environmental 
observers (e.g. LEO Network)
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Melting Ice and Sea-level Rise
Tribal Case Study

Thinning Ice at Shishmaref, Alaska

• Since 2001, an average of 23 feet of shoreline is being lost per year because of storms.

• A few of the village’s 60 or so buildings have already been abandoned given their proximity to the edge 
of the town’s eroding shoreline

• Eighty-six percent of Alaska Native Villages are threatened by thawing permafrost, erosion and flooding. Thirty-one 
villages face imminent threats and at least 12 have decided to relocate or to explore relocation options.

Relocation of Biloxi-Chitimacha-Choctaw tribe (LA)

• Tribe lost 98% of its land on the Isle de Jean Charles since the 1950s

• Hurricanes have destroyed houses and caused families to leave

31

https://nca2018.globalchange.gov/chapter/15/


Melting Ice and Sea-level Rise
Trainee Examples
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Jamie Judkins, Planner

Shoalwater Bay Indian Tribe (Tokeland, WA)

Great, great, great, great granddaughter of Chief George Allen
Charley, Jamie moved to the Reservation in 1995 and has lived
on or near the reservation since then. She grew up in Los
Angeles, CA and Bellingham, WA prior to that and visited the
reservation occasionally. Along with working for the Tribal
Government, she joined the board of Willapa Bay Enterprises
(WBE) in December of 2015. Her skills include accounting,
grant compliance and reporting, policy development, team
building, meeting and event planning. Currently sits as backup
delegate on the Sea Grant Shellfish 2 year Workgroup.

She loves to empower people to do good work. and become
self-reliant.



Drought
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Drought
Key Climate Exposure Facts

• Recent drought or water deficits have 
reached record in intensity in parts of 
the country. 

• Strong evidence that climate change 
increases evapotranspiration and soil 
moisture deficits (CSSR)

• One of the most pervasive climate-
induced weather exposures for tribes 

Regions Affected 

Southwest, Great Plains

Group Discussion: 
What health impacts can you anticipate?
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Dry Days SD County

https://wrcc.dri.edu/Climate/Tracker/CA/index.html


Drought
Possible Health Impacts

• Mental health impacts including 
anxiety, grief, and helplessness (e.g. 
displacement, economic change or 
insecurity, damage of local 
environment)

“Mni Wiconi” – Lakota for “Water is Life”
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SAMHSA: Warning signs for emotional distress 
related to drought may include:

• Feelings of overwhelming anxiety
• Constant worrying
• Trouble sleeping and other depression-like 

symptoms
• Disputes between people over limited water 

supplies
• Health concerns related to dust, low water flow, 

or poor water and air quality
• Financial concerns related to crop failures, low 

supply and demand of agricultural-related 
products, or rising food prices

https://www.samhsa.gov/find-help/disaster-distress-helpline/disaster-types/drought


Drought

Related Exposures 

• Contributes to wildfire and storms and 
flooding 

• Triggers the following secondary exposures: 

Group Discussion: 
What health impacts can you anticipate?
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• Dust, allergens, and ozone
• Water supply disruption
• Lower agricultural yields
• West Nile Virus 
• Hantavirus (rodents)
• Forest infestation and disease

https://nca2018.globalchange.gov/chapter/3/


Drought
Possible Health Impacts

• Respiratory and cardiovascular illness

• Valley Fever
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Drought
Possible Health Impacts

• Vector borne disease 
• E.g. West-Nile, Hantavirus (rodents)
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Drought
Possible Health Impacts

• Drinking water supply interruption 

• Lack of nutritional and medicinal 
abundance 

IM
P

A
C

T
S

39



Drought

Sample of Population Sensitivity and 
Adaptive Capacity Factors

• Population size of vulnerable individuals

• Food environment index

• Proximity to transit

• Size of water system (including storage)
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Vulnerable Populations

• Children and elders

• Communities reliant on groundwater for 
drinking water

• Agricultural workers

• People susceptible to health impacts 
from poor air quality

• People with mental, behavioral, and 
cognitive disorders

• Electricity-dependent populations



Drought
Possible Impacts to Social, Economic and 
Cultural Health

• Displacement

• Disruptions to culturally important activities 
and species (e.g. fishing ) 

• Lost school days and business closures

• Economic damage (e.g. agricultural losses)
• CA Climate Assessment: water shortages could cost 

up to $1B/year
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Chat Discussion: 
How might cultural wellbeing and traditional ways of life be disrupted by drought?

Relocation – Domestic Migration

“In Northwestern California, drought has decimated 
the salmon stock, an important food, economic, and 
ceremonial resource for the Yurok, Hoopa Valley, and 
Karuk tribes on the Klamath and Trinity rivers.”  
- Mapping Resilience Report

https://www.indecon.com/wp-content/uploads/CIRA2.0_TechnicalReportforNCA4.pdf


Drought
Natural Environment Impacts

• Drought related disruptions, declines and stresses 
to habitats, waterways, and important or sensitive 
plant and wildlife species (e.g. tree mortality, pest 
infestation, decline in wetlands, riparian tree 
diebacks, wildlife migration, loss of waterways and 
aquatic species)

Built Environment Impacts

• Disruption to public services and infrastructure 
(e.g. water systems)

• Disruption to agricultural operationsIM
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Chat Discussion: 
What adaptation strategies may be able to reduce negative impacts to your community?

https://science2017.globalchange.gov/chapter/8/


Drought
Sample Strategies to Address Impacts

• Create or update Drought Contingency Plans

• Restrict development in high-risk areas to 
reduce water burden 

• Develop or promote water conservation or 
efficiency program to help households, 
businesses and agricultural operations replace 
irrigation systems and install water recycling 
systems and water conservation measures

• Build infrastructure needed for aquifer storage 
and recovery

• Diversify options for water supply and expand 
current sources

• Increase water storage capacityS
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Group Discussion: 
What partners in your community are already working on drought response?

https://www.fema.gov/media-library-data/1487160966426-3e774ec4315295499f45a25bc8915c90/ASR_Fact_Sheet_Feb2017_COMPLIANT.pdf


Drought
Tribal Case Study

• Navajo drought conditions

44
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Individual Reflection: Please take a few minutes to complete Section 2 of  
“Your Work, Your Community” Form



Wrapping Up
Thank you for being part of our training community!

Suggested reading (complete before next webinar)

• Oregon Climate Change Research Institute: “Tribal Climate Chang Guidebook” Pages 36-38

Next webinar: 

April 21, 2020 (10AM PST / 1 EST)

Vulnerability Assessments Part 1 (Module 3)

Questions? 
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http://www.occri.net/media/1096/tribal-climate-adaptation-guidebook_updatedacknowledgements.pdf


Changing Exposures and Impacts – Key Resources
Guidance

• USGCRP – Impacts of Climate Change on Human Health in 
the United States 

• USGCRP - Fourth National Climate Assessment 
• Climate Science Special Report

• Human Health Chapter
• Tribes And Indigenous Peoples Chapter
• Water Chapter

• USGCRP - Third National Climate Assessment
• Indigenous Peoples, Lands, and Resources

• Human Health

• EPA Climate Change Indicators in the United States

• EPA - Multi-Model Framework for Quantitative Sectoral 
Impacts Analysis: A Technical Report for the Fourth 
National Climate Assessment

• CDC - Assessing Health Vulnerability to Climate Change A 
Guide for Health Departments

• IPCC – Chapter 11: Human Health: Impacts, Adaptation, 
and Co-benefits

• National Wildlife Federation: Facing the Storm: Indian 
Tribes, Climate-Induced Weather Extremes, and the Future 
for Indian County

• APHA How Climate Change Affects Your Health 

• Tribal Public and Environmental Health Think Tank –
Priorities in Tribal Public Health 

• National Indian Health Board – Climate Ready Tribes

• Drought.gov – Current Conditions

• FEMA- Aquifer Storage and Recovery Fact Sheet

Tools and Templates

• TCHP - Exposures, Impacts, Strategies Inventory (EISI) tool 
– Beta Version

• TCHP – Blog: “Data Sources to Assess Tribal Climate and 
Health Data”

• TCHP – Resources Clearinghouse

Examples

• Reuters - Biloxi-Chitimacha-Choctaw 

• UNC - Thinning Ice at Shishmaref, Alaska

• National Wildlife Federation - White Mountain Apache 
Tribe (Arizona) and the Rodeo Chediski Fire

• US Climate Resilience Toolkit – Navajo Nation: Hotter, 
Drier Climate Puts Sand Dunes on the Move

• U.S. Climate Resilience Toolkit - Mescalero Apache Tribe 
Adapts to Warmer and Drier Climate

• National Wildlife Federation – Flash Flood on The Drought-

Impacted Hopi Reservation; Thinning Ice Threatens Alaska 
Native Village of Shishmaref, Alaska

• Climate Adaptation Knowledge Exchange – The Igliniit
Inujit Sea Ice Use and Occpuany Project

• U.S. Climate Resilience Toolkit - Inupiaq Work to Preserve 
Food and Traditions on Alaska's North Slope

• NIHB - Climate Ready Tribes

• High Country News – Northern California tribes face down 
massive wildfires 
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https://health2016.globalchange.gov/
https://www.globalchange.gov/nca4
https://science2017.globalchange.gov/chapter/12/
https://nca2018.globalchange.gov/chapter/14/
https://nca2018.globalchange.gov/chapter/15/
https://nca2018.globalchange.gov/chapter/3/
https://nca2014.globalchange.gov/
https://nca2014.globalchange.gov/report/sectors/indigenous-peoples
https://nca2014.globalchange.gov/report/sectors/human-health
https://www.epa.gov/climate-indicators
https://cfpub.epa.gov/si/si_public_record_Report.cfm?Lab=OAP&dirEntryId=335095
https://www.ipcc.ch/site/assets/uploads/2018/02/WGIIAR5-Chap11_FINAL.pdf
https://www.nwf.org/~/media/PDFs/Global-Warming/Reports/TribalLands_ExtremeWeather_Report.ashx
https://www.apha.org/news-and-media/multimedia/infographics/how-climate-change-affects-your-health
https://apha.org/-/media/files/pdf/topics/environment/partners/tpeh/priorities_tribal_health_2018.ashx?la=en&hash=C06951A62A5E215BE6C99442A9E1E9DDD060B7C6
https://www.nihb.org/public_health/climate_resources.php
https://drought.gov/drought/data-maps-tools/current-conditions
https://www.fema.gov/media-library-data/1487160966426-3e774ec4315295499f45a25bc8915c90/ASR_Fact_Sheet_Feb2017_COMPLIANT.pdf
http://tribalclimatehealth.org/wp-content/uploads/2019/04/EISI_Template_BETA_041619-1.xlsx
http://tribalclimatehealth.org/data-sources-for-tribal-climate-and-health-impacts/
http://itcaonline.com/wp-content/uploads/2011/03/Tribal-CHA-Toolkit-for-Public-Health-Accreditation-Pilot-Version.pdf
http://tribalclimatehealth.org/resources-clearinghouse/
https://www.reuters.com/article/us-climatechange-usa-displacement/native-american-tribe-to-relocate-from-louisiana-coast-as-sea-levels-rise-idUSKCN0WJ34D
https://poweringanation.unc.edu/alaskan-village-stands-on-leading-edge-of-climate-change/
ttps://www.nwf.org/~/media/PDFs/Global-Warming/Reports/TribalLands_ExtremeWeather_Report.ashx
https://toolkit.climate.gov/case-studies/navajo-nation-hotter-drier-climate-puts-sand-dunes-move
https://toolkit.climate.gov/case-studies/mescalero-apache-tribe-adapts-warmer-and-drier-climate
ttps://www.nwf.org/~/media/PDFs/Global-Warming/Reports/TribalLands_ExtremeWeather_Report.ashx
https://www.cakex.org/case-studies/igliniit-inuit-sea-ice-use-and-occupancy-project
https://toolkit.climate.gov/taking-action/inupiaq-villagers-work-preserve-food-and-traditions-alaskas-north-slope
https://www.nihb.org/docs/06042018/CRT%20Fact%20Sheet.pdf
Northern California tribes face down massive wildfires

