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“The 10 warmest years in the 143-year record have all occurred since 2010” (NOAA, 2023).

Global Year-to-Date Temperature Anomalies

for 2024 and the 10-warmest years on record
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Weather Event Focus
Eight Main Weather Hazards

Extreme Heat

Extreme Cold

Tropical Cyclone Changes
Larger Wildfires

Torrential Flooding
Prolonged Drought

More 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

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.

Extreme Weather Events Brings Cascading Impacts to All
Critical Infrastructure Sectors and Staff
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“High and Low Pressures: the Carousal of Weather

A low-pressure system has lower pressure at its center than the
areas around it. Winds blow towards the low pressure, and the air
rises in the atmosphere where they meet.

» Because of Earth’s spin and the Coriolis effect, winds of a low-
pressure system swirl counterclockwise north of the equator.

« As the air rises, the water vapor within it condenses, forming
clouds and often precipitation.

* On weather maps, a low-pressure system is labeled with red L.

A high-pressure system has higher pressure at its center than the
areas around it. Winds blow away from high pressure.

« Swirling in the opposite direction from a low-pressure system, the i ﬂﬁi
winds of a high-pressure system rotate clockwise north of the / N \ o &
equator (antlcyclonlc ﬂow) Clouds from those it is raining

« Air from higher in the atmosphere sinks down to fill the space left
as air is blown outward. On a weather map, you may notice a
blue H, denoting the location of a high-pressure system.

Air pressure depends on the temperature of the air and the density of

the air molecules. Air masses differ based off their prevailing fields.

dry and cold air
declines and

The tighter the gradient between the high and the incoming low, the
moist warm air rises warms up

stronger the winds will be as they mix down from the upper levels. and cools down

CYCLONIC FLOW ANTICYCLONIC FLOW

_ e ___,_.—_-_. pre:so:vre a? gooE———— pressure area )

wind blow in the cleckwise direction
from center.
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https://www.noaa.gov/jetstream/synoptic/air-masses#:~:text=An%20air%20mass%20is%20a,properties%20of%20the%20surface%20below.
https://www.metoffice.gov.uk/weather/learn-about/weather/how-weather-works/high-and-low-pressure/blocks
https://scied.ucar.edu/learning-zone/how-weather-works/highs-and-lows-air-pressure


() National Climate Anomalies — June 2024

For June, Arizona and New Mexico each ranked warmest on record. Eighteen
additional states ranked among their top-10 warmest June on record.

» Atotal of 796 counties concentrated across the West, Gulf Coast and
Northeast experienced their top-10 warmest June on record, impacting 166
million people.

The June precipitation total for the contiguous U.S. was 2.74 inches, 0.18 inch
above average, ranking in the driest third of the historical record.

According to the July 2 U.S. Drought Monitor, about 19% of the contiguous
U.S. was in drought, up 6% from the end of May.

There have been 15 confirmed weather and climate disaster events, each with
losses exceeding $1 billion, this year.

* These disasters consisted of 13 severe storm events and two winter storms.
+ The total cost of these events exceeds $37.9 billion, and they have resulted
in at least 106 fatalities. There are three pending disasters under review.

In June, some cities reported zero inches of precipitation: Las Vegas, NV,
Yuma, AZ, Reno, NV, San Francisco, CA, Los Angeles, CA, Fresno, CA, and
Orland, CA.
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end of May. Drought conditions expanded or intensified across most of the Southeast, f
much of the Mid-Atlantic and portions of the Ohio Valley, TN, eastern OK and northern i:p A
e Plains. Drought contracted or was reduced in intensity across much of Southwest, KS, o ,_.,rfﬂ

the panhandile of OK, southern TX and southern FL.

On Jul 2, about 19% of the contiguous U.S. was in drought, up about 6% from the «“y

The National Weather Service office in Caribou, ME,
issued its first-ever Excessive Heat Warning due to
“feels-like” temperatures getting close to 110°F on
Jun 19.

Bettles and Fairbanks had their second- and
third-warmest Jun on record, respectively,
while Nome set a new record for a daytime
high temperature of 77°F on Jun 10, smashing
the old record set back in 1928.

During Jun 19-21, heavy rains caused catastrophic
flooding in NE, SD, IA and MN, forcing residents

to evacuate as water destroyed roads and

bridges and led to the partial failure of a dam.

The South Fork fire burned over 17,000
acres, destroyed around 1400 structures

and claimed the lives of two r.ne()ple.\cD

A severe thunderstorm on Jun 2 dropped cantaloupe-size
(#6.25 inches in diameter) hail in the Panhandle and is
being investigated to determine if a new state record

has been set.

Q On Jun 19, Tropical Storm Alberto became the
first named storm of the 2024 Atlantic hurricane
season and caused heavy rains and storm surge
in TX and LA.

(@’ The average U.S. temperature for Jun was 71.8°F, which is 3.4°F above average, ranking second warmest
in the 130-year record. The U.5. precipitation average for Jun was 2.74 in., which is 0.18 in. below average,
ranking in the driest third of the historical record.

For the first time on record, the entire island

of PR and the USVI were placed under a heat
advisory or warning by the National Weather
Service on Jun 25.

Please Note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https:/iwww.ncei.noaa.govfaccessimenitoring'menthly-report/
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The U.S. has sustained 387 separate weather and climate disasters since 1980 where overall damages/costs reached or exceeded $1 billion (including CPI adjustment to 2024). The total cost of these 387 events exceeds $2.740 trillion.
On May 4-5, a late season cold snowstorm brought heavy snowfall to the northern Sierra Nevada. Remarkably, this was the snowiest day (24-hour period) of the entire season with Donner Summit, California receiving 26.4 inches of snow in 24 hours.
There were 1,043 reports of severe weather across the Southeast in May, which is more than double the median frequency of 453 reports over the period 2000 to 2022 (228 percent of normal). There were 57 confirmed tornadoes (18 EF-0s, 31 EF-1s, 6 EF-2s, 2 EF-3s), which is more than five times the median frequency of 11 tornadoes and the fifth most tornadoes recorded in the Southeast in the month of May since 1950 (the record is 76 tornadoes in 1973). 
https://www.ncei.noaa.gov/access/monitoring/monthly-report/national/202404


') Global Shifts — June

The June global surface temperature
was 1.22°C (2.20°F) above the 20th-
century average of 15.5°C (59.9°F).

* June 2024 was the warmest June
on record for the globe in NOAA's
175-year record.

This is 0.15°C (0.27°F) warmer than
the previous June record set last year,
and the 13th consecutive month of
record-high global temperatures.

* This ties with May 2015-May 2016
for the longest record warm global
temperature streak in the modern
record (since 1980).

During June 2024, 14.5% of the
world's surface had a record-high June
temperature, exceeding the previous
June record set in 2023 by 7.4%.

* The record temperatures in large
parts of South America contributed
to early and expansive drying of the
Pantanal, the world's largest tropical
wetlands.

Land & Ocean Temperature Departure from Average Jun 2024
(with respect to a 1991-2020 base period)
Data Source: NOAAGIcbalTemp v6.0.0-20240708
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Selected Significant Climate Anomalies and Events: June 2024

AT

GLOBAL AVERAGE TEMPERATURE
Jun 2024 global surface temperature ranked warmest since global records began in 1850, making it the 13th consecutive record-warm month,

THE ARCTIC
The Arctic had its seventh-warmest Jun and sixth-warmest Europe had its second-warmest Jun
Jan—Jun. Arctic sea ice extent for Jun was 12th lowest on record. and warmest Jan-Jun an record.

.o

EUROPE

MORTH AMERICA
North America had its fourth-warmest Jun
and second-warmest Jan—Jun on record,

GREECE

An early-season heat wave hit Greece in Jun,
with multi-day temperature exceedances of
38°C (100°F) in many places. The extreme
heat led to the deaths of several tourists.

6.

HURRICANE BERYL

Became the first Category 4 hurricans
observed in the Atlantic Ocean during
the menth of Jun, Beryl made landfall
in Carriacou, Grenada as a Category 4
hurricane and caused extensive and

SOUTHEASTERN CHINA

On top of deadly floods in Apr, more heawy
rainsterms in Jun caused loss of homes,
roadways and bridges, damage to crops

The first named storm of the Atlantic 2024
hurricane season peaked with sustained
winds of 50 mph (80 km/h) before making
landfall in narthern Mexica, where heavy

TROPICAL STORM ALBERTO &

inland rains led to flooding and reports :',?stw{:ﬁ ?a”;a %o ?cmss the Asia had its warmest Jun Gaﬁ and dozens of reported deaths and
of several deaths. f :'rtII T‘I:u sﬂ?" Cs .Ebﬂre A and fourth-warmest “G& () missing persons.
UrHEr i the Laribueais Jan=Jun on recard. ® N

Heawvy monsoon rainfall in Bangladesh affected
maore than two millien people in Jun. Flooding
and landslides led to loss of life and damage to
homes and infrastructure.

EL SALVADOR 'y
Heawy rainfall in El Salvador and “G
neighboring countries caused

fleoding and landslides that led

to widespread displacement and
mare than a dozen deaths.

AFRICA
Africa had its warmest Jun and
warmest Jan—Jun on recard,

CARIEBEAN

The Caribbean region and the Main
Development Region for Atlantic
hurricanes had their warmest Jun
and Jan=Jun on recard,

Sauth America had its warmest
Jun and warmest Jan-Jun on

record. ry

SOUTH AFRICA

Heavy rainfall, strong winds and hailsterms
affected southern and eastern South Africa
in early Jun, causing river overflows and
reports of at least 12 fatalities.

(ﬂl\SDUTH AMERICA
GLOBAL OCEAN
Global ocean surface temperature hit
a maonthly recard high for the 15th
cansecutive manth in Jun,
PANTAMNAL
More than 2500 wildfires were reported in
the world’s largest tropical wetlands in Jun,

the most ever so early in the year.

OCEANIA
Qceania had its seventh-warmest
Jan=Jun an record.

ANTARCTIC SEA ICE EXTENT
Antarctic sea ice extent for Jun ranked second-lowest on record.

Please note: Material provided in this map was compiled from NOAR'S State of the Climate Reports. For more information please visit: hitps:fwans.ncel noaa.gov/access/monitoring/monthly-report/'glaball
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U.S. ANNUAL TEMPERATURE COMPARED T0 20™-CENTURY AVERAGE By 2050, about 63% of the US population could be forced to

endure temperatures over 100°F. For areas where triple-digit
1931-1960 1941-1970 temperatures are seasonal already, the baseline temperature

1901-1930
r— and the frequency of high heat events will increase.

P

1911-1940 1921-1950

H v o

A,
BLK 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.

Difference from average ('F)
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U ANNUAL PRECIPITATION COMPARED T0 20°-CENTURY AVERAGE * As tamperatures pcrease atthe surfacs,sharkburst ey

rainfall events will increase.

1901-1930 1911-1940 1921-1950 o The air is on average warmer and moister than it was
f"ﬁ""‘{*‘-— e ; prior to about 1970 and in turn has likely led to a 5-
By ‘5'—1]»’?% S [ : 4 10% effect on precipitation and storms that is amplified
3 ; %\— v W s WA YL B, v A ARE R T S e S SR P in extreme downpour events.
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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
Difference from average (%) omcimetecol - warmer than in rural areas. This is known as the Urban Heat

c o EEEENERE Island Effect and can contribute to localized downpours.
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National Changes in Temperature and and Summer Temparature and Precipitatior
Precipitation Throughout the Seasons
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Observed Changes in the Frequency and Severity of Heavy Precipitation Events
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Radiative Heat Threats: Cities + Canals

In the 1980s, concurrent heat waves only occurred for 20-30 days each summer. Global warming has driven a sixfold increase in the frequency of simultaneous heat waves over
the last 40 years. The study also found that concurrent heat waves covered about 46% more space and reached maximum intensities that were 17% higher than 40 years ago.

Heat transfer from a body with a high temperature to a body with a lower temperature, when bodies are not in direct physical contact with each other or when they are separated in
space, is called heat radiation. Thermal radiation is one of three mechanisms which enables bodies with varying temperatures to exchange energy.

Sunshine, or solar radiation, is thermal radiation from the extremely hot gasses of the sun, and this radiation heats the earth.

The entire body acts as an emission source of continuous thermal radiation, and as a continuous receiver of radiation originating even from far-field bodies.

Concrete is a great material for absorbing and storing heat from the sun, meaning it can warm to higher temperatures then most other materials and releases that heat more
slowly as direct heating stops. On a hot summer day, concrete that’s in the shade can easily average 70°F, however, concrete that’s in direct sunlight can reach 135°F.
Builders test this with a device called an infrared thermometer. Due to the higher temperature, these mixtures are at risk of expansion-triggered water incursion.

Grass rarely exceeds 80°F, wood peaks around 90°F, composite decking about 100°F, but concrete can reach a hotter temperature and hold onto that heat longer.

Heat islands form because of reduced natural landscapes in urban areas and increases in heat-retentive materials. Trees, vegetation, and water bodies tend to cool the air by
providing shade, transpiring water from plant leaves, and evaporating surface water, respectively.

When asphalt heats it becomes more malleable, making it soft and able to compress under weight and
become disformed. High heat also rapidly ages the material, making infrastructure on or near it weaker.

At the current rate of heating, the expansion buffer will not stop the material from buckling more often.
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Ga. Soil under mulch A 96" < 110*
. Gravel (stones) W 82° large A122°lg. o 140°
W 90° small A129°sm. & 149°
. Artificial Turf B 50.5°- 93¢ & 143.5° o 165°
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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.


-Subsidence Impacts to Infrastructure

The slow sinking of infrastructure, also known in some regions as “settling”, can be

triggered by wells overpulling groundwater, unstable soils from extreme heat drying,
aquifers overfilling from a storm after condensing during drought, limestone or coal

mine degradation, sewer system leaks and subsequent soil compaction, or general

gravity over time compressing rock, sand, soil, and groundwater.

As extreme weather continues to intensify, potholes have increased across numerous
states as have retaining wall slips as have foundation and sidewalk heaving,
impacting vehicles and homes at a greater rate.

« Extreme heat can make some materials more malleable, increasing the frequency
of failure and subsequent collapse which can cause sloping issues for homes.

Aquifer over-pumping or heightened us of water systems during heatwaves could
cause unexpected sinking and fissures threatening structural integrity.

« Areas may become the new lowest-lying location and become prone to increased
rates of runoff flooding despite not historically being in floodplains.

Extreme heat in the cities from subways and sewers can emanate upwards,
overheating materials from underneath and warping them.

Subsidence across regions can result in pipeline damages as soil displacement shifts |
the horizontal and vertical stability of the system.

Extreme Heat and Powerlines [t

The average annual number of weather-related power outages increased by roughly E
78% during 2011-2021, compared to 2000-2010.

« Heatwaves and drying winds between storms can amplify Red Flag conditions Rl
resulting in more public safety power shutoffs and subsequently amplified heat
risk for city buildings, supporting infrastructure, and result in overwhelmed
hospitals as residents seek locations known to maintain cooling facilities.
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https://www.google.com/imgres?q=subsidence%20damages&imgurl=https%3A%2F%2Fazgs.arizona.edu%2Fsites%2Fdefault%2Ffiles%2Fstyles%2Fazgs_marquee%2Fpublic%2Fhazard-fissures-blacktop-16x8-v4.jpg%3Fitok%3DYr6RhiUw&imgrefurl=https%3A%2F%2Fazgs.arizona.edu%2Fcenter-natural-hazards%2Fearth-fissures-subsidence-karst-arizona&docid=c8_pDKjdQMRz2M&tbnid=w2uruY-GlnVwIM&vet=12ahUKEwjAnoTf_4GFAxWaNlkFHYQQBd0QM3oECGEQAA..i&w=1200&h=600&hcb=2&ved=2ahUKEwjAnoTf_4GFAxWaNlkFHYQQBd0QM3oECGEQAA



@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.

As temperatures rise, the performance of the aircraft and their engines can deteriorate
which can be amplified in major metropolitan areas due to the surrounding ambient
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.

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. 


Severe Weather on the Rise

Change in lightning strikes in 2022 vs. 2015-2021

Half ax many M i:Hr e More than Zx

Hail events throughout the US are forecasted to intensify regarding size of the hailstones as warmer climates enable stronger

updrafts for supercell storms responsible for large hail.

In Texas, Colorado, and Alabama the records for largest hailstone have been broken in the last three years, reaching sizes of
up to 6.2 inches in diameter. 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.
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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.
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https://www.spc.noaa.gov/wcm/
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

Observational studies have indicated a reduction in the number of tornado days in the U.S.A., but increases in outbreaks with 30 or more tornadoes in one day, the density of tornado clusters, and overall tornado power.
https://www.ipcc.ch/assessment-report/ar6/

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

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 cceans 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 0
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

Percent of U.S. Land Area* Where Extreme One-Day Rains or Snows Have Supplied Much intensity of +10% or more
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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 mare
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/

D OBSERVED CHANGE IN FREQUENCY OF TROPICAL CYCLONES Storm surge
1980-2018

Cyclone winds can be deadly, but surging water levels can also threaten life

Inc g g rate of tropical cyclones each year
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Storm surge

An assessment by hurricane experts correlates an increase in intensity and the proportion of o
the most intense storms, as well as increase in the occurrence of storms resulting in extreme .
rainfall rates over 3-hour timeframes which increased by 10% while 3-day total rainfall 40's tian Ocean e

Can cause extreme flooding when
strom surge coincides with the normal
high tide
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Only 8% of tropical storm deaths are directly related to wind, while 76% of the mortality is related to storm surge and flooding from heavy rain
Over the period of 1900 to 2020, Texas endured more than 85 tropical storms and hurricanes (about 3 storms every 4 years); approximately half of them (46) were hurricanes (Figure 4d). Since 2000, Texas has experienced 19 named storms, including 8 destructive hurricanes, with Hurricane Harvey (Category 4), Hurricane Rita (Category 3), and Hurricane Ike (Category 2) causing the most significant damage. While Hurricane Rita caused the largest U.S. evacuation in history, Hurricane Harvey is the costliest hurricane in Texas history, with an estimated $136 billion in damages. Storm surges between 11 and 13 feet along the Texas coast typically have return periods of 25 years (Figure 7). Over the past 30 years (1991–2020), Texas has averaged 149 tornadoes and 4 tornado fatalities per year. Events can occur all year, though activity typically peaks between April and June. https://statesummaries.ncics.org/chapter/tx/
https://www.noaa.gov/explainers/hurricane-forecasting 
https://time.com/6218275/strongest-hurricanes-us-map/

According to the 2021 Sixth Assessment Report from the Intergovernmental Panel on Climate Change, the global frequency of tropical cyclones will likely hold steady or decrease as global warming continues. Among those tropical cyclones, though, the proportion that reach Category 4 or 5 will very likely increase.
More intense and frequent extreme rainfall and associated flooding in many regions including coastal and other low-lying cities, and increased proportion of and peak wind speeds of intense tropical cyclones (IPCC 2023).
New Tropical Study by Iowa State University: A warming climate will increase the number of tropical cyclones and their intensity in the North Atlantic, potentially creating more and stronger hurricanes, according to simulations using a high-resolution, global climate model.
The research team ran simulations using the Department of Energy's Energy Exascale Earth System Model and found that tropical cyclone frequency could increase 66% during North Atlantic hurricane seasons by the end of the century. 
The numbers of tropical cyclones could increase by 34% during inactive North Atlantic hurricane seasons.
In addition, the simulations project an increase in storm intensity during the active and inactive storm seasons.
Tropical cyclones were stronger, peak formation of the storms shifted from September to August, and the formation region shifted from the coast of North Africa to the Gulf of Mexico.
In the U.S., hurricanes caused more than $400 billion in direct economic losses over the historical period 1980-2014, with losses peaking at more than $150 billion in 2005, the year when hurricane Katrina made landfall.
The study also finds that already in the present climate, national insurance solutions may be insufficient to effectively mitigate the economic losses caused by extreme weather events in strongly affected developing countries.
For Haiti, as a small island developing state strongly affected by hurricanes, the study shows that even if climate risk insurance were as well developed as in the US, growth losses would still be six times higher.
Tropical Record: Hurricane Ian is the third-most destructive storm on record, behind Hurricane Katrina in 2005 and Hurricane Harvey in 2017. Hurricane Maria is ranked 4th and Hurricane Sandy is ranked 5th. 
The cost of those disasters, adjusted for inflation, stand at roughly $186 billion and $149 billion, respectively. Ian is likely to eclipse the $114 billion mark and numbers continue to be refined.




nergy Sector Loss - Weather

Between 2000 and 2021, about 83% of reported major outages in the U.S. were attributed to weather-
related events. Severe hailstorms can damage other renewables like wind turbines and solar power.

The average annual number of weather-related power outages increased by roughly 78% during
2011-2021, compared to 2000-2010.

The decade from 2011-2021 experienced 64% more major power outages than that from 2000-2010.
o From 2000-2021, there were 1,542 weather-related power outages nationally.

Most outages were caused by severe weather (58%), winter weather (22%), and tropical cyclones
(15%). These events are all likely to increase in damages caused and duration of outages to rise.

Wind turbines/solar panels exposed to freeze events or extreme icing may see significant output loss.

Drought: In 2021-2022 the Upper Missouri River saw numerous hydroelectric plants shutdown earlier
than normal due to low water levels. The Colorado River saw a 33% drop in hydroelectric output.

Average annual total of electric power interruptions (2013-2022)

number of hours per customer
9

= P L = R =] 20

L=

2013 2014 2015 2016 2017 2018 2019 2020 2021

2022

=)

with major
events

Number of Events

United States Billion-Dollar Disaster Events 1980-2023 (CPI-Adjusted)
M Drought Count B Flooding Count MW Freeze Count W Severe Storm Count Tropical Cyclone Count

®  Wildfire Count B Winter Storm Count — Combined Disaster Cost Costs 95% CI — 5-Year Avg Costs
257 5600

MAJOR u. S POWER OUTAGES

- Weather-Relate ather-Related

21 -$500

18-
$400

15

12 $300

suol||Ig u1350)

$200

/"

[o2]

$100

. RS E ol VA& 1) \Y;
: R Rl ) L \\U,” ||
o ,ffmf\h.ﬂ“ &l | T"vi’i Afr=jEnl | '\‘L 50

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2023

Updated: November 8, 2023 Powered by ZingChart

Number of Power Outages Lasting More Than Eight Hours, by County (2018-2021)

35 L o

(-

¥

30

u."'

]
.-“t.f""‘i- -*
Al

10

No available data



Presenter Notes
Presentation Notes
https://www.forbes.com/sites/jamesconca/2018/09/13/hurricane-florence-no-problem-for-nuclear-power-plants/?sh=e608cda7a71b
https://www.nature.com/articles/s41598-020-72207-z
Between 2013 and 2021, the average duration of a power outage in the U.S. grew from approximately 3.5 hours to more than seven hours, according to EIA data. The frequency of outages increased from 1.2 to 1.42 events per customer per year. https://www.scientificamerican.com/article/increasing-power-outages-dont-hit-everyone-equally1/
https://www.eia.gov/todayinenergy/detail.php?id=61303
https://www.ncei.noaa.gov/access/billions/time-series/US
https://www.power-grid.com/td/eia-us-electricity-customer-outage-minutes-trending-up/#gref
https://www.climatecentral.org/climate-matters/surging-weather-related-power-outages
https://www.brookings.edu/blog/planetpolicy/2020/12/21/new-research-exposes-the-harsh-realities-of-hurricanes-in-a-warmer-world/


[he Role of Heat in Storm Growth

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.

» 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 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
in 2011. Many datacenters take this into consideration and implement lightning protection systems.

» Flashes that touch down amid minimal or no rainfall, known as dry lightning, are especially effective
fire starters.

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

» Climate change may boost updraft within thunderstorms, causing hot lightning flashes to increase in
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%).

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

« Damage from severe thunderstorms has been inching up by about 7% annually for 30 years.

» Worldwide, thunderstorm losses were almost 90% higher than the previous five-year average of
$32 billion, and more than double the previous 10-year average of $27 billion.

Derechos, Heat Bursts, Outflow Boundaries, Microbursts, and Macrobursts could all increase.

Severe thunderstorms and climate change

Models compare the summer climate from 1962—1989 to future climate projections for
CAPE indices in 2072-2099.

The increase in CAPE will
be the strongest in the
Southeast and the decrease
in wind shear strongest in

Severs Thundersiorm Environmant Days
the Mountain West. S
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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


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
delays, record storing lapse, or loss of site access

Extreme heat can reduce the physical efficiency and
mental capability of security staff (lethargy)

Severe weather can halt drone monitoring operations
and obscure video monitoring

Flooding can result in sensor delays or destruction

Evacuations being televised may result in exploitation
of decreased security presence

Damages to physical barriers like fences and gated
vehicle entry points

Extreme heat and frequent staff rotations may cause
gaps in external physical security

Increased rates of depression during low pressures
and aggression during heat waves may lead to
workplace violence events

High heat periods may cause loss of sleep further
reducing the capabilities of staff

Extreme heat may cause burns or melt certain
materials or cause foundations to crack/dimple

Supply chain or resource hub damages from heat or
storms may cause replacement part delays and
heightened demand

L

Hail can damage or destroy backup generators

Resource restrictions may result in targeted violence or
theft of site resources (e.g. water)

Theft of backup generators during recovery from
storms

Extreme heat can impede helicopter operations

Amplified events may reduce emergency response
availability (e.g. fire/EMS)

Battery backups for security systems and control
panels may deplete during prolonged outages
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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 



@ According to UNHCR, the UN’s refugee agency, an annual average of 21.5 million
. people have been forcibly displaced by weather-related events — such as floods, storms,
O I I l I I l l I I l I I I l a‘ : S wildfires and extreme temperatures — since 2008. These numbers are expected to surge
in coming decades with forecasts from international thinktank The IEP predicting that 1.2
billion people could be displaced globally by 2050 due to climate change and natural

Recent studies have suggested that people who experience the impacts of disasters. T U P Ty

. . . . Annual Weather-Related Displacements in am R DYAEIAL Laciarations My oty K
hurrlc.anes., catastrophic flooding or other. severe weather eve.nts are more likely Millions (2012-2021 Average)

to believe in, and be concerned about, climate change post-disaster event. — F .

+ People who perceived that damage had occurred at such a broad scale were A Y 1Y
more likely to believe that climate change is a problem, is causing harm, and c b LR » ‘?,"‘
were more likely to perceive a greater risk of future flooding in their community. - : *s l;_?‘"? aenilt '
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o In contrast, individual losses such as damage to one's own house o in
appeared to have a negligible long-term impact on climate change ' e ag |
beliefs and perceptions of future risks. ‘ : b

A 2018 FEMA study on why residents won’t evacuate in the face of disaster

showed the leading barriers were insufficient money (17% of residents) or poor asraon | soumem iszeutin | wencrs || T || waonme 0 ® 17 ® 815 ® 16+

physical health (18%). ‘Men are also more likely to ignore orders than women’. Source: IDMC (2022). DO ..o oo

Research supported by NIEHS and others have Top Excuses for Lack of WHY AMERICANS DON'T EVACUATE

ShO.WI’\ that preparation, adaptatlon’ and mltlgatlon Disaster Preparedness One in five Americans report they or their families have had to flee

actions can reduce poor health outcomes and o , their homes due to disaster. Evacuations save lives, but
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https://www.migrationdataportal.org/themes/environmental_migration_and_statistics
https://www.sciencedaily.com/releases/2019/05/190531135815.htm 
https://www.niehs.nih.gov/research/programs/climatechange/health_impacts/weather_related_morbidity/index.cfm 
https://www.c2es.org/content/extreme-weather-and-climate-change/ 
http://www.readyoc.net/prepare/american-fears.html 
https://www.uakron.edu/im/news/why-some-people-won-t-evacuate-fema-research

https://www.zurich.com/en/media/magazine/2022/there-could-be-1-2-billion-climate-refugees-by-2050-here-s-what-you-need-to-know

https://www.unhcr.org/uk/news/latest/2016/11/581f52dc4/frequently-asked-questions-climate-change-disaster-displacement.html
https://www.unhcr.org/uk/news/latest/2016/11/581f52dc4/frequently-asked-questions-climate-change-disaster-displacement.html
https://www.economicsandpeace.org/wp-content/uploads/2020/09/Ecological-Threat-Register-Press-Release-27.08-FINAL.pdf
https://www.economicsandpeace.org/wp-content/uploads/2020/09/Ecological-Threat-Register-Press-Release-27.08-FINAL.pdf
https://climatechange.chicago.gov/climate-impacts/climate-impacts-society

') Federally mentioned

Options for Consideration

Mitigating extreme heat
begins at the surface by
reducing material heat
absorption, reflecting
solar radiation, and by
insulating properties to
reduce cooling needs and
thereby reducing energy
needs.

Many of these resiliency
options can provide multi-
threat benefits to other
extreme weather threats
such as insulating the
home helps reduce
energy needs in winter,
green roofs can prevent
snow melt and freezing
rain damages to roofs,
cooling vegetation can
reduce wildfire threats
when maintained, and
improving the albedo
rating of roofs, roads, and
sidewalks can reduce the
local heat field yielding a
localized benefit to
temperature gradient
winds and severe storms.
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Air Conditioning Systems
HVAC systems in residential
and commercial buildings
can lower body temperatures
and keep sensitive electric
equipment cool. Using smart
HVAC can reduce energy use
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Heat Pumps
Heat pumps offer energy-

efficient alternatives in all
climates for to furnaces and
air conditioners. These can
be hybrid, geothermal, or air-

source.
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Sustainable Pavements

Sustainable pavement
achieves engineering goals
while meeting basic human
needs, using resources
effectively, and preserving
and restoring surrounding
ecosystems.

Cool Pavements

Reflective coatings along with
covered areas and vegetation
can reduce heat absorbed
during the day. Raising the
albedo of all paved surfaces
can reduce city temperatures
by reflecting solar radiation.

5%

METAL ROOF

A metal roof will
iummer day, a black reflect the majority
oof that reflects of the sun's energy,
i percent of the and can warm to
am's energy can 160°F,

A white roof will
reflect the majorit;
of the sun's energy
and reach 3 peak
temperature of
wach 180°F, 120°F

s hot, sunny,

White Roofs

A white roof is 8.5% cooler
than a non-white roof,
reducing site temperatures
by ~7°F. Solar reflective paint
on low-rise buildings can
save ~300 kWh in peak
summer hours.

x35°C

Cooling Vegetation

Trees and vegetation provide
cooling through shade and
evaporation of rainfall. Urban
forests have temperatures
that are on average 2.9°F
lower than unforested urban
areas. Canopies can cool sites

by ~30°F

DOE

DOT

EPA

DOE

EPA

Arboretum Green Roof Layers

Green Roof

A green roof is a vegetative
layer grown on a rooftop.
Green roofs can be 30-40°F
lower than a conventional
roof and can reduce city-wide

ambient temperatures by 5°F.

Train tracks can be near 70°F
(20°C) hotter than the air
temperature. A rail painted
white is 5°C to 10°C coocler
than a non-painted segment.
(Used in Austria, Switzerland,
UK, Germany, and Spain)

Reflective Insulation

Radiant barriers like aluminum
foil insulation can block the
flow of radiation. Wrapping
cast iron metals susceptible to
cracking, such as bridge

supports, can prevent heating.

Heat contro

Window Heat Blockers

Sun control window films can
reflect up to 80% of heat-
producing infrared rays and
blocks ultraviolet light. Energy
efficient windows can reduce
solar heat gain. This also

applies to vehicles.
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Backup Energy Generation

Generators, renewables, or
backup batteries can prevent
unplanned outages. The
Resilient Power Best Practices
Guide for energy resiliency
methods scalable to various
infrastructure types and sizes.

Cover Crops and Canal Covers

Cover crops can improve soil
health and stability, prevent
overheating, and enhance
water availability between
cash crop rotation. Covering
canals from direct heating can
prevent lining damage, water
loss or contamination.

EPA

IRJ

DOE

DOE

CISA

USDA



Presenter Notes
Presentation Notes
Supplemental watering of trees near residences may be needed if several weeks pass without significant rainfall. Adding a 2- to 4-inch thick layer of mulch around mature trees also reduces soil moisture loss and helps prevent damage from low winter temperatures.
Use State Climate Summaries – NCICS to identify each state’s temperature profile risk
https://crt-climate-explorer.nemac.org


“Thunderstorms and Mitigation

Damage from tornadoes and straight-line wind events such as outflow boundaries, derechos, or wind
funneling between infrastructure can result in damage to roofs, siding, fences, high-profile vehicles, bring
down trees, create projectiles, blow out windows, destroy windshields, destroy energy infrastructure,
cause propane explosions, trigger energy surges, flip vehicles, collapse sheds, damage both internal and
external furniture and of course result in complete destruction of personal property.

* Hail intensities have also increased in downward force as they fall due to thunderstorm updrafts
building faster enabling hail to more rapidly form and reducing the amount of air trapped inside
thereby making hail stones heavier.

o Grapefruit sized hail (+5.25 inches in diameter) falling at +150 mph has been reported in seven
states in the past three years and is expanding in frequency.

= The warmer the air ahead of a storm, the greater intensity for moisture and instability to
result in stronger systems.

Certain building shapes, like geodesic domes, can withstand tornadic winds near EF5 (+260 mph).

« Improving the tensile strength of roofing applications for non-dome roofs will assist in hail protection,
but spray on membranes or steel can degrade over time and add significant costs to repairs on the
backend of future hailstorms and severe weather.

o Other options include adding dome or bowed material to roofs for dispersing force, 3D printed
honeycomb technology to improve tensile strength, adding external bowed walls to existing
home frames to improve wind and water force resilience, lightning protection systems to
prevent power surges, trimming trees are all homeowner options for consideration to mitigate
storm damages, and burying powerlines within communities.

While trimming trees can help reduce fallen limbs, trees need to be evaluated for other damages from
heat/drought/insect or wildlife impacts from other climate enhanced trends which could result in
heightened rates of downed trees.

» An example of this threat occurred in Austin, Texas during a single storm in 2023 when the past
drought and freeze events contributed to a mass tree fall event resulting in a sudden widespread loss
of power and notable roadway transportation delays.

» Ensuring after leading trees fall, that the remaining trees in a community/backyard have protection from
sudden heightened exposure to stronger winds, drought, wildfire, and now may fail at a faster rate.

Wind & Storm Resistance
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Mississippi had the most tornadoes in the past five years
Average annual tornadoes from 2018 to 2022
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Presenter Notes
Presentation Notes
Asphalt shingles, used on three-fourths of homes in North America, are considered impact resistant if they are rated a three or four by independent laboratory tests (on a scale of one to four)
The home safety institute conducts further testing and publishes rankings (from “poor” to “excellent”) of commonly available products. Metal or tile roofs can also offer hail protection.
Impact-resistant asphalt shingles may cost more than conventional asphalt shingles — as much as 10 percent higher.
Hail for cars: Special inflatable covers that resemble puffer coats for cars may be a good option
https://www.weather.gov/lmk/tornadoesfaq
https://www.researchgate.net/figure/Impact-resistance-and-impact-strength-value-for-honeycomb-pattern_tbl2_331725336
https://pubs.acs.org/doi/10.1021/acsomega.3c10138
https://www.wunderground.com/article/storms/severe/news/2020-05-23-enormous-hail-northern-Texas
https://www.foxweather.com/extreme-weather/grapefruit-hail-batters-alberta-car-shatters-windows
https://www.nssl.noaa.gov/education/svrwx101/tornadoes/faq/


Mitigating Local Wildfire Threats

Some cities internationally have invested in a community-wide sprinkler system to keep vegetation moist while others have increased drip-irrigation
systems for larger plants both of which require an increased use of surface or groundwater and may over burden that limited regional resource.
Response operations after a fire has impacted a community can prevent the secondary threats from developing.

« Clear decayed organic material around the property and check community ecology health.

* Remove combustible vegetation (like eucalyptus) and encourage the growth of cover crops where possible to keep soils moist.

« Create a flow-reduction barrier system for slopes near sites to reduce debris flows and flash flooding concerns post-fire.

» Identify areas where soils face hydrophobic layering and encourage plants with deeper roots or use of worms to churn soil naturally between fires.

« Use drones to identify areas with premature yellowing in the fall or delayed blooming in the spring can identify trees likely to decay internally before
wildfires. Drones can also be used for vegetation planting during wildfire recovery.

« Ultilize arborists to evaluate the health of community tree lines and drone mapping to identify hotspots or powerline heat surge trends.
* Improve debris flow/runoff flows with low-lying barrier systems

Housing plans to improve resiliency for non-evacuation residents by U.S. Wildfires

. Feb i i
reducing energy needs or health and safety threats: Improve home e | e B fres 7 A
insulation, shading, and material reflectivity ratings to reduce site

heating and need less energy or to prevent loss or damages during
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power outages while using home or community greywater recycling ]

systems for interlinked drip irrigation and water systems. R
Updating homes to new fire codes by reducing or removing 061 /\ A /\ /\ V
grandfathering policy such as requiring sprinkler systems and external '
sensors in local foliage for heat and smoke which alerts local firefighters

will improve response efforts and reduce loss. \/ \/ \/_/ ™|
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https://www.google.com/imgres?q=subsidence%20damages&imgurl=https%3A%2F%2Fazgs.arizona.edu%2Fsites%2Fdefault%2Ffiles%2Fstyles%2Fazgs_marquee%2Fpublic%2Fhazard-fissures-blacktop-16x8-v4.jpg%3Fitok%3DYr6RhiUw&imgrefurl=https%3A%2F%2Fazgs.arizona.edu%2Fcenter-natural-hazards%2Fearth-fissures-subsidence-karst-arizona&docid=c8_pDKjdQMRz2M&tbnid=w2uruY-GlnVwIM&vet=12ahUKEwjAnoTf_4GFAxWaNlkFHYQQBd0QM3oECGEQAA..i&w=1200&h=600&hcb=2&ved=2ahUKEwjAnoTf_4GFAxWaNlkFHYQQBd0QM3oECGEQAA



Mitigating Surface Floodlng Threats

T X . .

Since 1965, large floods have become more frequent across the Northeast, Pacific 1
Northwest, and Northern Great Plains (EPA). '
« Just one inch of floodwater can cause up to $25,000 in damage (FEMA).

* 12 inches of flowing water can carry away most vehicles, presenting a secondary
threat to infrastructure in debris.

» Vehicles parked on larger flat surfaces like car dealerships or parking garages
could see heightened flood risks due to a lack of drainage during flash floods.

The University of Bristol study forecasts average annual flood losses would increase by
26.4% from $32 billion currently to $40.6 billion in less than 30 years.

* The national floodplains are expected to grow by approximately 45% by 2100.

Flood resiliency in homes can come in multiple forms, from elevating power outlets to
reducing leaks through improved sealant to raising HVAC and backup generators.

» Homes can install deployable flood gates/fences and inflatable barriers to prevent
inflow from nearby threatened drainage paths at sites and communities if kept with
emergency equipment.

* New property developments in New Jersey have required outlets be installed at
least 3 feet above the ground in first floors.

» Storing boxes and electronics in the basement should be shifted to attics.

« Waterproof compounds can be applied to walls in lower elevations to prevent water
incursion and damages.

«  Sump pumps in flood prone locations may need additional sump pumps or drainage
paths installed which could yield greater runoff rates downstream.

» Clearing gutters and drains around homes can prevent overflows and reducing
water using in the home can reduce water backflows from over inundates sewers.



https://www.epa.gov/climate-indicators/climate-change-indicators-river-flooding
https://www.fema.gov/flood-insurance
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Sea Level Rise Planning

Individuals selling their homes to relocate inland for safety may sell at a loss due to
damage/risk while those seeking beachfront properties may willingly move to the
higher risk area due to drop in pricing, unaware of the potential loss.

Warehouses along the coast, used to store materials ahead of loading container at docks face risks of coastal flooding damaging or destroying items.
Additional losses to the supply chain capabilities from drought reducing the availability of timber and subsequently driving prices up.

« Timber farmers are expected to lose $96 million after droughts killed more than 12 million pine trees in Mississippi.”

« There were record tree die offs reported in Oregon last year as well as California which reported over 129 million trees died in the severe droughts
over the past decade. Lumber prices have more than tripled from 2019 to 2021

* Hurricanes can also result in saltwater inundation for vegetation resulting in die offs along the entire eastern coastline, with storm surge amplified by
sea level rise along with decreased drainage from river systems amplifying riverine floods.

Impacts to homes can range from sinking, flooding, dislodging from their
foundations, or septic backflow problems.

« Coastal homes are highly sought after despite the rising threats of floods
and erosion resulting in property loss or significant repair costs.

Mitigation: According to Climate Central, NOAA, FEMA, and USGS, by
2030, storm-driven floods reaching 4 feet above the high-tide line will occur
twice as often as today. Planning for the loss of homes along the all of our
coastlines will include organized retreat and implementing tidal flow options.

» Improve coastal barrier systems such as floating flood gates, taller flood
walls, more drainage canals, and increase flow breaks like artificial reefs.

+ Breakwaters and jetties can be constructed along beach access points as
an additional wave barrier system.

» Seawalls bring temporary wave relief but end up causing leading-edge
erosion on the ocean-facing side of the wall, triggering wall damages.

« Seagrass and other natural vegetation can provide filtration of certain
particulates and hold sands and soils in place during storms and waves.

+ Homes may need to retreat further inland to allow natural vegetation to
reclaim coastlines and prevent cliff or beach collapse into the ocean.

Projected Sea Level Rise
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Intermediate Scenario in 2100
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» Black circles represent the locations of tide gauges



Presenter Notes
Presentation Notes
Require environmental review for new developments to prevent new areas of risk.
https://nca2023.globalchange.gov/all-figures/#10
https://nca2023.globalchange.gov/chapter/9/#fig-9-2
FEMA offers the NFIP pricing approach which includes sea level rise, earth.org offers city review of SLR, NOAA’s sea level rise viewer includes bouy data, First street foundation also amplifies NOAA flood data, Climate Central’s sea level rise tool ranges from current levels to 10 feet above, and NASA’s sea level rise reviewer spans numerous locations for the US and others.

https://www.wsj.com/articles/new-disruptions-geopolitics-hang-over-2024-supply-chains-6fca8f1e
https://www.theatlantic.com/science/archive/2021/04/climate-origins-massive-lumber-shortage/618727/
https://getfea.com/timber/extreme-drought-in-mississippi-claims-12-5-million-trees-survey-by-mississippi-forest-commission-finds

https://sealevel.climatecentral.org/news/sea-level-rise-threatens-hundreds-of-us-energy-facilities/

Tropical Cyclone Resiliency G s e

While NOAA has stated there is no intent to increase the Saffir Simpson Scale to include
Category 6 winds due to the recent increases in storm intensities, it should be noted that
multiple tropical cyclones last year produced wind gusts over 200 mph with one gust reaching

216 mph on shore in Taiwan before the sensor broke. 9\5"‘B
T . . PAR
+ Homes experiencing winds over 192 mph can sustain damage even if cement, steel, and Rty b
impact resistant glass are used in construction if the shape of the home is not . 24 P o g

aerodynamic or provides a flat side surface which would see various force damages. | i R ? F”
Vehicle Resiliency: elevating parking structures above flood threat levels to include Ernk '3? & =
driveways may be too intensive but deployable flood barriers can work in most locations. 'Hurricane proof dome home h |'ts the

More permgable roac}ways and s!dewa_lks can reduce stgndlpg floodwater presence and market near Charleston
remove vehicle flooding risks during drives. Sealant applications for doors and
undercarriages could reduce water damage to vehicles sitting in flooded parking lots.

« Camera sensors for intentional driving into floodwaters could reduce claim payout needs.

Home Resiliency: Preventing wind damage, flood water force damage, hail and debris falls,
and tornadic activity coupled with lightning strike risk requires a change in structure design.

* The dome home can withstand winds topping 200 mph and coupling with wind generators
and solar or battery backup generation can provide energy resilience with on-site water
recycling reducing community impacts in full outside of road/vehicle flood threat.

+ Some domes built with inset windows and lower profiles can withstand winds of 250 mph.

* Due to the dome shape, hail stones and tree debris disperse force more evenly across
the surface resulting in less damage than a traditional roof.

» The rounded walls at the base of structure encourage water passing to the sides and are
less likely to cave in or crack in comparison to standard rectangular home wall designs.

* Rebuilding old homes is not necessary, a dome exoskeleton can encapsulate typical
homes and be installed as an attachment to the current structure to improve resilience.

Courtesy Michael Royal / Pareto Group
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https://www.floodfree.com.au/flood-barriers/tilting/


“irginia Changes in Climate

An extremely hot day in Virginia is about 93°F. This
is based on historical maximum temperatures on the
top 2% of days in an average year.

The frequency of very hot days is increasing. On
average, someone in Virginia will experience about
43 extremely hot days in 2050.

Historically, Charlottesville experienced an average
of 1.6 inches of rain about 11 times per year. In
2050, it is projected to experience an average of 1.5
inches of rain about 14 times per year.

Historically, Alexandria experienced an average of
1.6 inches of rain about 10 times per year. In 2050,
it is projected to experience an average of 1.5
inches of rain about 13 times per year.

Since the beginning of the 20th century,
temperatures have risen more than 1.5°F in Virginia

Summer average temperatures in the most recent
16 years (2005-2020) exceeded early 1930s.

Extremely Hot Days Per Year
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Presenter Notes
Presentation Notes
Nationally, between 2000 and 2021, about 83% of reported major outages in the US were attributed to weather-related events. The average annual number of weather-related power outages increased by roughly 78% during 2011-2021, compared to 2000-2010. Most outages were caused by severe weather (58%), winter weather (22%), and tropical cyclones (15%). Regardless of location (elevation, vegetation, population), no one area in the US is 100% self-sustaining and thereby should consider the implications of these events in emergency planning with communities and key partners. Virginia has experienced 47 severe storms, 21 tropical cyclones, 18 winter storms, 12 droughts, 4 non-tropical floods, and 3 freeze events at the billion dollar disaster price tag with the frequency of events tripling from the early 2000s to the 2010-2019 period and then doubling from that in just the past five year. In the last three years, Virginia has reported more billion dollar disasters than the past 40 years combined which was then matched in a just one year, 2023. The trends are clear and emergency managers must prepare.
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Virginia Sea Level Rise Risk

Phase Il of the Coastal Resilience

Master Plan is currently in

development and will be released by

December 2024.

» This phase of work will build on the

A 39% risk of at least one

flood over 5 ft taking place
between now and 2050 in

the Virginia area.

Virginia Beach city, a highly [

affected area in Virginia.

Land below 5 ft is colored
yellow through red to
denote populations with

Phase | plan and incorporate all Mg
major flood hazards, including i AN
precipitation-driven flooding; update g §
the project inventory; and update

the impacts of exposure.
are levees.

low through high social

3 vulnerability. Social
vulnerability can compound
coastal risk. Maroon lines

The sea level around Hampton Roads is up to 14 inches higher than it was in 1950.

This increase is mostly due to Virginia’s sinking land, and it's causing major issues. Hampton roads is
second only to New Orleans as the largest population center at risk from sea level rise in the country.

There are already over 45,000 properties at risk from tidal flooding in Virginia.

The state is planning over $4 billion in sea level rise solutions, which include stormwater and sewage
system protection projects.

The sea level around Sewells Point, Virginia, has risen by 14 inches since 1950. Its speed of rise has
accelerated over the last ten years and it’s now rising by one inch every 4 years

In places like Sewells Point, king tides are typically nearly a foot and a half higher than normal. Add that to
the 14 inches of sea level rise since 1950, and you end up with flooding even on sunny days.

« Hampton Roads is experiencing the highest rates of sea level rise along the entire East Coast.

* In the last decade, the speed at which Virginia’'s sea level is rising has increased and is now rising by as
much as 1 inch every 4 years.

» round Hampton Roads, it took around 26 years for the sea level to rise 6 inches.
 Scientists now forecast that in just the next 13 years, the sea level will have risen by another 6 inches.

In a third of 55 coastal sites studied throughout the US, 100-year storm surges will be 10-year or more
frequent events by 2050

& 4
//%;/;\

(2020-2050)

Alexandria Suffolk Newport News Virginia Beach
buildings at risk 2% b 15% 017% 49%
storm surge 45% \ 90% , \85-90% 45%
n ": :::x[‘.'lii;-'_.}l .m:
2-3 feet 2-3 feet 2-3 feet 2-3 feet
possible flood depth
{2020-2050)
high-tide flooding 1in 1in 1in lin 1lin lin lin 1in
s NeTSE WY T u D


Presenter Notes
Presentation Notes
https://climatecheck.com/virginia
https://sealevelrise.org/states/virginia/
https://earth.org/data_visualization/sea-level-rise-by-2100-virginia-beach/
https://www.dcr.virginia.gov/crmp/


a) Elevation and temperature b) Tree canopy cover ¢) Impervious surface cover
measurements
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5 Early Century Mid Century Late Century
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Min - Max Min - Max Min - Max Min - Max Min - Max Min - Max Min - Max

Precipitation:

Annual average total precipitation 23" 4 45" 5" 6" 46" 48"
a1-45 41-48 42-50 42-50 42-50 42-52 12-52
Days per year with precipitation (wet days) 172 days 172 days 172 days 172 days 171 days 172 days 170 days
164-177 155-183 155- 184 152- 187 151-185 153-189 145-195
Maximum period of consecutive wet days 11 days 11 days 11 days 11 days 11 days 12 days 12 days
10-12 10-13 10-13 9-14 10-14 10-14 9-15
Annual days with:
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Annual days that exceed 99th percentile & days 7 days 2 days 8 days & days 8 days 10 days DC I nte rated F I Ood M Od e I I F M
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N/A = Data Not Available for the selected area

Community Impact from F|°°ding in Washington Right now, the district does not know where there is interior flood risk. The

- . e : ) ) o exception is areas that have been flooded recently. That means some residents are
In addition to property damage, flooding can cut off access to utilities, emergency services, transportation, and may impact the . - S
overall economic well-being of an area. Overall, the city of Washington has a major risk from flooding. This is based on the level -l \’ - ¥ vulnerable to flooding and might not know it. This happens because interior
of risk the properties face rather than the proportion of properties with risk. To determine community impact from flooding, the F -E‘ - o i ;. . .
operational risk for today and in 30 years is calculated for all properties in the community based on the property use and flooding i . i P flooding is not mapped. With a completed IFM, the district will protect life safety by
depth. This includes special calculations for hospitals, power stations, police stations, fire stations, airport, roads, and other critical M‘m . "'_;. (Mnlm Heights ,’ ;{ N making residents aware of interior flood risk. The IFM will also help the district plan
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https://www.researchgate.net/figure/Washington-DC-study-area-a-elevation-with-car-routes-overlaid-Temperatures-are-from_fig1_353159162
https://riskfactor.com/city/washington-dc/1150000_fsid/flood
https://www.mdpi.com/2073-445X/12/10/1868
https://www.rff.org/publications/issue-briefs/an-overview-of-the-national-flood-insurance-program-in-washington-dc/
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Virginia Climate Statistics

Since the beginning of the 20th century, temperatures have risen more than 1.5°F in
VA. A winter warming trend is reflected in a below average number of very cold
nights since 1990.

« Summer average temperatures in the most recent 16 years (2005-2020)
exceeded those in the early 1930s.

» Total annual precipitation in Virginia shows a small upward trend (Figure 2c),

with multiyear values mostly above average since 1995.

Since 1990, the number of 2-inch extreme precipitation events has been trending

upward, with the 2015-2020 period surpassing the previous high of the late 1990s

* The wettest year on record was 2018 (statewide total of 63.5 inches), and 2020
was the third wettest (61.4 inches).

Future Climate Indicators
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https://cmra-reports.s3.amazonaws.com/county/51013.html
Virginia was affected by 82 of the 290 U.S. billion-dollar disaster events that occurred between 1980 and 2020. The costliest event to ever affect the state was Superstorm Sandy (a post-tropical storm) in 2012, which caused severe coastal flooding from storm surges. The 2012 North American derecho, an intense, long-lasting series of thunderstorms characterized by hurricane-force winds, was also very costly to the state, causing about $3 billion in total damages. This historic summer derecho interrupted power for more than 1 million residents in Virginia, the District of Columbia, and Maryland. Winds of up to 70 mph were recorded at Reagan National Airport, causing portions of Northern Virginia to lose emergency 911 services. Tropical Storm Lee in 2011 also resulted in total damages of about $3 billion, with Washington Dulles International Airport receiving a total of 8.74 inches of rainfall from the storm.


D SNOW EMERGENCY ROUTES MAP

Washington DC Statistics

Historic snowfall totals — Regan Airport and NWS certified

* 24 hours: +21” — January 1922
* 48 hours: +26” — January 1922
* 72 hours: +28” — January 1922

Major impacts from winter weather

 Roadway Impacts: Ice, snow, sleet, snow drifts, surface glaze
« School closures, delayed openings, closed sites, crashes
* Railway Impacts: Snow accumulation over 3 inches, icing

* Snow plans suspend some routes, delays, detours

« Airport Impacts: Ice, snow cover, deicing requirements

« Ground stops, delays, cancellations, rerouting
« Barge Impacts: Snow, sleet, ice threats for multiple states
* Regional delays, Georgetown coastal flooding threat

* Inthe greater DC area, there were no = 8" snowfalls between 1900-08, '09-17,
'42-57, '67-78, and '88-95.
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Presentation Notes
1922’s monthly total for that January was 31.5 inches, 1978 February was closest to the 1922 record at a monthly total of 30.6 inches, 2002-2003 winter, February produced 28.7 inches as the third highest total.
Figure 3: Observed annual number of very warm nights (minimum temperature of 75°F or higher) and extremely hot days (maximum temperature of 100°F or higher) for the District of Columbia from 1950 to 2020. Bars show averages over 5-year periods (last bar is a 6-year average). Since 1950, there has been no trend in extremely hot days. By contrast, the number of very warm nights has been steadily increasing since 1985, with the highest multiyear averages occurring during the 2005–2020 interval. Sources: CISESS and NOAA NCEI. Data: GHCN-Daily from 1 long-term station (National Arboretum). https://statesummaries.ncics.org/chapter/md/
https://snow.dc.gov/page/snow-safety-tips
https://snow.dc.gov/page/snow-emergency
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DC Critical Infrastructure and Energy Portfolio

The loss of continuous, health rains across the region have resulted in increased presence of algal blooms and bacteria, threatening
drinking water, while needs are increasing for the river to supply water for cooling for such as for the Kennedy Center and powerplants.

«  The commercial sector accounts for around three-fifths of total energy consumption in the District of Columbia, a higher share for
that sector than in any state.

« The District's Renewable Portfolio Standard requires that 100% of the electricity sold in the city be from renewable sources by
2032, including at least 5.5% from solar energy.

* In 2022, solar energy generated 59% of the total small-scale and utility-scale electricity within the District, natural gas accounted for
24%, and biomass provided 17% of the city's generation.

« The District has more than three times as many public electric vehicle charging locations, about 310 in total, than it does motor
gasoline stations, and the city's per capita gasoline expenditures are lower than those of any state.

« The District consumed less electricity in 2022 than all but four states, but its per capita total electricity use is the 13th highest
compared to the states. About 98% of the electricity consumed in the city is generated in other states.

« DC imports upwards of 90% of its electricity, while most of what is generated in the District is from rooftop solar resources.

+ The average age of sewer mains has increased from 84 years in 2016 to over 90 years in 2020, moving closer to their expected
service life of 110 to 120 years.

District of Columbia Energy Consumption Estimates, 2022 District of Columbia Energy Consumption by End-Use Sector, 2022
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https://www.eia.gov/state/analysis.php?sid=DC-2


{The Infrastructure Report Card for DC provides the following information: Metropolitan Washington Council of Governments

(MWCOG) forecasts that D.C.’s population will grow from 672,200 in 2015 to 987,200 in 2045.

Currently, 70% of the District’s bridges have at least one major component listed in fair condition. 2021 Washington, D.C.’s

Infrastructure Report Card

DRINKING
* In an average year, there are typically 400 to 550 water main breaks in D.C. primarily due to age and deteriorating
The National Levee Database shows that the District of Columbia has two levee systems: The District of Columbia Levee

*  Overall, about 30% of D.C.’s bridges were either built or rehabilitated before 1980. With an average life span of bridge
structures at 50 years, these bridges will likely need a major rehabilitation or replacement in the next 10 years, unless
there is a robust preventive maintenance program implemented.

« more than 100 D.C. bridges have substandard conditions of their deck geometry, vertical and horizontal clearances, water
flow adequacy or approach roadway alignment. Without updates, these structures can lead to unsafe situations for the
travelling public, add to mounting congestion problems in the District.

« With an average age of 62 years, D.C. bridges are significantly older than the national average of 44 years.

D.C.’s drinking water comes from the Potomac River, is conveyed by the U.S. Army Corps of Engineers (USACE)-owned
Washington Aqueduct and is purchased and delivered to users by the D.C. Water and Sewer Authority (D.C. Water).

« The District’s drinking water infrastructure also includes four pumping stations, five reservoirs, three elevated water
storage tanks, and 9,300 fire hydrants. Current projections show capacity is sufficient to meet demands through 2030.

+ The median age of the drinking water pipes is 77 years and leaks at over twice the rate of the industry’s average.

System (DCLS) and the District of Columbia Anacostia Levee (DCAN), totaling 3.41 miles in length. The District FIRM, e Sl Find Kt e M WSO 00

h Fi 1

« D.C. is susceptible to three types of flooding: riverine flooding from the Potomac and Anacostia Rivers, interior flooding, and fr.g"ﬁ)" waslil;rc?ated in
coastal storm surge. In addition, the watershed that contributes to Anacostia River flooding originates in Bladensburg, MD, is | 2219 2nd shows e

highly urbanized, and quickly generates large volumes of stormwater during rain events. of the 500-year

floodplain.

» The current system does not provide adequate capacity to reduce the risk of flooding to D.C. FEMA FIRMS tend not

to depict flood

+ Within the District of Columba, rail includes 75 track miles, four rail yards, and two passenger stations. Between 223 and hazards from intense

233 trains pass through, depart, or arrive in D.C. on a typical weekday. rainfall events, so
they do not show all
» Most of the existing rail infrastructure in D.C. was initially built roughly 120 years ago and in need of upgrades and/ or sources of flood risk.

hardening against prolonged wear and tear — mechanical wear due to length of time in service, train volumes and tonnages - | They also may not

intense weather, including extreme high and low temperatures and flooding. Bt data paiciony

Since Washington, D.C. does not generate any energy within its boundaries from coal, oil, or gas, the District does not have e e oo 100

any transmission pipelines or storage facilities. Washington Gas is the sole distributor of natural gas, utilizing approximately rapidly from climate

1,392 miles of pipeline in the District, Sovomment
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https://infrastructurereportcard.org/state-item/district-of-columbia/
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Projected Change in Annual Precipitation €mcm

Maryland Statistics |-
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Historic snowfall totals for Baltimore: i1
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Trends over the past 5 Years indicate winter storms are
condensing in intensities, meaning storms which used to take
place over 2-3 days are occurring within 48 hours or less for
snowfall accumulations, damaging winds, icing events as
warming trends persist, and even severe weather longer
throughout the year.
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The Chesapeake Bay area is the third most vulnerable area of
the United States to sea level rise (SLR), behind Louisiana
and South Florida.

Number of Days
with Precipitation of 2 Inches or More
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Presentation Notes
Maryland and the District of Columbia (DC) are located on the eastern coast of the North American continent. Their geographic location exposes them to both the cold winter and warm summer air masses from the continental interior and the moderate and moist air masses from the Atlantic Ocean.
 Tide-gauge records show that sea level in the Chesapeake Bay has been increasing at an average rate of 1.3 to 1.5 inches per decade over the past 100 years, 50% more than the global historical average observed over the same time period. For the Chesapeake Bay, global SLR is compounded by substantial rates of land subsidence (sinking; an average rate of 3.1 mm per year was found between 2006 and 2011 due to a combination of groundwater withdrawal and natural geologic effects associated with post-glaciation adjustments). A recent study specific to Maryland states that the likely range (66% probability) of SLR between 2000 and 2050 is 0.8 to 1.6 feet; if emissions continue to increase, the likely range of SLR is 2.0 to 4.2 feet over this century. https://statesummaries.ncics.org/chapter/md/
https://www2.atmos.umd.edu/~climate/ClimateInfo/mdClimate.php


Observed Number of Very Cold Nights
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Maryland

Maryland Weather Data |~

Temperatures in Maryland have risen about 2.5°F since the
beginning of the 20th century, and temperatures in this century
have been warmer than in any other period.
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Annual average precipitation in Maryland varies from about 40

inches in the Appalachian Mountain region to about 50 inches in the
western and eastern areas of the state.

« Total annual precipitation has been above the long-term 0 , :
average for the last 26 years (1995-2020). g g g g ; g g g ; g g g
* The annual number of 2-inch extreme precipitation events S i i

averaged 2.5 days per year during the 2005-2020 interval,
compared to 1.8 days per year during the 1950-2004 interval.
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with Minimum Temperature of 0°F or Lower
o
|

Given recent trends in abnormal warming over winter, there are
larger swings in extreme winter events too. This year’s winter will
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Maryland and the District of Columbia (DC) are located on the eastern coast of the North American continent. Their geographic location exposes them to both the cold winter and warm summer air masses from the continental interior and the moderate and moist air masses from the Atlantic Ocean.
https://riskfactor.com/city/college-park-md/2418750_fsid/flood
https://livingatlas.arcgis.com/assessment-tool/explore/details
https://climatecheck.com/Maryland
https://www.pmel.noaa.gov/elnino/lanina-faq#:~:text=According%20to%20the%20National%20Centers,continued%20into%20the%20following%20spring.


Maryland Energy Profile

In 2022, nuclear energy and natural gas generated 75% of Maryland's total in-state
electricity, with each supplying almost equal amounts of the power supply.

Maryland's only nuclear power plant—the two-reactor Calvert Cliffs power plant
located on the western shore of the Chesapeake Bay—accounted for about 39% of
the state's total net generation.

Natural gas-fired generation has more than tripled since 2015, as nearly 2,600
megawatts of new natural gas-fired generating capacity came online. Natural gas
accounted for about 36% of in-state electricity generation in 2022.

Coal-fired generating plants historically supplied more than half the state's net
generation, but coal's share has been below 50% since 2012 and was at 12% in
2022.

As of mid-2023, there were four generating units at Maryland's three remaining coal-fired
power plants with a combined generating capacity of nearly 1,800 megawatts.

The two largest power plants intend to stop burning coal by 2025 and the smallest
plant will end its coal use in mid-2024.

Solar energy, hydropower, wind, and biomass accounted for most of the state's
remaining net generation in 2022. Since 2015, almost all the state's new generating
capacity has been natural gas-fired or solar-powered.

Maryland uses 40% more electricity than it generates with the extra supply being
delivered to the state over the regional grid.

The industrial sector accounts for 6% of the state’s electricity consumption.

Solar powered-generation more than quadrupled from 2015 to 2022.

Nearly two-thirds of the state's solar generation came from small-scale, customer-
sited solar photovoltaics (PV), such as rooftop solar panels.

Maryland Energy Consumption by End-Use Sector, 2022
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Maryland Energy Consumption Estimates, 2022
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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@cisa.dhs.gov
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