CISA ISD Meteorological Engagement Effort

CISA Extreme Weather Outreach
Extreme Weather Impacts to Critical Infrastructure

“The 10 warmest years in the 143-year record have all occurred since 2015. The 2024 January—December 2024 global surface
temperature ranked warmest in the 175-year record at 1.29°C (2.32°F) above the 20th century average” (NOAA).

Global Year-to-Date Temperature Anomalies

for 2024 and the 10-warmest years on record
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Presenter Notes
Presentation Notes
https://www.climate.gov/news-features/understanding-climate/climate-change-global-temperature
The average global land and ocean surface temperature for January–December 2024 was 1.29°C (2.32°F) above the 20th century average of 13.9°C (57.0°F)—the highest global land and ocean temperature for January–December in the 1850–2024 record.

mailto:Sunny.Wescott@cisa.dhs.gov
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Atmospheric Pressure - Millibar 101

In essence, upper air charts show the atmosphere in three dimensions.

* Wind flowing from a ridge toward a trough is decreasing in height above
the surface. Conversely, wind flowing from a trough into a ridge is
increasing in height.

+ Between the colder, more dense air and the warmer, less dense air is the
location of the greatest change (gradient) in heights of any pressure level.
(NWS Jet Stream) Gradients can help identify areas of high winds.

* By looking at these contours we observe patterns of higher heights (called
ridges) and lower heights (called troughs). These ridges and troughs drive
the weather we experience at the surface, for precipitation or clear skies.

Atmospheric Pressure is measured with an instrument called a barometer,
which is why it is also referred to as barometric pressure.

200 mb

™ 300 mb

500 mb



Presenter Notes
Presentation Notes
The average pressure at the surface is 1013 millibars. There is no "top" of the atmosphere by strict definition. The atmosphere merges into outer space. There are 5 slices of the troposphere that meteorologists monitor most frequently. They are the surface, 850 mb, 700 mb, 500 mb, and 300 mb (or 200 mb). The 850 mb level represents the top of the planetary boundary layer (for low elevation regions). This is near the boundary between where the troposphere is ageostrophic due to friction and the free atmosphere (where friction is small). For low elevation regions the 850 mb level is the best level to assess pure thermal advection.
 The polar jet stream has a vertical thickness of at least 200 millibars with the core of the jet averaging at about 250 millibars. Either the 200 or 300 mb chart can be used to assess the jet stream / jet streaks. In winter, the 300 mb chart works best and in the summer the 200 mb chart works best for analyzing the core of the jet. The jet stream is at a higher pressure level (closer to the surface) in the winter because colder air is more dense and hugs closer to the earth's surface.
https://www.weather.gov/source/zhu/ZHU_Training_Page/winds/pressure_winds/Pressure.htm
https://w2.weather.gov/jetstream/verses
https://www.weather.gov/source/zhu/ZHU_Training_Page/winds/pressure_winds/Pressure.htm






Weather Event Focus
Eight Main Weather Hazards

1. Extreme Heat
Extreme Cold
Tropical Cyclones
Wildfires
Torrential Flooding
Drought

Severe Storms
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Sea Level Rise

Worsening Trends

Changes in climatological norms causing
more extremes brings cascading impacts
across multiple sectors, regions, and
infrastructure types.

All regions across the US has already
reported impacts from each of the eight

Extreme Weather Events Brings Cascading Impacts to All
Critical Infrastructure Sectors and Staff

oo

] o0 |®
w| oo |@
o o0 ™
00—

Commercial
Facllities

@)
A

Communications

(=} O' o
Critical
Manufacturing

Industrial Base

Transportations
Systems

¥

Food &
Agriculture

Nuclear Reactors,

Materials &
@ —

Government
Facilities

weather events highlighted as major concerns
with a warming climate.

As hazards worsen in the coming years, there
will be a rapidly increasing need for climate
resilient facilities and support.
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By 2050, about 63% of the US population could be forced to

endure temperatures over 100°F. For areas where triple-digit
temperatures are seasonal already, the baseline temperature
and the frequency of high heat events will increase.

As average temperatures at the Earth's surface rise, more
evaporation occurs, which increases overall precipitation. For
every 1.8°F of warming, the atmosphere can hold about 7%
more moisture.

» Warmer air holds more water because the water vapor
molecules it contains move faster than those in colder air
making them less likely to condense back to liquid.

o Sea surface temperatures have risen by 0.5-0.6 °C
since the 1950s, and over the oceans this has led to
4% more atmospheric water vapor since the 1970s.

» Heat is released when water vapor condenses to form rain.
When the rain falls, it brings the warm air down to the surface
raising the temperature throughout the area.

» As temperatures increase at the surface, short-burst heavy
rainfall events will increase.

o The air is on average warmer and moister than it was
prior to about 1970 and in turn has likely led to a 5-
10% effect on precipitation and storms that is amplified
in extreme downpour events.

Wet bulb conditions occur when heat and humidity are too high
for sweat to evaporate. Such conditions can be fatal for humans
if the temperature and humidity both exceed 95.

« Extreme heat and humidity are growing more common due to
the growing distance between major low-pressure centers
crossing the US, allowing for direct sunlight heating the
surface and a larger presence of greenhouse gases trapping
that heat for prolonged periods.

In cities, the air, surface and soil temperatures are on average
warmer than in rural areas. This is known as the Urban Heat
Island Effect and can contribute to localized downpours.



National Changes in Temperature and and Summer Temperature and Precipitation
Precipitation Throughout the Seasons

=5
- - - ‘! Annual Temperature ' “‘ Annual Precipitation
As these weather events shifts, energy needs will shift to match e A

=

Observed Changes in the Frequency and Severity of Heavy Precipitation Events

a) Total precipitation on b) Five-year maximum ¢)  Annual maximum
o daily precipitation e daily precipitation

heaviest 1% of days

-
;’p? Winter Precipitation

o Y

Change (%)

1T -

0 10 20 30 40

Observed Changes in Hot and Cold Extremes

R a) Hotdays o b)  Cold days

> (* "

.
Change in Number of Days = 95°F Change in Number of Days < 32°F Change in Number of Nights = 70°F Temperature Change (°F) Precipitation Change (%)
- [ [T - | - | T = [ [ N -4l [ [ [

-10 -5 0 5 10 -10 -5 0 5 10 -0 -5 0O 3 10 -10 -05 00 05 10 15 20 -15 -10 -5 0 5 10 15



States at Risk Summaries — Region 8

Montana

Montana averages 5 days a year with temperatures exceeding dangerous or extremely
dangerous levels. By 2050, the state is projected see nearly 15 such days a year.

Montana faces one of the highest overall threats in the country from widespread
summer drought.

Montana is projected to see an approximately 95% increase in severity of widespread
drought by 2050. Montana’s index of the severity of widespread drought is projected to
be 143 by 2050, on a scale where a 100 represents the current worst threat to a state in
the U.S. (currently held by Texas).

Over the past 45 years, Montana has seen a larger percentage increase in the number
of large fires than any other western state.

More than 600,000 people living in Montana, or 62% of the state's population, are living
in areas at elevated risk of wildfire.

Colorado

Colorado faces a lower threat level from extreme heat than most states. Still, heat wave
days are projected to jump from about 10 a year to nearly 50 a year by 2050.

Fort Collins is the 9th fastest-warming city in the U.S.

By 2050, summer drought severity in Colorado is projected to be among the worst in
the country.

From a study from University of New Hampshire, during a low snow season Colorado
can see a loss of up to $117M in economic value and $154M in ski resort revenue.
Colorado has the highest employment of state winter tourism jobs and has the most
visitors of any state for winter tourism.

Both heat and drought can have an impact on this integral part of Colorado’s economy.

Wyoming

Heat wave days in Wyoming are projected to increase five-fold by 2050, from about 10
to about 50 days a year, on average.

Wyoming is projected to see an increase in severity of widespread summer drought of
approximately 40% by 2050.

More than 450,000 people living in Wyoming, or 82% of the state's population, are living
in areas at elevated risk of wildfire.

Utah

Utah is projected to see an increase in severity of widespread summer drought of
approximately 225% by 2050.

More than 1.3 million people living in Utah, or 45% of the state's population, are living in
areas at elevated risk of wildfire.

As the Great Salt Lake dries it will expose minerals and metals naturally found in the
riverbed to dust storms and outflow boundaries will produce more hazardous plumes
throughout the region and deposit the materials in the higher elevations, reducing
overall snowpack potential during winter and degrading water quality.

North Dakota

Fargo is the 10th fastest-warming city in the U.S. Temperatures across the state are
expected to increase 11-12 degrees by 2100 under current emission scenarios.

By 2050, the typical number of heat wave days in North Dakota is projected to increase
five-fold from 10 to almost 50 days a year.

In North Dakota, more than 50,000 people are living in areas at elevated risk of inland
flooding.

South Dakota

Currently, South Dakota averages 10 dangerous heat days a year. By 2050, South
Dakota is projected to see 35 such days annually.

South Dakota is projected to see an increase in severity of widespread summer drought
of approximately 75% by 2050.

In South Dakota, there are nearly 45,000 people living in areas at an elevated risk of
inland flooding.



http://reportcard.statesatrisk.org/report-card/montana/extreme_heat_grade
http://reportcard.statesatrisk.org/report-card/montana/drought_grade
http://reportcard.statesatrisk.org/report-card/montana/drought_grade
http://assets.climatecentral.org/pdfs/westernwildfires2016vfinal.pdf
http://reportcard.statesatrisk.org/report-card/montana/wildfires_grade
http://reportcard.statesatrisk.org/report-card/wyoming/extreme_heat_grade
http://reportcard.statesatrisk.org/report-card/wyoming/drought_grade
http://reportcard.statesatrisk.org/report-card/wyoming/wildfires_grade
http://www.climatecentral.org/news/fastest-warming-cities-20535
http://reportcard.statesatrisk.org/report-card/north-dakota/extreme_heat_grade
http://reportcard.statesatrisk.org/report-card/north-dakota/extreme_heat_grade
http://reportcard.statesatrisk.org/report-card/north-dakota/inland_flooding_grade
http://reportcard.statesatrisk.org/report-card/north-dakota/inland_flooding_grade
http://reportcard.statesatrisk.org/report-card/south-dakota/extreme_heat_grade
http://reportcard.statesatrisk.org/report-card/south-dakota/drought_grade
http://reportcard.statesatrisk.org/report-card/south-dakota/inland_flooding_grade
http://reportcard.statesatrisk.org/report-card/south-dakota/inland_flooding_grade
http://reportcard.statesatrisk.org/report-card/colorado/extreme_heat_grade
http://www.climatecentral.org/news/fastest-warming-cities-20535
http://reportcard.statesatrisk.org/report-card/colorado/drought_grade
http://ecowest.org/tag/university-of-new-hampshire/
http://reportcard.statesatrisk.org/report-card/utah/drought_grade
http://reportcard.statesatrisk.org/report-card/utah/wildfires_grade
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National Temperature Swings Yield

Extremes

In 2024, there were 27 confirmed weather/climate disaster events with losses exceeding $1 billion each { e
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1991-2020 Average: 1,225.1 Tornadoes
Source: Storm Prediction Center (SPC)
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https://www.ncei.noaa.gov/access/billions/summary-stats
https://www.timesunion.com/weather/article/2024-dangerous-weather-wildfires-tornadoes-19970087.php
https://www.ncei.noaa.gov/access/monitoring/monthly-report/tornadoes/202413
According to data from NOAA's Storm Prediction Center (SPC), during 2024, there were 1,473 confirmed tornado reports to-date. When the numbers are finalized, 2024 will most likely have the second-most confirmed tornadoes on record trailing 2004's 1,817 tornadoes. This is above the 1991-2010 U.S. annual average of 1,225 tornadoes. 


®)

Critical Infrastructure Sectors Risk from Heat

As extreme temperatures continue to swing through the winter, more sites are reporting structural integrity concerns for concrete slabs as building
foundations, reservoirs, canals, roadways, runways, and railway platforms.

Information technology services via datacenters are at operational risk from higher heat concentrations and persisting high heat days through
increased cooling needs and decreased water availability. Many datacenter hubs are in higher risk areas over the next decade from heat domes.

Communication infrastructure is at risk as phones can become too hot for use, power outages can impact communication services, and heat
induced surface degradation (subsidence or upwelling) can collapse towers. Overheating can cause some phones to drop from 5G to 4G connection.

Chemicals stored in high heat threatened regions can face unhealthy emission levels due to air stagnation, some chemicals flash points are a
concern for ambient temperature and can vaporize, and transporting chemicals can become a greater risk for non-cooled containers and combustion.

Critical manufacturing requires water cooling in operations and dust management which is at risk during heatwaves, some materials and equipment
have temperature threshold for use, delays in the supply chain due to heat warping transportation are likely, and power loss can close plants.

Dams and waterways are at clear risk of concrete degradation to the point of cracking, water evaporation causing unhealthy levels of
minerals/metals/bacteria in waterways, fish die offs from hotter waters, ecology damages, and reduced hydroelectric output levels.

Nuclear plants and the agricultural sector require significant water intake and lose operational capabilities on extreme heat days or in heat domes.
Emergency services + healthcare face higher mortality rates, greater vehicle wear/tear, supply chain delays, heat illness, and personnel strain.

Malleable concrete threat: an electric vehicle is about 300 Ibs. heavier than a comparable gas car but up to 1,000 Ibs. more for larger vehicles like trucks,
lacing strain on parking garages, driveways, and roads while wearing down tires about 20% faster and increasing the surface temperature via friction.
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Presenter Notes
Presentation Notes
Using water on concrete in a heatwave as a cooling mechanism is not a promising solution due to the correlation of heatwaves and flash drought.
During Public Safety Power Shutoffs (PSPS), infrastructure owners face the risk of inoperable facilities across the county with degraded emergency services.
https://www.reuters.com/business/energy/arizona-power-demand-breaks-records-during-heatwave-2023-07-18/
https://gizmodo.com/heat-waves-climate-change-data-center-server-shut-down-1849916741
https://www.fiercehealthcare.com/providers/backup-generators-fail-northern-california-hospital-during-record-breaking-heatwave

Pacific Northwest 2021 heat wave impacts: damage cost near $8.9 billion while 221,000 acres of forest were damaged by temperatures ranging from 116-118°F, power cables reportedly sagged or melted, state roads saw upheaval and buckling, electricity demand surged resulting in power outages, and outages were reported in Sacramento’s data center causing latency, office badging issues, and data loss. 
Arizona reported mid-July 2023 produced 17 straight days at temperatures over 110 degrees resulting in record energy demand of 8,191 megawatts, exceeding the previous record set in July 2020. With heat increasing in 2024, transmission systems will be stressed to the point of potential blackouts.
Texas also reported in the summer of 2023 that the state demand’s broke records at least four times in the season due to heightened cooling needs.

Recently, the Environmental Protection Agency (EPA) announced new safeguards to account for climate-related disaster risk in nearly 12,000 hazardous chemical plants

kerosene has a flashpoint (the lowest liquid temperature at which, under certain standardized conditions, a liquid gives off vapours in a quantity to be capable of forming an ignitable vapour/air mixture) of 38 degrees Celsius, meaning at any level under this temperature, kerosene will not release vapours in a way that it will be a flammable concern.
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Extreme Weather Trends vs Communications

Transformer damages from severe storms producing hail, tornadoes, straight line winds over 60 mph, downed trees/branches, flooding, lightning strikes,
and even extreme heat damages to components within transformers, cement platforms holding towers and generators, and transmission line sags/snaps.

Extreme temperatures degrade cellphone functionality to the point of overheating and dropping to 4G from 5G as 5G uses more energy than LTE.
Subsidence, ground sinking, due to drought stresses on groundwater availability can result in tower leans or collapse due to uneven compression.
Wildfire expansion can threaten communication infrastructure, energy generation equipment, and result in relocation of customer bases.

Sea level rise, while a slower onset than other weather hazards amplified by climate shifts, can increase the coastal flooding threats from all low-
pressure centers such as tropical cyclones or Nor’easters which can result in damage to various energy systems and communities.

Drought impacts to waterways in the form of higher temperatures and greater rates of evaporation can reduce hydroelectric outputs and result in
water restrictions for equipment which requires water for cooling such as datacenters or nuclear power plants.

Flooding and larger hail due to stronger thunderstorms during abnormal heating periods can damage end offices, cause power outages, and impact
industry sites while prolonging restoration timelines due to the larger geographical footprint of destruction.

Shifts in winter precipitation frequency and intensity can trigger greater rates of avalanches, stress vegetation, and even threaten roofs for buildings.

Natural disasters across the globe are expected to_increase 37% by 2025 and overwhelm existing National Emergency Telecommunications Plans
(NETPs). Most communication infrastructure is owned by the private sector, with the dependent infrastructure such as the information technology sector,
financial services, emergency services, energy services, and the transportation systems sector all facing amplified impacts from shifts in climate stability
with supply chain delays or losses, negative impacts to regional ecology and key resource hubs, and physical damages to sites and staff.
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https://www.forbes.com/sites/forbestechcouncil/2023/06/20/wireless-is-keeping-pace-with-the-frequency-of-natural-disasters/

https://accesspartnership.com/wp-content/uploads/2022/03/The-Role-of-Satellite-Communications-in-Disaster-Managment.pdf

Physical Security, Site, and Staff Impacts

As severe weather increases the frequency of power outages, causes supply chain delays, amplifies impacts from personnel shortages, damages larger
areas causing prolonged restoration times, negative impacts will increase for key security personnel and necessary physical security systems.

« Power outages can lead to badging and verification « Extreme heat and frequent staff rotations may cause + Hail can damage or destroy backup generators

delays, record storing lapse, or loss of site access gaps in external physical security
* Resource restrictions may result in targeted violence or
+ Extreme heat can reduce the physical efficiency and <+ Increased rates of depression during low pressures theft of site resources (e.g. water)
mental capability of security staff (lethargy) and aggression during heat waves may lead to
workplace violence events »  Theft of backup generators during recovery from
« Severe weather can halt drone monitoring operations storms
and obscure video monitoring * High heat periods may cause loss of sleep further
reducing the capabilities of staff i Extreme heat can impede helicopter operations
* Flooding can result in sensor delays or destruction
«  Extreme heat may cause burns or melt certain *  Amplified events may reduce emergency response
+  Evacuations being televised may result in exploitation materials or cause foundations to crack/dimple availability (e.g. fire/EMS)

of decreased security presence .
«  Supply chain or resource hub damages from heator *  Battery backups for security systems and control

« Damages to physical barriers like fences and gated storms may cause replacement part delays and panels may deplete during prolonged outages
vehicle entry points heightened demand
- > jit % .
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temperatures of 79 degrees. 
• Researchers found that as the temperature rose, activity in the parasympathetic nervous system, the anti-stress system that can help us stay calm and relaxed, was lowered. Oxygen saturation levels in the blood were lower at the elevated temperatures as well, which the researchers said could be expected to result in reduced cognitive performance. 
• One of these studies showed that productivity in the workplace is highest when the air temperature is about 72 degrees, and productivity starts to drop off in the mid-70s. 
• Another shows that for high school students, taking a standardized test on a hot day is linked to poorer performance. 
• There's also research to suggest that heat can make you moodier or irritated, in part perhaps by raising cortisol levels and inducing a stress response. o prior research has shown that being even a little dehydrated can impair cognitive performance. 

• A study published in JAMA Psychiatry in 2022 that found hospital ER visits for mental health conditions rise during extremely hot days. https://www.upr.org/npr-news/npr-news/2023-07-31/yes-heat-can-affect-your-brain-and-mood-heres-why 



@I'ransportation Impacts

Extreme heat can degrade the structural integrity of roadways, railways, runways, and
pipelines resulting in pivots of resource movement methods.

*  When the Mississippi River runs low due to drought events and heat triggered
evaporation of the surface waters, the barges must reduce loads and speed
causing notable delays in shipments and trucking needs to reduce increasing costs.

o Heat causing railways to warp can also cause reduced operations by
requiring slower movement and reduced loads.

Extreme heat for railways threatens railcars with prolonged exposure to solar radiation
when stalled on the tracks and may see material combustion risks or degraded shipping
conditions which may impact the supply chain.

« Warped railways under direct heating may increase derailments.
o Stalled materials in transport can overheat, damaging the products.

These events are occurring globally, resulting in loss of supply for key materials,
minerals, metals, increased demand, rising costs, and subsequently delayed delivery.

which can be amplified in major metropolitan areas due to the surrounding ambient

As temperatures rise, the performance of the aircraft and their engines can deteriorate H - 7
temperatures. _
* Planes get 1% less lift with every 5.4°F (3°C) of temperature rise.

* Refueling can be delayed due to heat while internal aircraft temperatures can rise
rapidly during gate delays or takeoff delays.

» Thermal turbulence occurs due to uneven surface heating by the sun.

» Like railways and barges, the aircraft also cannot take on additional weight during :
the summer, resulting in higher transportation costs and delays. S

Major outdoor events like concerts/festivals, sport games, racing, vacation destinations,
amusement parks, and competition-based events cause an upswing in transportation
system use and more individuals outside/commuting placed at a higher risk to include
waiting on train platforms, bust stops, stalled in traffic, longer plane boarding times, etc.
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https://abc7news.com/flight-turbulence-climate-change-air-global-warming-bumpy-plane-rides/13348453/
 Using satellite data, researchers from the University of Reading estimated that a specific kind of turbulence has increased by some 15% in areas along the earth's jet stream.
The climate crisis is leading to more turbulence during flights, driving up costs and increasing the risks for passengers and crew, according to new research.
The study found that warmer air, caused by carbon emissions, is creating bumpier flights around the world with severe turbulence in the North Atlantic up by 55% since 1979. The study, published in the Geophysical Research Letters journal, found that at a typical point over the north Atlantic – one of the world’s busiest flight routes – the total annual duration of severe turbulence increased by 55% from 17.7 hours in 1979 to 27.4 hours in 2020. Moderate turbulence increased by 37% from 70.0 to 96.1 hours, and light turbulence increased by 17% from 466.5 to 546.8 hours.
https://www.theguardian.com/environment/2023/jun/08/climate-crisis-leading-to-more-turbulence-during-flights-says-study
In Sioux Falls, South Dakota, blow-ups requiring immediate repairs have occurred in 15 different locations in the past two weeks, according to Travis Dressen, Sioux Falls area engineer for the South Dakota Department of Transportation.
https://www.accuweather.com/en/weather-news/roads-buckle-shatter-in-central-us-amid-extreme-june-heat-waves/81410

Bridge collapse 2010 in PA: Investigators concluded that the collapse was caused by the lateral instability of one member, which triggered a chain reaction in the adjacent girders. Among other factors, such as bearing eccentricity, support slopes, and construction imperfections, thermal sweep was cited as a major contributing factor (Oesterle et al., 2007). Thermal sweep occurs when one side of a girder is heated by solar radiation and causes lateral bowing and instability. 


Nationwide, the number of existing properties facing at least a 1% risk will almost quadruple, to 2.5 million by
2050; not accounting for subdivisions to be built in the intervening years.

Over 7 million American homes currently have a “major” risk of wildfire damage, increasing to 13 million over

Fire Weathe
the next 30 years, according to a national wildfire assessment by the First Street Foundation in May 2022.

The estimated likelihood of wildfire today.

A study from the University of Colorado states wildfires have become larger, more frequent, and more widespread since the year 2000.

Analysis of coincident 1000-hour fuel moistures indicated that as fuels dried out, satellites detected increasingly larger and more intense wildfires
with higher probabilities of nighttime burns.

A new study from the University of Montana highlights burn scar impacts to tree regrowth across various regions, indicating new tree seedlings are
unable to survive in hotter climates where parent trees remain. The study indicated that if large areas of the forested parts of the Rocky Mountains
burned, only 50% would recover.

Satellite imagery and state/federal fire history records from 28,000 fires in 1984-2018 showed more fires occurred in the past 13 years than the
previous 20 years. On the West and East coasts, fire frequency doubled. In the Great Plains, fire frequency quadrupled.

Burned vegetation and charred soil form a water repellent layer which blocks water absorption along with compacted soil from months to years of
drought which also inhibits water absorption regionally. These major soil changes cause short rainfall events to be less beneficial for long term

Disasters related to weather, climate, or water
hazards happen five times more often now than they
did in the 1970s. Droughts that may have occurred
only once every decade or so now happen 70%
more often.

» The IPCC states heavy rainfall that used to occur
once every 10 years now occur 30% more often.
* 61% of western wildfires have occurred since
2000 with a steady increase in the number
of wildfires the last 60 years.
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The map below shows the projected increase in the number of “very large fire weeks™
—periods where conditions will be conducive to very large fires—by mid-century
(2041-2070) compared to the recent past (1971-2000). The projections are based on
scenarios where carbon dioxide emissions continue to increase.
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Impacts from Changing Drought Conditions

The likelihood of extreme multiyear droughts will increase, threatening regional water supplies. Flash droughts start and intensify quickly, over periods of weeks to months, compared to years or
decades for conventional droughts. The Environmental Protection Agency (EPA) stated the estimated price tag of fully funding US water infrastructure is over $3 trillion over the next 20 years.

» As higher heat and widespread prolonged drought continue to expand in coverage, intensity, and longevity, almost half the world's population will be living in areas of greater water stress by
2030. This can lead to trade shifts, allocation arguments, and infrastructure changes in both material creation and development of regions lacking natural water security.

From 1980-2022, there have been 30 drought events totaling $309.4 billion dollars according to the Billion Dollar Weather and Climate Disasters report NCEI.
» Surface water is under threat from evaporation, dried soils, increased use for agricultural needs, theft for private consumer use, and a rapidly changing ecology from the drying climate.

If a weather pattern that results in a precipitation deficit lasts for a few weeks or months, it is considered short-term or flash drought. If the pattern and precipitation deficits last for more than six
months, it is typically considered long-term or prolonged drought. Increasing the

» Flash droughts, characterized by rapid onset and intensification, are increasingly occurring which can lead to sudden water losses and subsequent cascading allocation restrictions.

Reductions in water availability can halt developers and certain building repairs, renovations, or retrofitting. Impacts from persisting drought can be mitigated with water recycling such as black or
grey water recycling, closed-loop systems, or alternative resources for backup if the primary source becomes threatened such as water trucks or cross basin water sharing infrastructure.

» Clay-based soil types dry and shrink when a drought occurs, resulting in uneven settling that can damage a building's foundation. Low soil moisture causes contraction away from the
foundation, compromising the bond. This leads to foundation cracking, damaged pipes, sloping floors, and warped windows and doors.

o Retaining walls, bridges, sidewalks, pavement, runways, railway platforms, canals, and dams all face the risk of drought-related harm.

Projected Changes in Average Summer (June-August) Soil Moisture by Midcentury Drought can reduce the amount of water available for Risk of extreme drought events by 2100
2036-2065 relative to 1991-2020 . Single-year drought events 21-year drought events
s hydropower and contribute to degraded energy 0, i
a) Average of all available projections b) Average of infrastructure critical for the technology sector. |
wettest 20% of projections o ) 251 50
Wildfire, which can be exacerbated by drought, can
N ‘| damage energy generation systems. w0 “
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https://www.epa.gov/climate-indicators/climate-change-indicators-drought
https://nasagrace.unl.edu/ 
https://www.cpc.ncep.noaa.gov/products/expert_assessment/sdo_summary.php
https://nasagrace.unl.edu/
https://droughtmonitor.unl.edu/Maps/ChangeMaps.aspx
https://www.landgate.com/news/how-does-drought-affect-real-estate#:~:text=Foundation%20%26%20Structural%20Damage&text=The%20primary%20way%20drought%20affects,causing%20cracks%20and%20uneven%20settling.
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Drought and Seismic Activity

A fault is formed in the Earth's crust as a brittle response to stress. Generally, the movement of the tectonic plates provides the stress, and rocks at the surface break in response
to this. Faults form when rock above an inclined fracture plane moves downward, sliding along the rock on the other side of the fracture. Normal faults are often found along
divergent plate boundaries, such as under the ocean where new crust is forming. Long, deep valleys can also be the result of normal faulting.

» Collisions zones are where tectonic plates push up, resulting in mountain ranges such as the Himalayas and the Rocky Mountains. The San Andreas Fault in California is the
largest in the world at more than 800 miles from the Salton Sea to Cape Mendocino. A devastating earthquake is reportedly ‘due’ by 2030 along this fault.

The number of earthquakes in the central U.S. has increased dramatically over the past decade. Between the years 1973—-2008, there was an average of 25 earthquakes of
magnitude three and larger in the central and eastern US. Since 2009, at least 58 earthquakes of this size have occurred each year, and at least 100 earthquakes of this size every
year since 2013. The rate peaked in 2015 with 1010 M3+ earthquakes. In 2019, 130 M3+ earthquakes occurred in the same region.

“The gravity recovery and Climate experiment (GRACE measurements) reveals that major earthquakes (Mw 5 and above) always occur in the dry stage, indicating
drought and associated groundwater extraction is an important trigger for major earthquakes.” Earthquakes result from strain build-up and weakening from within faults.

* The loss of an estimated 63 trillion gallons of water in West, most of it groundwater, was reported in a study done by researchers at the Scripps Institution of Oceanography. The

loss of the water has caused the ground to rise more than a half-inch in California's mountains in 2017.

The areas around fault lines have valleys where the plates meet and are at their weakest point. Due to
the lower elevations around these topography features, water tends to pool at the lowest elevation and
thereby river systems were naturally located in the weaker spots of the fault line.
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As reported by Williams et al. (2022), 2000–2021 was the driest 22 year period in the southwestern United States in the past 1,200 years.
https://scholars.direct/Articles/environmental-studies/aes-3-025.php?jid=environmental-studies
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Increases in 1 Hour / 6 Hour / 24 Hour Rainfall Totals

Increases in atmospheric water vapor also amplify the global water cycle.
They contribute to making wet regions wetter and dry regions drier. The
more water vapor that air contains, the more energy it holds. This energy
fuels intense storms, particularly over land. This results in more extreme
weather events (NASA).

» More evaporation from the land also dries soils out. When water from
intense storms falls on hard, dry ground, it runs off into rivers and streams
instead of dampening soils. This increases the risk of drought and floods.

Heavier Rains « The average change in hourly
.............................. rainfa” intensity aCroSS a” 1 50
Extreme rains and snows are happening more frequently, as warmer air and oceans stations from 1970 to 2021 was
generate more vapor in the atmosphere. An “extreme” storm delivers more precipitation +13%
in one event than 90 percent of a year's storms do. In recent decades these events have o
multiplied across many urban and rural areas and will increasingly become the norm. . 63% (95/1 50) of stations had
an increase in hourly rainfall
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The water-vapor feedback is weakest where vapor is most abundant. In
humid areas, the infrared energy absorbed by water vapor is already near its
physical limit, so adding some extra moisture has minimal effect. In dry
places, however, such as polar regions and deserts, the amount of infrared
energy absorbed is well below its potential maximum, so any added vapor
will trap more heat and increase temperatures in the lower atmosphere.

https://climate.nasa.gov/ask-nasa-climate/3143/steamy-relationships-how-atmospheric-water-vapor-amplifies-earths-

GLOBAL CLIMATE CHANGE greenhouse-effect/
Vital Signs of the Planet

Scientists from the U.S. Geological Survey (USGS) showed that there has been an increase in the flow between the
various stages of the water cycle over most the U5 in the past seven decades. The rates of ocean evaporation
terrestrial evapotranspiration, and precipitation have been increasing. In other words, water has been moving more
quickly and intensely through the various stages

This map shows where the water cycle has been intensifying or weakening across the continental U.S. from 1945-1974 to 1985-
2014. Areas in blue show where the water cycle has been speeding up—moving through the various stages faster or with more
volume. Red areas have seen declines in precipitation and evapotranspiration and experienced less intense or slower cycles.
Larger intensity values indicate more water was cycling in that region, primarily due to increased precipitation. Credit: NASA Earth
Observatory image by Lauren Dauphin, using data from Huntington, Thomas, et al. (2018).



https://climate.nasa.gov/ask-nasa-climate/3143/steamy-relationships-how-atmospheric-water-vapor-amplifies-earths-greenhouse-effect/
https://www.climatecentral.org/climate-matters/wetter-rainfall-hours-in-a-warming-climate
https://assets.firststreet.org/uploads/2021/09/The-3rd-National-Risk-Assessment-Infrastructure-on-the-Brink.pdf
https://www.epa.gov/climate-indicators/climate-change-indicators-heavy-precipitation
https://climate.nasa.gov/ask-nasa-climate/3143/steamy-relationships-how-atmospheric-water-vapor-amplifies-earths-greenhouse-effect/
https://climate.nasa.gov/ask-nasa-climate/3143/steamy-relationships-how-atmospheric-water-vapor-amplifies-earths-greenhouse-effect/

@impacts to Earthen Dams |

There are more than 91,000 dams across all 50 states, with over more than 9,000 large dams.
The average dam age is 60 years, and more than 8,000 dams are over 90 years old.

« >85% of all U.S. dams will be more than 50 years old by 2030.

Earthen dams are typically constructed by compacting layers of soil, clay, and rock materials to
create a stable barrier and then reinforced with a concrete or metal liner to prevent erosion and
seepage.

+ These dams can be impacted by direct solar radiation and heat as well as subsidence and
erosion from greater intensity precipitation events and other ‘natural’ shifts.

Tailings dams are used to impound waste materials. They are constructed of industrial or mining
waste or waste mineral processing materials.

+ Tailing dams are often the most significant environmental liability for a mining project. Failures |

of tailings dams occur at a significantly higher frequency compared to water storage dams.

Abnormal swings in temperature can threaten both normal components (such as the population
exposure downstream of the dam) and extreme components (such as the flood events) of risk.

« Extreme rainfall events can cause overtopping. Overtopping of earthen dams can often cause |

them to fail catastrophically and completely unless they are designed to overtop.
+ Failure by overtopping is one of the most common forms of dam failure (34% of all failures).
+ 20% of US dam failures have been caused by piping (internal erosion caused by seepage).

» Erosion and scour from flood flow can damage earthen channels and canals such as
irrigation canals and drainage ditches.

One of the most common issues with structures designed to move water is clogging from silt or
debris. Some clogging is from normal wear and tear on the system, but clogging can be an
enormous issue after a storm.

With higher global sea levels, storm surges are more likely to overwhelm sea defenses. Heavy
rainfall can combine with a storm surge to cause a compound flood.

» High water levels can impede stormwater draining into the sea, causing flooding inland, or
high rainfall can add yet more water to an existing tidal flood.
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When exposed, clay is heated continuously through solar radiation the water inside the material evaporates causing notable cracking.
Harmful algal blooms are becoming more common in rivers, lakes, ponds and reservoirs and are contaminating fresh water sources. These can block water intake and can interrupt the free movement of water.
https://www.damsafety.org/dam-failures
Fish adapt into larger sizes and eels move invasive mussels (like Zebra) further north
Rock-fill (or compacted earth) dams are made of compacted fill material, such as gravel, sand, or crushed stone. The most common type of earthen dam.
Rolling-earth (or homogeneous) dams are constructed by placing alternating layers of soil and rock on a slope until the desired height is reached.
Puddle clay dams are constructed by compacting a layer of wet clay on the streambed.
Peat dams are constructed by building a dam of peat, which is an accumulation of partially decayed vegetable matter in bogs and marshes.
The pros of earthen dams include:
They are cheaper to construct than other types of dams.
Earthen dams can be built quickly and easily, without the need for heavy equipment or specialized skills.
The cons of earthen dams include:
Earthen dams have a shorter lifespan than other types of dams (typically only 25-50 years).
They are less durable and more susceptible to damage from earthquakes, floods, or other natural disasters than other types of dams.
Earthen dams may require frequent repairs due to erosion and seepage issues (this can be mitigated by using a concrete or metal liner).
https://unacademy.com/content/gate/study-material/civil-engineering/earthen-dams/#:~:text=clay%2C%20and%20rock.-,They%20are%20often%20used%20to%20store%20water%20for%20agricultural%20or,to%20prevent%20erosion%20and%20seepage. 
https://www.dcr.virginia.gov/dam-safety-and-floodplains/ds-education-dams-101
https://theconstructor.org/water-resources/causes-failures-earthfill-dams/2287/
https://www.mdpi.com/2073-4441/15/16/2866

https://nid.sec.usace.army.mil/#/
https://www.nationalgeographic.com/science/article/problem-america-neglected-too-long-deteriorating-dams
https://infrastructurereportcard.org/cat-item/dams-infrastructure/
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https://www.stltoday.com/news/national/visitors-react-to-walking-to-historic-landmark-in-drought-stricken-mississippi-river/video_1e1d2ef0-d8c6-56b3-8cbd-005dfdeba36e.html
https://friantwater.org/s/FWA_Subsidence_Challenge_V3_web.pdf
https://www.farmprogress.com/water/how-land-subsidence-could-reduce-surface-water-deliveries-california
https://abc30.com/news/groundwater-pumping-causing-central-valley-bridges-to-sink/870713/
https://abc30.com/news/groundwater-pumping-causing-central-valley-bridges-to-sink/870713/
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2018JB016083

Severe Weather on the Rise

Hail events throughout the US are forecasted to intensify regarding size of the hailstones as warmer seasons across multiple
regions can enable stronger updrafts for supercell storms responsible for large hail especially across less hardened areas.

Insured U.S. hail losses average $8 billion - $14 billion per year, or $80-140 billion per decade.

A new study published by the National Center for Atmospheric Research finds there has been “a fivefold increase in the area
affected by straight-line winds since the early 1980s” in the central U.S. Straight-line winds are often produced by
thunderstorms and can impacts like that of a tornado. These winds have increased at a rate of 13% per degree of warming.
Tornado activity from 2008-2021 in comparison with 1991-2010 indicates the seasonal frequency has remained the same but
the location and intensity of tornadic supercells has expanded from “Tornado Alley” to “Dixie Alley” producing larger, longer
supercells. Dixie Alley includes Eastern TX, AR, LA, TN, KY, MS, AL, GA, South MO, Southeast OK, and the FL panhandle.

A recent study predicts a nationwide 6.6% increase in supercells and a 25.8% expansion in the area and time supercells remain
over land by the year 2100. This may result in areas which do not often see tornadic activity reporting an increase in events too.

Change in lightning strikes in 2022 vs. 2015-2021

Half 2z many

2024 Annual Preliminary Report Summary

REPORTS

Over the past two years more severe
weather has been reported in the way of
large, damaging hail and more tornadic
activity in the Spring and late Winter
months reaching further north than
usual. This is amplified in the higher
tornado count in 2023 and multiple
months in 2024 reporting 2-3x their
average tornado counts placing 2024 in
line with the annual average for tornado
reports within the first six months.

United States Billion-Dollar Disaster Events 1980-2023 (CPI-Adjusted)
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https://www.spc.noaa.gov/wcm/
https://www.spc.noaa.gov/climo/summary/�https://www.climatecentral.org/climate-matters/changing-thunderstorm-potential
What’s most concerning from an impact standpoint is that the cumulative footprint of the most intense portions of the strongest supercells is projected to increase from 26% (intermediate) to 60% (pessimistic). society is becoming more vulnerable to violent weather in part because of the “expanding bull’s eye effect,” or sprawl, which enlarges targets for severe storms.
Supercells are projected to be more prevalent in the early severe weather season—with more in February, March and April—while trailing off somewhat in frequency in the late season months
https://journals.ametsoc.org/view/journals/bams/104/1/BAMS-D-22-0027.1.xml

The tornado of 2021: a long-track EF-4 tornado traveled through parts of Arkansas, Missouri, Tennessee and Kentucky. The path length of that tornado was 165.7 miles, which is one of the longest-tracked tornado in United States History. The damage was catastrophic across Cayce, Mayfield, Benton and many other towns across west Kentucky. 

https://www.nature.com/articles/s41558-023-01852-9

() Severe thunderstorms and climate change

I h e RO I e Of H e at i n Sto rm G rOWth Models compare the summeégliprréaitr?dﬁgc;rg i21926§7—21i9§(?9t90. future climate projection%jor

Severe thunderstorms are defined as having sustained winds above 93 kilometers (58 miles) per hour /=
or unusually large hail, and there are two key factors that fuel their formation: convective available
potential energy (CAPE) and strong wind shear.

» Scientists have evidence that global warming should increase CAPE by warming the surface and
putting more moisture in the air through evaporation. g

» Research by Climate Central has shown an increase of 10 to 15 high-CAPE-value days annually =
between 1979 and 2021 across much of the eastern US. >

» According to NASA, disproportionate warming in the Arctic should lead to less wind shear in mid-
latitude areas prone to severe thunderstorms. So, one factor makes severe storms more likely,
while the other makes them less so.

+ Cities such as Atlanta and New York City could see a doubling of the number of days that severe
thunderstorms could occur.

Lightning: Each 1 degree Celsius of warming could spur a 12% increase in lightning frequency,

boosting the flash rate to about four times per second by 2090, up from nearly three times per second { 3 T
in 2011. Many sites across the US reportedly do not invest in lightning protection systems. & I8, '

» Flashes that touch down amid minimal or no rainfall, known as dry lightning, are especially effective - x Z -
fire starters. This fire threat is noted in 2024 with the increase in plume fires merging together. o i =

» Currently about 20 million lightning bolts touch down each year within the continental United States. e

» Hotter days may boost updraft within thunderstorms, causing lightning flashes to increase in 8 | _
frequency to about 4 strikes per second globally — about a 40% increase from 2011. < [

+ The rate of all cloud-to-ground strikes might increase to nearly 8 flashes per second (+28%). H_ N

Hail: increasing temperatures and humidity could fuel larger hail and could mean smaller pellets are
more likely to melt before hitting the ground. e

« Damage from severe thunderstorms has been inching up by about 7% annually for 30 years. _ _ _
The increase in CAPE will

» Worldwide, thunderstorm losses were almost 90% higher than the previous five-year average of be the strongest in the ff

$32 billion, and more than double the previous 10-year average of $27 billion. Southeast and the decrease

- H H in Wind Shear StrongeSt in S&vare lhum‘lernum; Environmant Days
Derechos, Heat Bursts, Outflow Boundaries, Microbursts, and Macrobursts could all increase. the Mountain West. —" "

3 { I 3 I 2
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A dramatic rise in severe thunderstorms globally, but particularly along Tornado Alley in the US, cost insurers a record $60 billion and drove total global insured losses over $100 billion for the fourth year running, according to an analysis by the Swiss Re Institute, the research arm of reinsurance giant Swiss Re AG.
Last year, 24 countries and territories broke or tied their previous maximum temperature records, according to Aon.
https://climate.nasa.gov/news/897/severe-thunderstorms
https://www.sciencenews.org/article/hot-lightning-strike-wildfire-spark-risk-climate-change#:~:text=Each%201%20degree%20Celsius%20of,times%20per%20second%20in%202011.-and-climate-change/
https://www.sciencenews.org/article/lightning-strikes-will-surge-climate-change
https://www.scientificamerican.com/article/is-climate-change-causing-more-record-breaking-hail/
https://www.bloomberg.com/news/articles/2023-12-07/thunderstorms-caused-record-60-billion-in-insured-losses-in-2023?embedded-checkout=true
https://www.noaa.gov/jetstream/wind_damage


~ Climate Central’s Warming Winter Graphics WINTER WARMING

Winters have warmed by 4°F on average across 235 U.S. cities since 1970. Warmer, AVERAGE TEMPERATURE
shorter winters have lingering effects on health, water supplies, and agriculture
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https://www.climatecentral.org/graphic/2024-winter-package?graphicSet=Winter+Warming+Video&location=national&lang=en


{Cbncrete: If an unrestrained slab or wall 30 meters long has a temperature variation from

summer to winter of 38 degrees Celsius, the total thermal movement might be about 1.5 to
1.8 centimeters. Movements occur at the exposed surface of the concrete, which cools off
more quickly, before they occur in the interior of the section, leading frequently to additional
warping or curling effects.
* In high heat environments over 80F, concrete should not be poured, or it will not set
effectively. This can increase setting time from 2-3 days up to 7 days in hot weather.
o Thermal cracking is found particularly in thick slabs, or mass concrete, where the
temperature differential between different areas of the concrete is too high.
= Examples of this can be found in airport aprons, bridge headsticks, and
across numerous highways during the curing process, requiring the sites to
be covered.

City Landscapes: Park benches in direct sunlight during summer months can easily reach
temperatures of 125F when ambient air is around 82-83F.
» Metal benches can hit a scorching 136F with coated benches still exceeding 108F.
» Marble benches comparable can range up to 105F while limestone can reach 116 degrees
in sunlight. Shade often drops these temperature by 16-18F.
o Water fountains can reach 95F, bus stop signs/posts can reach 105F, bicycles can
range to 104 degrees for seats and 102 for handles, and crosswalk buttons near 98
degrees.

Epoxy: Most heat-resistant epoxies need to be cured at temperatures at or beyond the
temperature it will need to endure. If temperatures exceed these maximum service
temperatures, the material could start to distort. At a temperature of 135°F or higher, the
epoxy may begin to exhibit heat damage.
» Epoxy faces the same concerns of needing a few days to cure but in persistent high
heat/humidity levels it could take up to two weeks.
o If Epoxy cures in too high of a temperature it can become too solid, resulting in less
give during temperature swings and may crack.

Metals: Extreme heat causes various metals to expand in addition to impacting the structure,
electrical resistance, and magnetism. When metal heats, the bonds begin to break.
» Bridges in New York, Sacramento, and London have all faced thermal expansion or
cracking— 95F in New York, 103F in Sacramento, and 65F in London.
o Costly sprinkler systems, temperature control systems (pedestal chain AC), foil
wrapping, and emergency deployed water spraying equipment.

UV radiation degrades materials
* Reduction in durability and service life

* Release of microplastics and microparticles

Damage to Wood Photovoltaic Degradation

4 Discoloration / s e 4 Packaging material
aesthetic loss Z :”":_ i i'=‘ﬁ degradation

4 Surface cracking E @ Safety concerns

4 Biodegradation - 4 Power loss

Temperature Oxygen

Damage to Plastics - # 0 Damage to Fabrics

4 Yellowing

iamenil 4 Color change

Strategies to slow the damage of materials
* Stabilisers
* Surface coatings and modifications
* Novel materials

4 Embrittlement

4 Biodegradation

‘-i.
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When 10 percent of the bonds are broken, the metal is in the liquid state.
Photokeratitis is typically described as a “sunburn” on the eye which indicates excessive subjection to ultraviolet light particularly from the sun. Even reflections of sunlight off certain surfaces (e.g. water or snow) can cause similar damage and result in eye sensitivity to sunlight, ocular pain, blurry vision and more.
Currently the world produces around 21 million tonnes of copper per year, contributing to around 0.2% to 0.3% of global greenhouse gas (GHG) emissions.
https://public.ksc.nasa.gov/corrosion/corrosion-fundamentals/
The amount of thermal expansion and contraction of concrete varies with factors such as type and amount of aggregate, richness of mixture, water-cement ratio, temperature range, concrete age, and degree of saturation of concrete. A typical value of thermal expansion and contraction of concrete is on the order of 10 millionths per degree Celsius, that is, very near the same as that for steel.
https://www.engr.psu.edu/ce/courses/ce584/concrete/library/cracking/thermalexpansioncontraction/example.htm#:~:text=A%20typical%20value%20of%20thermal,same%20as%20that%20for%20steel
https://www.nytimes.com/2022/07/18/world/europe/hammersmith-bridge-foil-wrap-heat.html
https://www.nbcwashington.com/news/local/how-hot-is-that-park-bench-hint-dont-sit-down/73984/
https://www.usatoday.com/story/news/weather/2024/07/09/new-york-bridge-stuck-heat-video/74335613007/#:~:text=The%20Third%20Avenue%20Bridge%20connecting,Department%20of%20New%20York%20said.
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Extremist Implications

According to a PwC study, 75% of firms in the U.S. experience a major supply
chain disruption annually (PwC, 2015). Hurricanes, wildfires, and other major
events can cause severe disruption.

» Extremists seeking to increase power outage frequency aspire to use the
cover of chaos from sudden outages to instigate race-war violence.

o Plans like those of the extremists are unlikely to work because
disaster solidarity tends to involve forming a united front against
outsiders e.g. “Hurricane BBQ Parties”

o Astudy from Penn State advocated “There’s a fair amount of
evidence that there’s an early period after a disaster when people
are fairly cooperative”.

Utilizing heatwaves for grids overwhelming is one potential threat from
amplified outages to cause chaos, the other is using material fail points.

+ Electronic equipment such as EV motorcycles, scoots, and bicycles can
explode in extreme heat and can be easily placed in high-traffic areas.

First responders facing greater call volume and need from those facing
medical risk and increased unrest in heatwaves or panic in floods may leave
fewer personnel available for enforcement.

« Crimes of opportunity during the initial surge of the extreme weather event
are not uncommon in most countries, however as events increase this
threat expands across multiple regions and may be focused on material
goods, survival needs, or resiliency supplies.

» Generator theft from stores and from critical sites can cause insurance
issues as claims rise. GPS monitoring equipment is still difficult to retrieve
initially post-disaster due to the persisting power and telecommunication
outages across the area.

E-Scooters & E-Bikes can
be TICKING TIME BOMBS

One white supremacist Telegram channel included calls for attacks
against substations, railways and commercial sites such as grocery
stores and Amazon distribution centers.

A short video appeared to show two men shooting a "water plant” with

rifles.

» The same channel celebrated the Moore County attacks as an act of
"magnificent sabotage" and "beautiful escalation” in an anti-LGBTQ
culture war.

» Others called for large-scale attacks on New York City, Washington,
D.C. and other cities.

A user on 4Chan, who self-identified as "the current Chancellor of the

4th Reich," called on like-minded individuals to attack substations in any

area of the country that was "not majority white."

Exploding e-scooters Kill four as heatwave damages
batteries

There have been near daily reports of electric scooters catching fire across India amid record-breaking
temperatures
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Supply chain: https://www.iea.org/reports/energy-technology-perspectives-2023/energy-supply-chains-between-transition-and-disruption
https://www.sciencedirect.com/science/article/pii/S0140988322004431
https://www.newsweek.com/2023/01/20/domestic-terrorists-could-take-out-us-power-grid-attacks-have-started-1772786.html
https://thehill.com/policy/energy-environment/4869943-extremists-attempt-attacks-electrical-infrastructure/

Record-breaking US heat wave scorches the Midwest and Northeast, bringing safety measures” – by John Seewer and Patrick Orsagos, Associated Press�https://apnews.com/article/us-extreme-heat-wave-45df289d7da2107b272a3839f5828e2f
“Double Trouble: When Weather Emergencies Meet Malicious Hackers” – Danielle McKenna, Johns Hopkins Whiting School of Engineering�https://engineering.jhu.edu/news/double-trouble-when-weather-emergencies-meet-malicious-hackers/
“US DOE to fund resilience tech for energy infrastructure” – Smart Energy International�https://www.smart-energy.com/finance-investment/us-doe-to-fund-resilience-tech-for-energy-infrastructure/
“Manufacturing cybersecurity at heart of new White House guidance” – Kate Magill, Manufacturing Dive�https://www.manufacturingdive.com/news/energy-department-cybersecurity-manufacturing-supply-chain-best-practices/719479/
https://www.start.umd.edu/publication/domestic-violent-extremist-targeting-us-electrical-transmission-grid

https://www.newsweek.com/topic/amazon
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/united-states-of-america
https://www.sciencedirect.com/topics/social-sciences/supply-chain-management
https://www.sciencedirect.com/topics/social-sciences/supply-chain-management
https://www.sciencedirect.com/science/article/pii/S0140988322004431#bb0250
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High-Pressures and Humans

Temperature and violence

Total homicides in Chicago, by month, 2001 - 2018, with average daily high
temperature by month

A 2019 study on terrorist attacks
found that not only were terrorist
attacks more common on hotter

A heat dome occurs when a persistent region of high-pressure traps heat over a particular
area, and it can linger for days to weeks.

Hot weather increases body temperature, which in turn increases heart rate and blood
pressure. Increased blood pressure and heart rate can lead to discomfort, which can be
attributed to the correlation between high heat and increased anger and violence.

* Arecent study in India found that a 1C increase in annual mean temperature was
associated with a 4.5% increase in intimate partner violence. Other studies noted the
increase in sexual violence against women and heightened workplace violence during
heat events.

When the barometric pressure is high, more pressure is pushed against our body, limiting
tissue expansion, increasing blood pressure with an increased possibility of heart attacks.

e A 10-millibar decrease <1016 millibar and a 10-millibar increase >1016 mbar were
associated with a 12% increase and an 11% increase in myocardial infarction and
coronary death events.

Studies have focused on temperatures more than the high-pressure centers enabling
persisting heat events over regions for longer periods.

« A 2019 study from Stanford University found climate change contributed to between
3% to 20% of conflicts over the last century with the potential influence set to increase
substantially due to warming global temperatures.

. Research from Mexico, which took 16 years' worth of daily crime records from different
municipalities found an increase in temperature of 1C correlated with an increase
across all types of crime of 1.3%.

 There were about a third more accusations of crime per population on days hotter than
32C than on days cooler than 10C.

A study of Los Angeles, CA: On average, overall crime increases by 2.2% and violent crime
by 5.7% on days with maximum daily temperatures above 85F (29.4C) compared to days
below that threshold. Moreover, heat only affects violent crimes while property crimes are
not affected by higher temperatures.

« Alaboratory experiment found that participants demonstrated an increase in the joy of
destruction when subject to increasing ambient temperatures.

days, but also that the number of
fatalities per attack were
higher. (Studies in Conflict & Terrorism)
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As temperatures rise, so does violent crime
Average violent crime rates vs average temperature, London
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Regarding cardiac bullet: These effects were independent and influenced both coronary morbidity and mortality rates, with stronger effects in older age groups and for recurrent events.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3406479
https://www.washingtonpost.com/business/2019/07/16/two-new-studies-warn-that-hotter-world-will-be-more-violent-one/


https://www.tandfonline.com/doi/full/10.1080/1057610X.2019.1606992
https://www.ahajournals.org/doi/10.1161/01.CIR.100.1.e1
https://www.ahajournals.org/doi/10.1161/01.CIR.100.1.e1
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3406479
https://www.nber.org/papers/w25785

increase in suicides. Poor quality sleep may be one of the driving factors.

[ Atcording to a 2018 study published in Nature Climate Change, a 1.8°F (1°C) increase in average temperature in the U.S. and Mexico correlates to a 1%

« Heat also plays a role in perceiving an aggressive tone or transgression when interacting with others. Violence in prisons also increases during

extreme heat with days ranging over 27C increasing the probability of violence by 18%.

Twitter sees hate tweets and online aggression increase during heatwaves, along with phrasing that researchers have linked to anxiety and depression.

Analysis showed that productivity started dropping when average daily maximum temperatures rose above 20° C. The researchers’ calculations suggest
that average annual output will decrease by 2.1% if average daily temperatures warm by 1 degree C over current conditions; annual gross domestic

product, or the value of goods and services produced in a single year, would drop by 3%.

« Impacts to venue operations could be experienced in decreased productivity, more aggressive crowds, losses in supply chain, heightened
damages, quicker quitting staff, burnout, greater damage to operational capabilities, and delays/cancellations of performances/events.

Portland sees spike in gun violence as heat wave blankets metro
area

Published: Jul. 8, 2024 at 1:21 AM EDT

“~OXon

ADVERTISEMENT

GUN VIOLENCE
SPIKE IN HEAT WAVE

As the temperature rose across Portland, so has viclent crime, with six shootings since July 4. According to a local sociclogy professor, that is a

predictable pattern.

According to the Mississippi Department of Public Safety,
the violent crime rate in Mississippi increased by 2.4% in
2022 from the previous year.

« The most common violent crimes in Mississippi are
aggravated assault, robbery and murder.

Research from Lancet Planetary Health states for every
5°C (9°F) increase in the average daily temperature, there
was a 4.5% uptick in sex offenses in the following week
across several major U.S. cities.

« On days when the temperature gauge exceeded 85°F
(29.4°C), overall crime jumped by 2.2%, and violent
offenses surged by 5.7%.

With each 5°C rise in temperature, Chicago’s homicide
rates shot up by 9.5%, and New York City wasn'’t far
behind with an 8.8% increase.

In 1988, during the periods warmest summer on record, the
US reported record-breaking violence (1.56 million cases).

« This is a global phenomena and risk.
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Heat also impacts the neurotransmitter serotonin, one of our most important mood regulators, closely linked with keeping aggression in check, according to Wortzel. Serotonin helps relay information about skin temperature to the brain’s hypothalamus, which goes on to control shivering and sweating responses when necessary. Patients with depression often have difficulties with this thermoregulation process; the fact that these problems can be ameliorated when patients take selective serotonin reuptake inhibitor antidepressants suggests a relationship between heat exposure and serotonin production.
https://www.kptv.com/video/2024/07/08/portland-sees-spike-gun-violence-heat-wave-blankets-metro-area/
https://www.oxfordeagle.com/2023/08/23/heatwaves-linked-to-surge-in-violent-crime/
https://www.bbc.com/future/article/20200817-the-sinister-ways-heatwaves-warp-the-mind
Park looked at scores for almost 1 million students and about 4.5 million exams from 1999 to 2011. That analysis, appearing March 2020 in the Journal of Human Resources, found that students who take the exam on an approximately 32° C day are 10 percent less likely to pass a given subject than if they had taken that exam on a 24° C day.  https://www.sciencenews.org/article/extreme-heat-climate-change-human-behavior-aggression-equity

https://www.nature.com/articles/s41558-018-0222-x
https://www.thelancet.com/cms/attachment/2c5a6144-f6d9-4bb7-9cf7-4e48f081edda/gr1.jpg
https://phys.org/news/2023-04-explores-social-media-users-twitter.html
https://www.journals.uchicago.edu/doi/10.1086/713733

= Atmospheric Changes and Wildlife

Experts theorize air pressure changes affect a fish’s swim bladder, which is used to help
a fish maintain neutral buoyancy. The bladder is filled with air and is thereby sensitive to
pressure changes that occur when moving between different depths, likely to be
affected by changing air pressure.

» Low pressure can cause the swim/air bladder to expand, which may cause fish
discomfort and to retreat to a lower depth to relieve the bloating. Conversely, higher
pressure can cause certain species of fish to suspend.

» Recent studies found that temperature indeed drives spatial and temporal changes in
fish body size, but not consistently in the negative fashion expected. Around 55% of
species were smaller in warmer waters (especially among small-bodied species),
while 45% were bigger.

Wild and domestic animals will show a shift in their eating habits once high heat begins,
because seasonal changes in daylight and temperature trigger significant hormonal
changes in mammals.

» These shifts alter the animal’s metabolism and greatly influence food intake. As
temperatures increase, mammals become less active and therefore burn less energy.

« This impact is especially recorded in birds as water availability becomes stressed.

As a warm weather loving animal, a hotter environment could allow North Carolina's
alligators to expand their limited distribution to areas further inland and away from wet,
bogqgy coastal areas.

» Warmer temperatures could also result in changes to reproductive rates, allowing for
earlier sexual maturity and changes in body size for alligators. This could have
implications for similar creatures globally.

» Florida has seen a significant rise in alligator attacks, with the Florida Fish and
Wildlife Conservation Commission (FWC) reporting an upward trend in the number of
alligator bites and fatalities.

» Almost half of the 453 alligator bites reported in Florida between 1948 and 2022,
around 47%, occurred only in the last 22 years, from 2000 to 2022.

An uptick in human-shark interactions has been occurring on the shores of the Atlantic
Ocean off Long Island, New York -- so much so that beaches have closed as surfers,
lifequards and swimmers alike suffer bites from curious sharks in search of food.

Mean fish size changes
from the cool to warm
distribution limits

Number of
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The Relationship between Dog
Bites and Daily Temperatures
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International Climate Impacts to Animal Movement

While the onset of overall changes in heat can drive migration threats for animals, the
amplification of intensity for storms (both continental and tropical) can trigger bursts of
movement and subsequent threats to population centers which normally are not
exposed to sudden influxes of insects, rodents, or predators.

 Sudden floods from a rare storm in Eqypt flushed swarms of scorpions and
tarantulas from their underground burrows into people’s homes resulting in more
than 500 locals seeking medical attention due to stings overnight.

 Torrential floods in Tanzania led to more lion attacks after their usual prey migrated
away from floodplains.

. Higher air temperatures in Australia triggered more aggressive behavior in eastern
brown snakes, leading to more incidents of snake bites.

 Wildfires in Sumatra, Indonesia drove Asian elephants and tigers out of reserves
and into human-inhabited areas, leading to at least one death.

. Disruption of terrestrial food webs in the Americas drove black bears in New Mexico
and foxes in Chile into human settlements in search of food.

*  Warmer air and ocean temperatures in a severe El Nino led to an increase in shark
attacks in South Africa.

In India, long-term climate change has reduced the amount of preferred vegetation for
blue sheep, or bharal, which have moved into lower elevations to feed on human crops.

*  The movement of bharal has also drawn down snow leopards, which creates
additional problems.
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https://www.mercurymarine.com/us/en/lifestyle/dockline/how-barometric-pressure-affects-fishing
https://e360.yale.edu/features/with-temperatures-rising-can-animals-survive-the-heat-stress
https://anglerwise.com/2022/12/04/how-does-barometric-pressure-affect-fishing/
A time-series study in Beijing, China. Source: Based on data from Yongming Zhang et al (2017) - SC Psychological Ent. Ltd. https://www.psychologytoday.com/us/blog/canine-corner/201706/high-temperatures-raise-the-risk-aggression-in-dogs
https://communities.springernature.com/posts/do-fishes-really-get-smaller-with-warming?channel_id=behind-the-paper
https://pubmed.ncbi.nlm.nih.gov/32251381/#:~:text=We%20found%20that%20temperature%20indeed,%2C%20while%2045%25%20were%20bigger.

https://myfwc.com/
https://myfwc.com/
https://myfwc.com/media/1716/alligator-gatorbites.pdf
https://abcnews.go.com/US/long-island-shark-attacks-timeline-increasing-phenomenom/story?id=86816153
https://abcnews.go.com/US/long-island-shark-attacks-timeline-increasing-phenomenom/story?id=86816153
https://abcnews.go.com/US/long-island-shark-attacks-timeline-increasing-phenomenom/story?id=86816153
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://www.nature.com/articles/s41558-023-01608-5
https://link.springer.com/article/10.1007/s00704-013-0902-4
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Meteorological Intelligence

On the backside of a very deep low, bringing a severe
storm event, a drop in winds across the region is typical
due to the onsetting high pressure.

According to a recent study, hackers are leveraging these
weather trends to target energy systems when they are at

Knowing when the weather shift is coming can enable
preparation measures like testing backup generators.

their most critical.

Example Event in Long Island:

The study, titled “Operational and economy-wide
impact of compound cyber-attacks and extreme
weather events on power networks”, concluded that
an attack carried out in the wake of a weather event
increased the potential impact 3x more than a

standalone cyberattack.

Local economies could experience a 37% drop-in
economic activity if faced with a compound threat.

o These events led to a 12% of energy demand
going unmet and a daily GDP reduction up to

3.1%.

One conclusion listed that a 9% increase in demand

during a heatwave.

A lone cyberattack could lead to 4% of demand going

unmet.

o Combined they could yield 12%, or nearly

200,000 customers.

‘ Extreme Weather Events ’

Wind Energy Systems }-—'

|

mlmpacts E‘f) /1""‘f

Wind resource

— variations in calm and extreme wind periods

extreme cold and ice deposition

i Turbine shutdowns Inefficient operation

; Structural stress | Increased maintenance

s fluctuations in electricity production

Wind technology

challenges to the normal operation of wind turbines | .
and physical stability |

Accessibility in extreme weather conditions +—

Weather conditions forecast mechanisms

/" Adaptation and
resilience 4

Improve turbine design +————

Stronger materials and structures

Reduce maintenance costs

Safety mechanisms +———

Backup power systems

Real-tme adjustments

Remote monitoring and control s—

'Wind speed and ice sensors

Design limitations | | Operational challenges
[T repair Investment, research, and development
i i of resilient structures
/ Extreme Weather Systems and Events
Energy Storage
Systems \\
Extratropical and Tropical cyclones
\
? Hurricanes  Typhoons Tornados L Hazards and Impacts complement
Storms  Thunderstorms % | 2 \\ (\'\\( \I:)‘
oye Lightning events  High-impact storms Temperature ‘ Wildfires A T, i I\\ Y,
s T £ l Distributed Energy e Grid /
= Weak wind events © —_— — 2ik
= ! g Systems — Resilience
Extreme wind o Ice deposition - 2
) _- A
Q Hoavy precipitation i Precipitation T L
Atmospheric rivers 'E —_ k2 / ad“a:mo““n
'*“ Snowstorms  Hailstorms .: Flooding o
£ oo Landslides
Cold waves and freezing -
a :
A High tamperatures  Heatwaves £ wind =20 g New technology solutions
o ’ .
A High waves and Storm surges [8) =) to enhance grid reliability
== to mitigate the impacts of EWEs
Marine heatwaves
\ Smart Grids to maintain the normal operation of the systems
\\ General extreme geophysical events and Microgrids and associated infrastructures
Earthquakes


Presenter Notes
Presentation Notes
https://www.researchgate.net/figure/Solutions-to-improve-grid-resilience-based-on-energy-storage-systems-distributed-energy_fig4_377440876
https://doi.org/10.1016/j.apenergy.2023.121577


®)

Climate Migration Patterns

Climate migrants are people who leave their homes because of climate stressors. Climate
stressors, such as changing rainfall, heavy flooding, and sea level rise, put pressure on people to leave
their homes and livelihoods behind. It makes their homes uninhabitable.

» Since 2008 over 318 million people around the world have been forcibly displaced by floods,
windstorms, earthquakes or droughts, 30.7 million in 2020alone.This is equal to one person being
displaced every second. The number of people affected by climate change could double by 2050

13 million U.S. coastal residents are expected to be displaced by 2100 due to sea level rise. In the
worst-case scenario, in which sea levels rise by six feet by 2100, the resulting map shows portions of
almost all counties on the East and West Coasts, and along the Gulf of Mexico, under water.

The 2018 wildfire that displaced some 50,000 residents in and around the city of Paradise, California.
“It's increased the property values of neighboring towns,” he says. One such town is Chico, which
became the top refuge destination and turned into a boomtown almost overnight. By the end of that
year, home sales doubled, and housing prices jumped 21%, compared to December 2017.

* People may also flock to major urban centers like Dallas and Houston, which the model predicts will
absorb the most migrants, and drive up the pace of urbanization.

» Heat waves will drive people north—and could make cities like Duluth and Buffalo “climate havens.”
Urban flooding will reshuffle populations within a city.

Climate change related-migration, as used in this report, is an umbrella term describing the spectrum
of climate change’s relationship with human mobility—including the circumstances of “trapped
populations” for whom migration is not an option despite exposure to climate-related threats. Even in
the United States, one extreme event can result in a relatively high degree of permanent relocation of
low-income populations exposed to chronic and worsening conditions over time.

https://www.whitehouse.gov/wp-content/uploads/2021/10/Report-on-the-Impact-of-Climate-Change-on-Migration.pdf

Extreme weather events and conflict are the top 2 drivers of forced displacement globally,
together responsible for the annual movement of nearly 30 million people from their homes.

Climate change can cause or exacerbate resource scarcity, which may drive conflict directly as well as
induce migration of populations in vulnerable situations attempting to secure safety or livelihoods.

The subsequent movement of large numbers of people, by force or by choice, brings new groups into
contact with one another, potentially shifting power balances, causing further resource scarcity, or
igniting tensions between previously separated groups

The Winners and Losers of Climate Migration

Alook at the movement of wealth and people among American cities by 2080
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Sea level rise could displace some 13 million people. Here's where they might go. PLOS One
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Strategies to fortify homes and make them more sustainable are effective. A case in point is the Babcock Ranch, a 17,000-acre planned community in southwestern Florida. It was designed to be sustainable and resilient, with 700,000 solar panels, streets designed to flood so homes don’t, native landscaping to absorb stormwater, and buried power and internet cables. The homes were built to the latest building codes. When Hurricane Ian decimated nearby Fort Myers and Naples, Babcock Ranch was unscathed except for a few downed trees, and never lost power.

https://www.whitehouse.gov/wp-content/uploads/2021/10/Report-on-the-Impact-of-Climate-Change-on-Migration.pdf

Defined Threat: Condensed Periods to Adjust

The change in heating is not just that it is baseline creeping upwards, it is that we built to
norms from a window of time in stable conditions that we will not be returning to during
the next few lifetimes. This means infrastructure was simply not build to withstand.

* The climate hazards defined in previously slides will amplify rapidly in coming decades.

Cret| Paleocene |

-t
N o fa
I l I

Difference to 196119390 (*C)
o
I

Average Global Surface Temperature

B
|

HﬂthD use

[armhou use

] CC S
......

Million Years Before Presant

] SR REI R
10 5 0 20 10 &
I-c;-.frBF-,I‘I:u':EJ"‘Eﬁ:b 'Eﬁa'—!} {ﬁb

Year

Present

____|Plio |Pleistocene| Holocene|Antropocene

n
Average Global Surface Temperature

Difference to 1961-19390 (*C)

th



®)

South Dakota State Summary — NCICS

Due to its location in the center of the US, far from the moderating effects of the
oceans, the state experiences large temperature extremes.

» Average January temperatures range from less than 10°-15°F in the northeast
to more than 25°F in the southwest, while average July temperatures range from
about 65°F in Black Hills National Forest to more than 75°F in the south-central
region. Temperatures of 100°F or more occur nearly every year.

Temperatures in South Dakota have risen almost 2°F since the beginning of the
20th century.

» Temperatures in the first two decades of this century have been higher than in
any other historical period.

« Warming has occurred in all four seasons but has been largest in the winter.

* The lack of summer warming is reflected in a below average number of
extremely hot days since 1990.

Nighttime minimum temperatures have risen at about twice the rate of daytime

maximum temperatures, which may be attributed to an increase in absolute
humidity.

*  Winter warming is reflected in a below average number of very cold days since
2000.

Annual average precipitation ranges from around 16 inches in the northwest to
about 28 inches in the southeast.

« While most of the state averages at least 30 inches of snow annually, portions of
Black Hills National Forest can receive upwards of 70 inches annually.

Most of the state’s precipitation falls between April and September.

* Ahailstone from a severe thunderstorm that fell on July 23, 2010, in Vivian holds
the national record for hail weight (1.938 pounds) and diameter (8.00 inches).
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Graphic: served and projected changes (compared to the 1901–1960 average) in near-surface air temperature for South Dakota. Observed data are for 1900–2020. Projected changes for 2006–2100 are from global climate models for two possible futures: one in which greenhouse gas emissions continue to increase (higher emissions) and another in which greenhouse gas emissions increase at a slower rate (lower emissions). Temperatures in South Dakota (orange line) have risen almost 2°F since the beginning of the 20th century. Shading indicates the range of annual temperatures from the set of models. Observed temperatures are generally within the envelope of model simulations of the historical period (gray shading). Historically unprecedented warming is projected during the 21st century. Less warming is expected under a lower emissions future (the coldest end-of-century projections being about 2°F warmer than the historical average; green shading) and more warming under a higher emissions future (the hottest end-of-century projections being about 11°F warmer than the hottest year in the historical record; red shading). Sources: CISESS and NOAA NCEI.
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South Dakota Climate Averages by Month

Due to its location in the center of the US, far from the moderating effects of the oceans, the state experiences large

January and February are the celdest months of winter. Daytime temperatures average in the 30s, but Chinock winds can warm
temperatures into the 50s and 60s. Occasional intrusions of Arctic air are short-lived and temperature inversions sometimes produce
warmer conditions in the Black Hills

Low temperatures average from 10 to 20 degrees above zero. Below zero readings are not uncommon in the higher valleys of the
Black Hills

Average monthly snowfall ranges from five inches in Rapid City to 15 inches in the Black Hills. The snow on the plains usually melts
within a few days, with deeper snow in the Black Hills providing good winter recreation conditions.
January Average

High Temp Low Temp Snow Days low temp < 0 E

temperature extremes.

» Average January temperatures range from less than 10°-15°F in the northeast to more than 25°F in the

southwest, while average July temperatures range from about 65°F in Black Hills National Forest to more than

75°F in the south-central region. Temperatures of 100°F or more occur nearly every year.

* Increases in evaporation rates due to rising temperatures may increase the rate of soil moisture loss and the

Rapid City 34 1 52 8
Denver 43 15 77 4
Minneapolis 22 4 135 14
Chicago 30 14 13 7
Kansas City 36 18 58 4

March and April is western South Dakota’s snow season and temperatures are still cool enough in the higher elevations to retain
the snow cover. March is typically the snowiest month of the year, with average snowfall 15 to 25 inches in the northern Black Hills
and =ight to 12 inches over the southern Hills. Normal highs are in the 40s and lows are in the 20s

Snow often occurs in April, although temperatures are warmer. Normal snowfall for the Black Hills is 10 to 20 inches in the north and
five to 10 inches in the south. Average daytime temperatures are in the 50s with lows in the 20s and 30s.

intensity of naturally occurring droughts.

Projected Change in Winter Precipitation

Annual precipitation is projected to
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Figure 7: Projected changes in total winter (December-February) precipitation (%) for the

increase, with the largest increases
occurring during spring and winter.

Increased winter and spring precipitation
can impact South Dakota’s agricultural
economy both positively (increased soil
moisture) and negatively (loss of soil
nutrients, planting delays, and yield
losses).

Increases in the frequency and intensity of
extreme precipitation events are also
projected, potentially leading to increased
runoff and flooding, which can reduce
water quality and erode soils.

Increased winter snowfall, rapid spring
warming, and intense rainfall can combine
to produce devastating floods.

Drought intensity is projected to increase.

March Average

High Temp Low Temp Snow

Days with snow > 1.0

Rapid City 47 23 91 3
Denver 54 25 116 3
Minneapolis 41 24 10.4 3
Chicago 46 29 6.0 2
Kansas City 54 33 26 1

May and June weather is mild and precipitation changes from rain showers to thunderstorms. Storms typically develop over the
Black Hills during the aftarnoen and move onto the plains in the evening. However, Rapid City still sees an average of 20 clear to
partly cloudy days and 65 percent of its possible sunshine in June.

Temperatures warm rapidly as summer approaches. Daytime highs average in the 60s during May and 70s during June. Overnight
temperatures are still chilly, especially in Black Hills, where May minimums are in the 30s and 40s. Lows are typically in the 40s and

50s during June

June Average High Temp Low Temp Rain Clear-partly cloudy days
Rapid City 77 52 283 20
Denver 82 53 156 22
Minneapaolis 78 58 434 19
Chicago 79 57 363 19
Kansas City 84 63 4.44 15

Summer is warm, dry, and sunny. July and August are the warmest months of the year, when daytime temperatures climb into the
T0s and 80s--and sometimes 90s. Breezy winds and low humidity levels help make the hot days comfortable.

Early mornings are cool, so a jacket or sweater may be needed for outdoor activities. Low temperatures average in the 50s
although 40s--and even 30s--can occur at the higher elevations like Deerfield

Thunderstorms produce less rainfall, and drier conditions increase the wildfire potential in the Black Hills. Rapid City records an
average of 9 thunderstorms days in August, but only 1.67 inches of rain

Rapid City receives 75 percent of its possible sunshine. Because the elevation of the Black Hills are between 4000 and 7000 feet,

the sun is very intense

August Average High Temp Low Temp % Humidity Days high temp > 90E
Rapid City 86 57 39 11

Denver 86 57 35 9

Minneapaolis &0 61 56 4

Chicago &1 62 61 4

Kansas City a7 66 58 12

November and December mark the beginning of winter in the Black Hills. Despite cooler temperatures and mare snow; the area
still has many mild, sunny days.

By December, daytime temperatures are in the 30s with nighttime readings in the teens and sometimes below zero in the Black
Hills. Occasionally cold air from Canada will bring subzero temperatures to the entire area; howaver, warmer weather returns
quickly

Snowrfall averages about five inches each month with only two days typically receiving more than one inch of snow. Storms early in
the season produce heavy. wet snow. As the winter progresses, storm tracks from the northwrest bring drier snow. Rapid City's
chances for a white Christmas (defined as having inch or more of snow on the ground) is about 50 percent.

Sunny, mild days and cool nights are characteristic of September and October weather. Temperatures begin to coel around Labor
Day, with September highs averaging in the 60s and 70s, falling into the 50s and 60s in Octeber. Lows drop from the 30s and 40s
into the 20s and 30s. The average first freeze in Rapid City is October 4 and late August through September in the Black Hills

The area’s first snowfall is usually in October, although higher elevations sometimes receive snow in September. Occasional cold
fronts moving through the area bring blustery northwest winds.

middle of the 21st century compared to the late 20th century under a higher emissions
pathway. Hatching represents areas where the majority of climate models indicate a
statistically significant change. Sources: CISESS and NEMAC. Data: CMIP5.

December Average

High Temp Low Temp  Snow

Percent Sunshine

Rapid City 36 13 53 56
Denver 44 16 59 67
Minneapolis 26 1 10.0 42
Chicago 34 20 87 43
Kansas City 40 23 43 45

October Average High Temp Low Temp Snow Days low temp < 32 E
Rapid City 62 35 18 11
Denver 66 36 39 9
Minneapolis 58 39 06 7
Chicago 62 42 0.3 5
Kansas City 68 46 03 2
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https://www.weather.gov/unr/bhco
https://statesummaries.ncics.org/chapter/sd/
Observed (a) annual number of extremely hot days (maximum temperature of 100°F or higher), (b) annual number of warm nights (minimum temperature of 70°F or higher), (c) total annual precipitation, and (d) total summer (June–August) precipitation for South Dakota from (a, b) 1900 to 2020 and (c, d) 1895 to 2020. Dots show annual values. Bars show averages over 5-year periods (last bar is a 6-year average). The horizontal black lines show the long-term (entire period) averages: (a) 4.1 days, (b) 5.5 nights, (c) 19.3 inches, (d) 8.1 inches. Since 1990, the number of extremely hot days has been near or below average, while the number of warm nights shows no overall trend. Total annual and summer precipitation varies widely but has been trending upward since 2000. Sources: CISESS and NOAA NCEI. Data: (a, b) GHCN-Daily from 25 long-term stations, (c, d) nClimDiv.

Observed annual number of very cold days (maximum temperature of 0°F or lower) for South Dakota from 1900 to 2020. Dots show annual values. Bars show averages over 5-year periods (last bar is a 6-year average). The horizontal black line shows the long-term (entire period) average of 2.8 days. The number of very cold days has been below average since 2000, indicative of overall winter warming in the region. Sources: CISESS and NOAA NCEI. Data: GHCN-Daily from 25 long-term stations.
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Precipitation Events of Note — Rapid City

Typically, the Rapid City weather forecast office issues around 300 Severe
Thunderstorm and Tornado Warnings per year (shown at left), with the majority coming
from late May through August.

* As aresult, during most years, Rapid City is are among the top ten offices in terms
of warnings issued. In 2020, the count of 426 was fifth in the country.

* Recent thunderstorms have produced over 5 inches of rain in less than 3-hours
resulting in runoff triggering mudslides and street flooding events.

« Wind gusts over 100 mph have been reported more frequently in the past decade
with river levels in many areas setting or competing for record heights from sudden
onset flash floods or premature snowpack melts.

Squall Line: account for a larger fraction of severe straight-line winds and fewer
tornadoes and large hailstones (also known as a Quasi-Linear Convective Systems).

Microburst: a localized downdraft of air associated with a thunderstorm that is < 2.5
miles in diameter and can produce winds over 120 mph causing significant damages.

Derecho: a line of intense, widespread, and fast-moving windstorms / thunderstorms
that moves across a great distance and is characterized by damaging winds.

Straight Line Winds: A straight-line wind is any strong wind resulting from a
thunderstorm that does not rotate.

Supercells: Most strong tornadoes and large hailstones are associated with

supercells. Supercells are particularly strong thunderstorms that are characterized by a

persistent, rotating updraft.

» Classic supercells are typically identified on radar by their distinctive hook echo
feature, which is evidence of rotation within the storm.

Bow Echoes/Outflows: an echo is used to describe how bands of rain showers or
thunderstorms "bow out" when the storm's strong winds reach the surface and spread,
while outflows are the term used to identify the winds associated with the bow.
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https://www.weather.gov/unr/severe_wx_climo
https://www.weather.gov/iwx/2013_straight-line_winds_vs_tornado
https://www.weather.gov/lmk/derecho
https://www.weather.gov/bmx/outreach_microbursts
https://www.weather.gov/unr/summary-of-historic-floods-and-flash-floods
Observed (a) annual number of extremely hot days (maximum temperature of 100°F or higher), (b) annual number of warm nights (minimum temperature of 70°F or higher), (c) total annual precipitation, and (d) total summer (June–August) precipitation for South Dakota from (a, b) 1900 to 2020 and (c, d) 1895 to 2020. Dots show annual values. Bars show averages over 5-year periods (last bar is a 6-year average). The horizontal black lines show the long-term (entire period) averages: (a) 4.1 days, (b) 5.5 nights, (c) 19.3 inches, (d) 8.1 inches. Since 1990, the number of extremely hot days has been near or below average, while the number of warm nights shows no overall trend. Total annual and summer precipitation varies widely but has been trending upward since 2000. Sources: CISESS and NOAA NCEI. Data: (a, b) GHCN-Daily from 25 long-term stations, (c, d) nClimDiv.

Observed annual number of very cold days (maximum temperature of 0°F or lower) for South Dakota from 1900 to 2020. Dots show annual values. Bars show averages over 5-year periods (last bar is a 6-year average). The horizontal black line shows the long-term (entire period) average of 2.8 days. The number of very cold days has been below average since 2000, indicative of overall winter warming in the region. Sources: CISESS and NOAA NCEI. Data: GHCN-Daily from 25 long-term stations.
With several large rivers running through the state, including the Missouri River, flooding is a great hazard. The frequency of extreme precipitation events has increased. Since 1990, South Dakota has averaged 22% more 2-inch rain events compared to the long-term average (Figure 6). Some historic rain and flooding events have occurred in recent years. The daily rainfall record (at official reporting sites) was set at Groton on May 6, 2007, with 8.74 inches. In June 2011, runoff from a record winter snowpack in the Rocky Mountains, along with heavy May rains in Montana, caused major flooding along the entire length of the Missouri River. Several towns (including Pierre) had to be evacuated and required rapid flood control measures. The extreme volume of water caused long-duration flooding; below the Oahe Dam, the Missouri River at Pierre was above flood stage from May 24 to September 7. South Dakota experienced extreme flooding in 2019 due to a combination of wet antecedent conditions, numerous winter storms, and unrelenting precipitation throughout the spring, late summer, and early autumn. Many flood records were set, particularly along the Missouri and James Rivers. The James River at Columbia was above flood stage for 518 days, which was unprecedented for the Missouri River basin. The 2019 growing season was greatly impacted. Planting delays were widespread, and South Dakota led the Nation in unplanted acres (3.9 million). The persistent wetness and below average summer maximum temperatures slowed the progress of crops, as well as the fall harvest. As of June 2020, U.S. Department of Agriculture crop indemnities exceeded $10 million for most counties in the eastern half of the state. One of the most devastating flash flooding events occurred during June 9–10, 1972, when torrential rainfall (unofficially, as much as 15 inches) fell overnight in the Black Hills area, causing the Canyon Lake Dam to fail. The resulting flooding in Rapid City killed more than 200 people, injured more than 3,000, destroyed 1,300 structures, and resulted in damages of more than $1 billion.
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Severe Weather Ranges — Rapid City
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Rapid City County Warning Area Golf Ball Sized Hail or Larger by Month and Day, since 1955
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https://www.weather.gov/unr/severe_wx_climo
Of all the severe hazards, large hail is the one that we experience most often across our area, particularly near and just east of the Black Hills. Golf ball-sized hail is common during the summer months, while several incidences of baseball-sized or larger hail are likely each year. 
Strong winds can occur at all times of year across northeastern Wyoming and western South Dakota. However, here we are referring to those that occur in association with thunderstorms. Severe winds are defined as those that reach at least 50 kt (58 mph) or produce wind damage. Significant severe winds reach at least 65 kt (75 mph) or produce comparable damage.
As was the case with tornado environments, environments supporting severe thunderstorms are most common across our area from late spring through mid summer. Diurnally, the maximum occurrence time is again from mid-afternoon through the early evening; however, there is an increased likelihood of occurrence of straight-line winds and large hail from late evening through the overnight when compared to tornadoes.
Severe weather season across western South Dakota and northeastern Wyoming is relatively short compared to much of the Plains and eastern U.S. but also relatively active. Typically, the Rapid City weather forecast office issues around 300 Severe Thunderstorm and Tornado Warnings per year (shown at left), with the majority coming from late May through August. As a result, during most years, we are among the top ten offices in terms of warnings issued. In 2020, our count of 426 was fifth in the country.



%\quifer Locations and Losses

South Dakota

In Rapid City: City water supplies are obtained from wells completed in
the Madison and Minnelusa aquifers, collection galleries in the alluvium
along Rapid Creek, and surface water from Rapid Creek.

» The Madison aquifer is especially vulnerable to contamination in the
Rapid City area because of (1) bedrock outcrop areas west of Rapid
City; (2) direct connections to potential surface contaminants through
streamflow loss zones; and (3) fast travel paths through solution-
enhanced openings and fractures.

The Ogallala Aquifer region, located in the Great Plains of the central
US, is the largest freshwater aquifer in North America, supporting one
of the most agriculturally productive regions in the world.

*  The Ogallala supports nearly 30% of all crop and animal production
for the US and accounts for 15% of all groundwater withdrawals
making this region critical to the global food supply chain.

« The Ogallala provides critical drinking water to 82% of the people
living within the aquifer boundary.

«  Water for this aquifer is being depleted at a higher rate than
recharge capability with available water supplies in many areas of
the aquifer having already been reduced by more than 40% to 75%
since predevelopment.

*  Much of the most agriculturally productive areas of the aquifer from
Texas north through Kansas are at risk of depletion by the yr 2100

Wyoming

Platte R.

New Mexico

Figure I1: Surface Geology of South Dakota. Map available at: hitp://jurassic2.sdgs.
itsed, z’a‘.'rh’:prffaf,vj&aiﬁ (r-10-text. pfff
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RAPID CREEK WATERSHED & THE AQUIFERS:
Anintegral interconnected ecosystem in the Black Hills.
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Water Well Withdrawal
for City af Rapid City
domestic use,

Rapid Creek
L, surface water
flows to Rapid City
water supply
intake.

Gounesy of Back Hilk Chaan Watse Allance
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The Rapid Creek aquifer is a source of drinking water for
Rapid City, South Dakota, and Ellsworth Air Force
Base. The aquifer is fed by water that flows from Rapid

Creek into two underground aquifers.
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Figure 2: Approximate extent and depth, in feet, of the Deadwood-Winnepeg
Formations. Aquifer extent taken from a map prepared by [.P Gries. Depths are from
the files of the Department of Environment and Natural Resources.
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 By 2010, roughly 30% of the Ogallala had been depleted. Currently, approximately 410 km3 of water has been harvested from the Ogallala since predevelopment, a volume roughly equal to that of Lake Erie. While only 23% of the total Ogallala region is irrigated (Gollehon and Winston 2013; Ajaz et al. 2020), yields on irrigated fields are often two to four times greater than those on dryland fields. 
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Seismic Activity Risk

Small earthquakes occasionally happen in South Dakota but are not large enough to be
considered threatening to life or property.

+  South Dakota fault lines are predominately in the Black Hills National Forest.

* There have been almost 100 documented earthquakes in South Dakota since the first
recorded one in 1872.

« Likely causes of these earthquakes are adjustments deep in the basement rocks
underlying the state or ongoing rebound of the earth’s crust from compression by ice
sheets during the last ice age.

Occurrences of a magnitude 4.3 earthquake have been documented three times in South
Dakota's history (1934, 1982, 2002).

* In 1934, the quake event was the final of three earthquakes recorded within eight months.

»  Southwestern South Dakota experienced significant tremors on March 28, 1964, from an
earthquake registering 5.1 on the Richter scale. Centered near Merriman, Nebraska, the
quake caused cracks in roadways, collapsed riverbanks, falling plaster, and damage to
goods in homes and stores.

o Aday before, the most powerful earthquake in US history, a magnitude 9.2 occurred
in the southern parts of Alaska.

«  Overall, according to the United States Geological Survey, there have been 71 earthquakes
reported in South Dakota.

As of October 2022, there are 151 oil wells and 42 gas wells in production. There are fewer

fault lines in the Dakota’s to be triggered by the pressure induced from wastewater deposal

wells associated with fracking.

* Regulatory efforts to backfill some injection wells with cement and reduce injection volumes
have been effective in lowering induced earthquake rates, according to a study in The
Seismic Record (TSR).

The average water flow in this section of Rapid Creek is 419 gallons per second. The water that

flows from Rapid Creek down into the aquifers is 18%.

* A mining spill (including cyanide, arsenic, or other heavy metals) could pollute Rapid Creek
and its related aquifer. Responsible development of domestic mineral supplies is important to
transitioning to a clean energy economy.

Earthquakes in South Dakota (1872 - 2022)

Mercalli Intensity
@ <=
o v
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@
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Surface and Groundwater Areas

The South Dakota Department of Environment and Natural Resources provides an
interactive map of groundwater levels at over 1000 observation wells across the state.
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«  About 42% of the water used in South Dakota comes from groundwater, which is about
251 million gallons per day.
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+ About 78% of the state's public water supplies come from groundwater, which serves Syshae

545,104 people.

The James River originates in central North Dakota between the cities of Harvey and
Fessenden and generally flows south-southeast for approximately 710 miles until it empties
into the Missouri River near Yankton, South Dakota.

Brila

The Rapid Creek originates from springs in the Black Hills National Forest and flows east
through Rapid City, the area of formation is aligned with the fault lines in the region.

Lewis and
5 Ciark Lake

4] S0 KM 50 Miles €1 geology.com

» Rapid Creek is critical to the health, economy, and survival of Rapid City and other
western South Dakota communities.

‘Well Reading Routes
¥ Black Hills
¥ Brookings Summer East
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#Data Logger North
/Data Logger South
# Summer Pierre North
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/ Summer Watertown South
#West River
¥ Special Considerations
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! Shaded Relief Map  of South Dakota
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Groundwater is also important globally, as it makes up about 30.1% of the Earth's freshwater and is 60 times more abundant than fresh water in lakes and streams.
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South Dakota — Infrastructure Grade

Lake Oahe is the fourth largest man-made lake in the United States, stretching 230
miles from Pierre, South Dakota to Bismarck, North Dakota.

BASIC FACTS BIPARTISAN INFRASTRUCTURE LAW

5‘ - -
s $2.2 billion n
has been distributed so far across

375 projects (average $6.0M, median $254K]

 The dam consists of an earthen embankment, an outlet structure with six tunnels
for releasing stored water, a powerhouse, and eight spillway gates on a concrete-
lined spillway. 5,886

bridges: 17.3% of
which were structurally

*  During normal operations, USACE releases water through the powerhouse to

. dehici in 2021
generate power and balance reservoir levels for other uses. @ 67% _
to EFEIHSPGIT! tion
» As operations shift to reducing flood risks during periods of high runoff, water also 88 .
high-hazard damas . 20%

to climatelenergy/
environment

@ 13%

for broadband

is released through the outlet structure and if needed, USACE dam operators can
release more water through the spillway gates.

Ellsworth Air Force Base (AFB) is a United States Air Force (USAF) base located
about 10 miles northeast of Rapid City is one of only two B-1B bases in the world.

$1.1 billion
total drinking water
nesd

« The base is the Black Hills, along with the headwaters to the aquifer for Rapid City

Four KEY WINS IN SOUTH DAKOTA
and the location of the fault lines for the state. Continuing to develop the region W N

Superfund sites
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could lead to overpulling of the aquifer and increased subsidence/quake rates. p 77 . e — 2 M= g
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Accelerated wea level rise Urbanization and Population Growth
Extreme weather events Increased Water Demand I E e g I O n a u S I e n Ce re a
Reliance on Groundwater
Impacts
- neressedt Flocd Fisk Subsidence has been recorded in the US at a rate of nearly 2-feet over three years for some aqueducts.
—
Sea-Level Rise — D e amen] * Utilizing aqueducts to channel water from one area to another, pulling from wells at a faster rate, digging
3- 10 mm/year = Loss of Life new wells to pull from the underground aquifers, pumping water from lakes/rivers, and creating
E supplementary channels along canals to siphon water from set provisions has compounded the
o upstream water provision in major riverways and tributaries out west and in other countries.
Subsidence from well water overpulling the groundwater aquifers and subsidence from degrading coal
mines have similar impacts across developing regions. Residents of the areas may not be aware of the
‘ Subsidence decreasing stability of their infrastructure until there is a partial or full collapse of a road, home, or canal
1RO resulting in permanent damage to the topography of the region.
+ Wells dropping 4-8 feet throughout the Northern Rockies and up to 20 feet along the Pacific
Northwest coastline indicates aquifer losses of 100-120 feet are possibly spreading across the west.
X Subsidence in the United States has directly affected more
b , Im pacts on the Aq ueduct than 17,000 square miles in 45 states, and associated
AR X annual costs are estimated to be over $125 million.
' _ ) g The principal causes of subsidence are aquifer-system
" * Decreased delivery capacity £ Rt compaction, drainage of organic soils, underground mining,
Vo {cross section) hydro compaction, natural compaction, sinkholes, and
As the ground drops across the state due to the compacting
- Decreased system reliability D Py s 'y soils, the varyin_g rates of sinking vyill increase fla§h floo.d
: T === — + total accumulation as water pools in the lowest lying points.
= = + Increased operations and *  Subsidence may cause areas which were not previously
maktenance . the lowest-lying area to take on more water than
_ : | previous flood plans accounted for.
= o - e State Water Project operations decrease water levels to Once subsidence causes ground collapse at the surface,
BN :ffep Eparufotuhe b orpnen L e e the soils and materials which fall into the drying aquifer
2 o ow capacity in the Aqueduct.
Tz _ cause permanent damage to the groundwater system.
. It takes more than 3-years for shallow aquifers to recover stored groundwater from _ o
- P T e droughts, not accounting for the severe drought periods or the water being pulled from | Soil collapse along roadway§ and sewar system pipelines
- the aquifers via wells or aqueducts for the use of residents’ daily needs. can cause hazardous materials to enter the aquifer system
Ab e https://www.sciencedirect.com/science/article/abs/pii/S0022169421009677 and dggrade Wat(?r quality for all wells pulling downstream
of the impacted site.
It takes about two years for rainwater drought to become groundwater drought, though in Even minimal subsiden n threaten critical infrastructur
some cases it takes up to 15 years if rainfall persists below average throughout a region. © al subsidence ca eaten critica astructure
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South Dakota — Subsidence Risk

In April 2020, a sinkhole formed revealing an abandoned gypsum mine in Hideaway Hills. Since that
first giant collapse, more holes and sinkings have appeared and there are now “too many to count”.

* There are currently 12 homes in an evacuation zone and a total of 158 homes are threatened
due to their foundations having nothing stable to sit on.

o The destabilized land is now impacting the areas roads and utilities.

+ The state traced the area’s mining history to the 1900s, noting a company that mined
underground and on the surface before 1930. Beginning in 1986, the state-owned cement plant
mined for several years.

Years of undermining caused portions of Lead, South Dakota to sink into the ground during the
1920s and '30s.

+  South Dakota has 50,758 records of mining claims on public land managed by the Bureau of
Land Management and 1,128 records of mining mines listed by the United States Geological

Survey (USGS).
o Gold, Silver, Uranium, Tin, and Beryllium mines located in South Dakota.
o There are 6,818 active mining claims and 43,940 closed mining claims.
The Geological Survey Program has drilled more than 22,600 test holes and wells in South Dakota.

+ The discovery of gold in the Black Hills led to a rush of miners from other gold boom areas and
some mining areas are reported to have contaminated river systems in the region.

Pennington, Lawrence, and Custer are the most active counties for mining
in South Dakota.

* 151 mines in South Dakota were observed to have ore mineralization in
an outcrop, shallow pit, or isolated drill hole.

o South Dakota has 144 prospect mines.

Total Claims  Active Claims  Closed Claims  Adtve Acres  Tofal Mines Prospects Occurremces  Flamts  Producers

Land Type

Black Hills National Forest National Forests 41,406 123 1 626

T o

Opened .
) ' Transfered .
/ IEC]C sed

1.1k -
1.0k~
0.9k
0.8k /

0.7k H
0.6k~
0.5k~
0.4k~
0.3k =

0.2k
0.1k
0.0k4—

T
L
] o

& &

o ringd
W .
T

4t sl ot
I s.'i#: L

thediggings.com
Novembar 2024

Annual Claim Actions In South Dakota

NR32ConAgg_Public
Construction Aggregate Sites
Active/Inactive
® Reclaimed

® Acive

Pierre.

MLAcre

Condition

|:| Reclaimed
D Active

Sand, Gravel, and Construction Aggregate Mining


Presenter Notes
Presentation Notes
https://www.kotatv.com/2024/06/18/more-than-200-people-suing-south-dakota-hideaway-hills-sinkhole/
https://www.sdresourceconcerns.org/let-your-voice-be-heard/
https://www.sdpb.org/images-of-the-past/2016-10-13/the-lead-subsidence
https://apnews.com/article/south-dakota-sinkholes-lawsuit-219c289c9c656d1382cd444b8b54b687
https://sdbit.maps.arcgis.com/apps/webappviewer/index.html?id=4046cfb6c4c24087831e18c6255466ae
https://thediggings.com/usa/south-dakota/map

https://thediggings.com/usa/south-dakota/pennington-sd103
https://thediggings.com/usa/south-dakota/lawrence-sd081
https://thediggings.com/usa/south-dakota/custer-sd033

{ JSouth Dakota

Climate Hazards

From 1980-2024,
there have been 35
confirmed weather /
climate disaster
events with losses
exceeding $1 billion
each to affect South
Dakota.

These events
included 13 drought
events, 4 flooding
events, 1 freeze
event, 15 severe
storm events, and 2
wildfire events.

The 1980-2023
annual average is
0.8 events; the
annual average for
the most recent 5
years (2019-2023) is
1.8 events.

June 2024 produced
two severe weather
events reaching
billion-dollar losses

with tornadoes/hail.

South Dakota’s climate is changing. In the past century,
mast of the state has warmed by one to two degrees (F).
Rainstorms are becoming more intense, and annual rainfall
is increasing. In the coming decades, summers are likely
to become increasingly hot, which may amplify some risks
to human health and decrease yields of some crops while
lengthening the growing season for others.

Qur climate is changing because the earth is warming.
People have increased the amount of carbon dioxide in
the air by 40 percent since the late 1700s. Other heat-
trapping greenhouse gases are also increasing. These
gases have warmed the surface and lower atmosphere
of our planet about one degree during the last 50 years.
Evaporation increases as the atmosphere warms, which
increases humidity, average rainfall, and the frequency of
heavy rainstorms in many places—but contributes to
drought in others.

Greenhouse gases are also changing the world's oceans
and ice cover. Carbon dioxide reacts with water to form
carbonic acid, so the oceans are becoming more acidic.
The surface of the ocean has warmed about one degree
during the last 80 years, and sea level is rising, at an
increasing rate. Warming is causing snow to melt earlier in
spring.

Temperature change 'Fk

4405 @ 05 1 15 2 25 3 35

Rising temperafures in the last century. The warming in South
Dakota has been more than the average waming natiomside.
Source: EPA, Climate Change Indicators in the Unitad States.
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Precipitation and Water Resources

Changing climate is likely to increase the demand for water and
make it more available. Rising temperatures increase evapo-
ration and water use by plants, which make soils drier. But
rainfall is likely to increase enough to allow soil moisture to
increase slightly or remain about the same as today. More water
is likely to run off into the Missouri River and its tributaries.

The resulting increase in river flows could benefit recreational
boating, public water supplies, and electric power generation.
During droughts, decreased river flows can lower the water level
in lakes and reservoirs, which may limit municipal water supplies
and impair swimming, fishing, and ather recreational activities.
But if more water flows through the rivers before or during a
drought, these problems will be less likely. Higher water flows
also increase hydropower production, which accounts for almost
40 percent of the energy produced in South Dakota. Nevertheless,
droughts are likely to become more severe in downstream states.
When droughts lower water levels enough to impair navigation,
the LS. Army Corps of Engineers releases water from the
upstream dams, making less water available to South Dakota.

Rising Temperature and Heavy Storms

Warmer air tends to have more water vapor, so0 more water can
be potentially released in a storm. During the last 50 years, the
amount of rain falling during the wettest four days of the year
has increased about 15 percent in the Great Plains. Over the next
several decades, heavy downpours will account for an increasing
fraction of all precipitation. Larger river flows and more intense
rainstorms would each increase the risk of flooding.

Scientists do not know how the frequency and severity of tor-
nadoes will change. Rising concentrations of greenhouse gases
tend to increase humidity, and thus atmospheric instability, which
would encourage tornadoes. But wind shear is likely to decrease,
which would discourage tornadoes. Research is ongoing to learn
whether tomadoes will be more or less frequent in the future.

Agriculture

Rising temperatures and changes in rainfall are likely to have
both negative and positive effects on South Dakota's farms and
ranches. Hot weather causes cows to eat less and grow more
slowly, and it can threaten their health. Increased winter and
spring precipitation could leave some fields too wet to plant, and
warmer winters may promote the growth of weeds and pests.
During drought years, hotter summers will dry the soil. Within
70 years, the frequency of days above 100°F is likely to double.
Even where ample water is available, higher temperatures
would reduce yields of corn in the warmest parts of the state.

The overall yield of corn, however, is likely to increase in cooler
parts of the Great Plains. Although higher temperatures would
reduce yields of wheat and soybeans, increased concentrations
of carbon dioxide are likely to increase yields enough to offset
the impact of higher temperatures. Increased precipitation at the
beginning of the growing season could also benefit some crops.
Warmer and shorter winters may allow for a longer growing
season, which could allow two crops per year instead of one

in some instances. Warmer winters may also benefit cattle,
offsetting some of the harm from hotter summers: during the
winter of 1996-1997, for example, high winds and heavy snow
killed half of the newbomn calves and 100,000 adult cows in the
northern Great Plains.

Forests

Longer growing seasons and increased carbon dioxide con-
centrations could increase the productivity of forests. Although
forests generally benefit from higher productivity, warmer

Trees killed by a mountain pine beetie infestation in the Black Hills.
Credit: Blaine Cook, USDA Farest Senvice.

ormation about climate and the
5 and 235858 D i

conditions make forests more susceptible to pests. Temperature
controls the life cycle and winter mortality rates of pests such as
bark beetles, which have infested and killed trees in the Black
Hills in recent decades. With higher winter temperatures, some
pests can persist year-round, and new pests and diseases may
become established.

Human Health

Extremely hot and cold days can be unhealthy—even dangerous.
Certain people are especially vulnerable, including children, the
elderly, the sick, and the poor. The elderly may be particularty
prone to heat stress and other heat-related health problems,
including dehydration, cardiovascular strain, and respiratory
problems. Those with low incomes may be particularly vulnerable
due to a lack of air conditioning. Power failures due to severe
weather can also present risks, especially in lightly populated
areas where access to the necessary support services may be
limited. While these risks will increase as the climate becomes
warmer, illnesses and deaths due to cold weather and snow are
likely to decline.

Climate change may also increase the length and severity of the
pollen season for allergy sufferers. For example, the ragweed
season in the northern Great Plains and Upper Midwest is now
10 to 21 days longer than it was in 1995, because the first frost
in fall is later.

] i l'-- [ 7 i ]
A photo of a ragweed plant, 2 common source of allergans in South
Dakofa. Like many crops and poffan sowrces, ragweed will have a
longer growing season as temperaiures rise. Siock photo.
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South Dakota Crops — Economic Implications of Drought and Water Loss

South Dakota farmers have received nearly $10 billion in crop insurance payouts over the past two decades. The Environmental Working Group (EWG) says there is a strong correlation between rising
crop insurance payouts and climate change. The 2017 drought was the worst to impact the Northern Plains in decades, causing $2.6 billion in agricultural losses in the US.
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Pennington County
South Dakota

Total and Per Farm Overview, 2022 and change since 2017
% change

2022 since 2017
Mumiber of farms 650 -1
Land in farms (acres) 1,166,970 2
Average size of farm (scres) 1,785 3
Total (3)
Market value of products sold 84,757,000 +40
Government payments 11,630,000 #B1
Farm-redated income 5.B05,000 -21
Total farm production expensas 82,118,000 =38
Meat cash farm income 20,084,000 =38
Per farm average (5}
Market value of products sold 130,395 +41
Government payments * 48,741 +117
Farm-retatad income * 20,732 -20
Total farm production expensas 126,335 =38
Met cash farm income 30,893 =40

Parcant of state agricullure
salas

Share of Sales by Type (%)

Crops 43
Livestock. poultry, and products 57
Land in Farms by Use (acres)
Cropland 242,020
Pastureland BO0,381
Woodland 168,723
Other 15,846
Acres irrigated: 7,189

1% of land in farms
Land Use Practices (% of farms)
Mo till 12
Reduced il [
Inbensive Wl 4
Cowver crop 2

Farms by Value of Sales
Number

Lese than $2 500 180
$2.500 1o $4,000 43
$5.000 1o $9.998 41
$10.000 1o 524,508 100
$25.000 10 $49.000 52
$50.000 10 $99.000 58
$100.000 or mora 176

Percent of Total *

United States Department of Agriculture

Mational Agricultural Statistics Se

Farms by Size

1 o 9 acres

10 to 49 acras
50 to 179 seres
180 to 489 acres
500 to 999 atres
1,000+ acres

Number Percent of Total *

30 -]
130 20
130 il

87 13

72 1
183 2

www.nass.usda.gov/AgCensus

Pennington County
South Dakota, 2022
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Market Value of Agricultural Products Sold
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County Profile

Rank Countles Rank Countles
Sales in Producing In Producing
($1,000) State = Item Uus.= Item
Tatal 84,757 54 BE 1,546 3,078
Crops 36,232 52 66 1,491 3,074
Graing, ollseeds, dry beans, dry peas 28,17 52 66 1,162 2017
Tobacco - - - " 27
Caotton and cottonseed - - - - 64T
‘Vegetahles, melons, potatoes, sweet potatoes 16 k] AT 2,000 2831
Fruits, tree nuts. bermes 25 15 1] 1818 2mM
hursery, greenhouse, flonculture, sod d A0 2 k] 508 2660
Cultivated Christmas trees. short rotation
woody crops - - 8 - 1.274
Other crops and hay 3080 3B B& 1,088 3035
Livestock, poultry, and products 48,525 a4 BE 1,113 3076
Poultry and eggs 75 x| 66 1470 3027
Caltle and calves 43348 a2 -] 393 3,047
Milk fram cows - - 34 - 1,770
Hogs and pigs (18] 52 &0 )] 2814
Sheeap, goats, wool, mohair, milk 155 40 Gd 1,157 2867
Horses, ponies. mules. burros, donkeys 1,045 3 65 276 2807
Aguacultura [[#]] 4 B (D} 1,180
Other animals and animal products 3,690 5 65 28008
Producers 1,238 Percent of farms that: Top Crops in Acres®
Sex . Forage (hayhaylage), all 60,728
Male 7T Have internet 84 Wheat for grain, all 30,318
Female 464 accass Sunfiower seed, all 18,756
Com for grain 7642
Age Sorghum for grain 3,501
<35 &1 Farm
35-64 680 organically =
&5 and older 47T
Race Sall directly to 7 Livestock Inventory (Dec 31, 2022)
American Indian/Alaska Mative 12 CONSUMans
Aslan - Brailers and other
Black or African American meal-type chickens 445
Mative Hewalian/Pacific lslander - Hire Cattle and calves 62,931
White 1,200 farm labor 26 oy 150
More than one race 5 Hogs and pigs 52
Horses and panies 1,772
Other characterstics . Layerns 2,880
Hispanic, Lating, Spanish erigin 20 Are "ra'“"l’ 95 Pullets T
With military servica 148 arms Sheep and lambs 156
Mew and beginning farmers 380 Turkeys ]

* fverage per farm receiving. ® May not add to 100% due to rounding. © Among counties whase rank can be displayed. ? Dala collscled Tor a maximum
al four produsers per farm. ® Crop commodily names may be sharfened, ses full names al wwivw.nass. usda govigolaoprames.pdf. ' Pasilion below the
line does nol indicale rank. (D) Withheld bo avoid disclosing data for individual cperations. (MA) Mot available. (Z) Less than hall of the unil shown. (-}

Repressnis ram.

USDA is an equal appartunity provider, employer;

CORN
$2.6 BILLION

SOYBEANS
$2.3 BILLION

SOURCE: NORTH DAXOTA AGRICULTURAL STATISTIES SERVICE

HAY/HAYLAGE
$490.4 MILLION

SUNFLOWER
$178.6 MILI_ION
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South Dakota Crops Energy Profile

There are six investor-owned utility companies that provide electric service to specific
geographic areas in South Dakota that are regulated by the PUC.

» Over two dozen electric cooperatives provide power to rural customers and residents of
many South Dakota towns. Each customer is a member and owner of the co-op.

* Three power cooperatives — Basin, East River and Rushmore — are generation and
transmission cooperatives.

Three investor-owned natural gas companies provide service to South Dakota customers:
Montana-Dakota Utilities Co., MidAmerican Energy Co., and NorthWestern Energy and are
regulated by the PUC.

* The communities of Crooks, Garretson, Humboldt and Watertown are served by
municipally-owned natural gas utilities.

Three of South Dakota's four largest power plants by capacity and the two largest by

generation are hydroelectric facilities located on the upper Missouri River operated by USACE.

* The northernmost is the Oahe Dam, which forms a 231-mile-long lake that is the fourth-
largest man-made reservoir in the nation.

2023: South Dakota's remaining net generation comes almost entirely from natural gas / coal.

+ Coal's contribution declined from more than half of the state's net generation in 2008 to 9%.
Natural gas exceeded coal and provided about 14% of South Dakota's net generation.

» Petroleum, biomass, and solar energy together contributed less than 1%.

South Dakota Energy Consumption Estimates, 2022

Coal |

Matural Gas |

Mator Gasoline excl. Ethanol |
Distillate Fuel Oil |

Jet Fuel |

HGL |

Residual Fuel |

Cther Petroleum |
Muclear Electric Power |
Hydroelectric Power |
Biomass |

Other Renewables |

Met Electricity Imports |

Met Interstate Flow of Electricity | N
-25 ] 25 50 75 100 125
Trillion Btu
Ela 5 . ' Eneragy Information Administration, State Energy Data Systen

South Dakota Net Electricity Generation by Source, Jul. 2024
In 2023, wind provided 55% of South Dakota's total electricity net generation.

South Dakota Energy Consumption by End-Use Sector, 2022

13.7 %

Natural Gas-Fired

28.5 % o

ne% Coal-Fired

B Residential
Commercial

B Industrial
Transportation

Hydmelectric

Monhydroelectric Renewables

0 100 200 300 400 500 600 700 800
46.2 % thousand MWh
Wind surpassed the state's previous leading electricity source, hydroelectric
<7y power, for the first time in 2021.

eia’ source: Energy Information Administration, State Energy Data Systen €ia’ Source: Eneray Information Administration. Electric Power Monthly

ElA: South Dakota is the nation's fourth-largest fuel ethanol producer and
accounted for about 9% of total U.S. fuel ethanol output in 2022. The state's 16
fuel ethanol plants can produce about 34 million barrels annually.

* In 2023, renewable resources generated 77% of South Dakota's total in-state
electricity net generation (including small-scale solar). Wind power provided
55% of South Dakota’s total electricity generation, a larger share than any
other state except lowa.

» Crude oil production in South Dakota has ranged between about 1 million and
2 million barrels per year for four decades. In 2023, production fell to 929,000
barrels, the lowest level since before 1981.

» South Dakota uses less total petroleum than all but three other states.
However, in part because of the state’s small population, its petroleum use per
capita is among the highest 10 states.

* Wind power exceeded hydropower's contribution to South Dakota's in-state
electricity generation for the first time in 2021. Wind energy generated nearly
three times as much electricity as hydropower in the state in 2023.
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CISA Extreme Weather and Best Practices

Stakeholder Engagement effort: share feedback to the CISA Extreme Weather Website or the AEP Climate Hub Survey for Critical Infrastructure Sites.
» CISA Extreme Weather and Climate Change Site: https://www.cisa.gov/topics/critical-infrastructure-security-and-resilience/extreme-weather-and-climate-change

» CISA Understanding Seasonal Risks to Cl Operations: https://www.youtube.com/watch?v=KP6kjgkU6KQ

» The Implications of Extreme Weather AEP Climate Hub: https://experience.arcgis.com/experience/alec0d1276064ae387c863f2a14b11e1/

* Resilient Power Best Practices Guide: https://www.cisa.gov/resources-tools/resources/resilient-power-best-practices-critical-facilities-and-sites

» CISA Drought and Infrastructure: A Planning Guide: https://www.cisa.gov/sites/default/files/publications/Drought_and_Infrastructure A Planning_Guide 508c.pdf

+ Infrastructure Resilience Planning Framework: https://www.cisa.gov/sites/default/files/publications/Infrastructure-Resilience %20Planning-Framework-%28IRPF %29%29.pdf

* RAND National Critical Functions Climate Impacts Report: https://www.rand.org/pubs/research_reports/RRA1645-7.html

Extreme Weather Resources and Publications Additional Federal Resources
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NOT AFFILIATED WITH NWS/NOAA/NHC — CISA ISD Meteorological Engagement Effort

Weekly National-International Climate Summary:

Abnormal Weather Events, Climate Headlines,
Forecasted Threats, Global Impacts, Wildfires,
Tropical Cyclone Updates, and Graphics/Studies.

Bi-Weekly CISA Extreme Weather Working Group:

Regional Data Sharing, Upcoming Product
Developments, Climate Education, Sector Impacts,
Resiliency Best Practices, and National
Coordination-Collaboration.

For Questions Contact:

Ms. Sunny Wescott
Chief Meteorologist
DHS — CISA — ISD ACOS
202-701-4470 | Sunny.Wescott@mail.cisa.dhs.gov
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