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High and Low Pressures: the Carousel 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.

A Because of Earthoés spin and-th
pressure system swirl counterclockwise north of the equator.

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

A 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.

A Swirling in the opposite direction from a low-pressure system, the
winds of a high-pressure system rotate clockwise north of the
equator (anticyclonic flow).

A 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.

The tighter the gradient between the high and the incoming low, the
stronger the winds will be as they mix down from the upper levels.

ANTICYCLONIC FLOW =

CYCLONIC FLOW

PGF

1%
 Air parcel
(a) Low pressure area (cyclone) aloft

(b) High pressure area (anticyclone) aloft
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Major Pressure Swings Begin

As low pressures continue to change in depth and intensity,
the high-pressure events are left to dominate for longer
periods, increase coverage area, and promote significant
levels of humidity and water vapor adding to trapped heat.

A The low-pressures drive global cooling winds, bring
rainfall and storm events, and are responsible for all
notable cloud coverage.

A High-pressures yield clear skies, heat domes, haze,
stagnant air, and even the cold air damming periods.

This means a change in either pressure consistency or
strength brings immediate consequences for the water cycle.

What is Atmospheric Pressure?

Atmospheric pressure, in physics, refers o the force exerted
§>f" T S by the air molecules in Earth's atmosphere on surfaces
l | [mass=10*Kg)

within it
\ It decreases with altitude due to the decreasing density of air.
Standard atmospheric pressure at sea level is around 101.3
kilopascals.

Variations in atmospheric pressure influence weather
patterns and are measured using instruments like
barometers.

Understanding atmospheric pressure is vital in meteorology,
aviation, and various scientific applications. It plays a
fundamental role in the behavior of gases, weather
phenomena, and the dynamics of Earth’s atmosphere.
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JET STREAM WINDS WILL ACCELERATE WITH

Upper-Level WINdS |warmine cLimare

Faster winds likely to cause bumpier flights, more severe weather

A recent study, in Nature Climate Change, suggests that the
fastest upper-level jet stream winds will accelerate by about 2% | pec 6, 2023 - BY STAFF
for every degree Celsius (1.8AFahrenheit) that the world warms.

A Furthermore, the fastest winds will speed up 2.5 times faster
than the average wind.

The Intergovernmental Panel on Climate Change (IPCC) states
that climate change will affect aggregate global windspeeds with
projected average annual wind speeds dropping by 10% by 2100.

A A 2019 study found that in the preceding nine years the global
average wind speed increased nearly 6%.

Extreme regional wind events such as the Santa Ana, Diablo, and
Chinook, have increased in general over the last 60 years.

A Shifts in winds carrying major seasonal precipitation like
Atmospheric Rivers and Monsoons are forecast to amplify
while variations in frequency and timeliness.

Studies over the past 45 years indicate changes to the
tropopause, the top of the troposphere, and the width of the
tropical belt may be shrinking, changing the overall storm pattern
across the globe.

A The tropopause, has climbed about 50 to 60 meters per
decade in the past 20 years.

A The troposphere is the botto
and contains most of the atn
Wea-ther phenomena, and iS Where the g|0b3-| pOpUIation a-nd New research shows that the fastest jet stream winds will accelerate with climate change. (Image by NASA/Goddard Space Flight Center
wildlife lives. scientific Visualization Studic.)




In July, 1,434 flash flood warning, the
second-highest July total in 40 years, and 17
flash flood emergencies were issued
nationwide, along with over 2,000
preliminary flood-related storm reports.

Average temperatures in August were above
average throughout the West, with Arizona
recording its second-warmest August on
record at 4.6 above average, behind only
August 2020. Washington and Oregon
recorded temperatures over 44 warmer
than long-term monthly average.

Precipitation Percent of Average

August 2025
Average Period: 1901-2000
NOAA's National Centers for Environmental Information

Mean Temperature Departures from Average
August 2025
Average Period: 1901-2000
NOAA's National Centers for Environmental Information

Notable Weather and Climate Events: August 2025

On Sep 2, 34.7% of the CONUS was in drought, up 3.7% since the end of Jul. Drought
persisted in the West but improved in the northern Plains. Drought developed across
parts of the lower Mississippi, Tennessee and Ohio valleys and the Northeast.

Aug 12-13: A glacial dam outburst on the —@

Mendenhall Glacier caused record river
crests and major flooding in Juneau.

Aug 7-8: Severe storms swept across ND with
100 mph wind gusts and brief tornadoes, causing
widespread tree damage and power outages.

VT had its driest Aug on record,
leading to the entire state being
080 covered by drought.

Aug 9-10: Torrential rain triggered
deadly flash flooding and marked
Milwaukee's second-wettest
two-day period on record.

The Gifford Fire hecame CA's largest

wildiire of the year, burning 1?1 D00+ Several counties in the Piedmont
acres and prompting evacuations.

&region of NC and SC recorded

their coolest Aug average
temperatures on record.

Aug 7: Phoenix set a new Aug daily high

temperature record of 118°F; it was AZ's
second-warmest Aug on record.

Four South FL counties—Manatee,
Palm Beach, Broward and

w_ Miami-Dade—recorded their
warmest Aug average daytime
high temperatures.

HI had its driest Aug in at least 35
years, with Honolulu measuring no ——o

rainfall for the month.

q Mid-Aug: Hurricane Erin’s outer
The average U.S. temperature for Aug was 73.4°F, 1.3°F above average, ranking in the warmest third of the 131-year record. bands brought heavy rain and

The U.S. precipitation average for Aug was 2.30 in., 0.32 in. below average, ranking in the driest third of the record. strong winds to PR and the USVI.
6 The average U.S. summer (Jun—Aug) temperature was 73.3°F, 2.0°F above average, ranking in the warmest third of the record.
The U.S. precipitation summer total was 8.69 in., 0.37 in. above average, ranking in the middle third of the record.

Please Note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https://www.ncei.noaa.gov/access/monitoring/monthly-report/



August 2025 was the third-warmest August globally since records began in 1850. The Land & Ocean Temperature Percentiles Aug 2025 e D b i i 2055

Data Source: GHCN-M version 4

NOAA's National Centers for Environmental Information

monthly temperature anomaly was +1.07AC (+1.934F), ranking just below the warmest Data Sourco:NOAAGIobalTemp v6.0.0.20250509
Augusts of 2023 and 2024 (+1.27AC | +2.29/4F). I T
A August 2025 marks the 47th consecutive August with global temperatures at least
nominally above average. The ten warmest Augusts have all occurred since 2015.
The global ocean-only surface temperature for August 2025 was the third-highest on
record for August, with a temperature 0.91AC (1.64/F) higher than the 20th-century
average. Only Augusts of 2023 and 2024 were warmer.
August temperatures were above average across much of the globe's surface, and
parts of every continent. The most significant warm temperature departures were in the

Northern Hemisphere's northern latitudes, as well as central Antarctica. Record-high T m = F e & W b wm i @
August temperatures covered 6.3% of the world's surface. B b T e IR wee W e o e~

Selected Significant Climate Anomalies and Events: May 2025 Notable Weather and Climate Events: August 2025

GLOBAL AVERAGE TEMPERATURE

GLOBAL AVERAGE TEMPERATURE
Average global surface temperature was the third warmest for Aug and Jun-Aug. It was the second-warmest Jan-Aug since global records began in 1850.

Average global surface temperature was the second warmest for May, Mar-May and Jan-May since global records began in 1850.

THE ARCTIC GLOBAL SEA ICE EXTENT GLOBAL LAND ARCTIC REGION
NORTH AMERICA Arctic sea ice extent was below normal and tied Sea ice extent for the globe was the fifth lowest The global land surface had its The Arctic region had its g::o’:g::d its fourth-warmest summer AAr':t‘ii?e(; iscsl;::nsl 5;?;5: vaenth
ot Aarca Nt i Sl i My i as the seventh lowest on record for May on record for May. warmest Mar-May period on record. second-warmest Aug on record. and seventh-warmest Aug on record. lowest on record for Aug.
fourth-warmest Mar-May on record.
EUROPE NORTHERN HEMISPHERE JAPAN
The Mar-May period was the second-warmest Summer 2025 was the Japan's Aug temperature tied as the
ﬁ:R'BBEAN oG on record and May temperatures were above third-warmest on record. UNITED KINGDOM PAKISTAN segond-wa?meste\ug ot it
y temperatures in the Caribbean were average for Europe. ASIA The United Kingdom In mid-Aug, severe floods affected the nation set an all-time temperature '
x{ﬂf&war?;ztt?:d rigtmi twh::ldle lgfmest Asia hikdfts thlidwarmest May and experienced its warmest northern Pakistan, resulting in flash o060 highest maximum temperature.
HAWAIIAN REGION —May pel w PASKISTAN second-warmest Mar-May on record. summer on record. m floods and landslides that caused
It was the seventh-warmest May and HAITI Pakistan had fts fifth-warmest widespread damage.
second-warmest Mar-May on record for Devactatinafioods May on record. NORTH AMERICA —@ FRANCE
the Hawaiian region. triggered bgy heavy rainfall OCEANIA North America experienced its France had its third-warmest
on May 5 in northern Haiti Mar-May was the fourth-warmest Aug and summer on record.
m ‘:Q caused extensive damage second-warmest on record for seventh-warmest summer on record. l'V“Dr?y'-:uEAST S Q D EH';‘OAZS sicriail
to the region. Oceania, and above average n eal g, record-breaking ug was an exceptionally
MEXICO ed ALGERIA for May. temperatures were AASS|,A A ied wet month for Hong Kong, which
By mid-May, drought affected nearly 40% of Mexico, Mid-May floods in northem parts of widespread across the region, /5135 Aug temperature tied as received more than double the
with extreme to exceptional conditions prevalent in Algeria destroyed many farms and crops its third-warmest Aug and had normal Aug rainfall. This was Hong
the northwest and north-central areas. and damaged infrastructure and roads. , AUSTRALIA g::i‘;‘é’g'r;‘:’:c':'rzs‘ Jun-Aug Kong’s third-wettest Aug on record.
GLOBAL TROPICAL CYCLONES /" Australia had below-average GLOBAL TROPICAL CYCLONES '
Globally, May saw below-normal tropical / May precipitation; many Global tropical cyclone activity was near
cyclone activity with only two named storms. / southelrnﬂayrzas pese average with 16 named storms in Aug
particularly dry. X
SOUTH AMERICA AFR'CA ML S o SOUTH AMERICA AFRICA OCEANIA
South Ameria had s third-warmest May and g onc Mot My N s 1 o watmeston el bl e e R ] o | ol
fourth-warmest Mar-May period on record. record for Alrica NEW ZEALAND 0 Jun-Aug period on record.
New Zealand had its
'Ic';hLeoIBo‘b\aLI gg::sﬂrface had its QE;ST:J:;b heavy rain, affected the T |on north of SR o SLOB SO ERN FIEMORERE SLOBAL SEAICE EXTEND
Sew% cF o neet Vey and M= Mavon rene — Tasears ke o Mg 99 The global land surface had its Winter 2025 was the third warmest on record. Sea ice extent for the globe was the third
b h a9 fourth-warmest Aug on record.. smallest for Aug. Aug in 2023 and 2024
saw a smaller extent.
ANTARCTIC SEA ICE EXTENT ~ ANTARCTIC SEA ICE EXTENT
The Antarctic’s May sea ice extent ranked fifth smallest on record.
Y " The Antarctic’s Aug sea ice extent was the third smallest on record.
Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https://www.ncel.noaa.gov/access/monitoring/monthly-report/global

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/




National Temperature Swings Yield Extremes

In 2024, there were 27 confirmed weather/climate disaster events with losses exceeding $1 billion each [ & L s
to affect US following the 2023 record 28 billion-dollar events. The total cost from 2024 was $182.7 billion ol :
via 17 severe storms, 5 Tropical Cyclones, 1 wildfire, 1 drought/heat event, and 2 winter weather events.
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Changing Spring Conditions

The spring season has warmed in 234 (97%) of the 241 U.S. cities

analyzed 8 by 2.4AF on average.

A Unusually warm spring days now happen more often. Four out of every
five cities now experience at least one more week of warmer-than-

normal spring days than in the 1970s.

A Spring has warmed the most across the southern tier of the country,

particularly in the Southwest.

A Spring warming can prolong seasonal allergies, worsen wildfire risk,

and limit snow-fed water supplies.

Spring warmed the most, on average, in Iocatjons across the soqthern tier
of the country: Southwest (3.4AF), South (2.7A4), Southeast (2.5A4), and

Ohio Valley (2.54F).

A Most locations (80%, or 194) now experience at least seven additional
warmer-than-normal spring days than they did in the early 1970s.

Warmer, shorter winters mean an earlier spring thaw and later fall freeze.

SPRING WARMING
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https://www.climatecentral.org/graphic/later-fall-frost-extends-allergy-season-2023?graphicSet=Earlier+Spring+and+Later+Fall&lang=en
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Uneven Snow ~ Avalanche Risk

An uneven snowpack significantly increases the risk of avalanches because different
snow densities across a slope can create weak layers, making it more likely for a "slab"
of snow to break off and slide down when triggered by weight or movement.

A New and old snow alike can be battered by the wind into ever smaller and smaller
pieces, until they look and behave more like tiny grains of sand than the original
snowflake that fell from the sky.

A At the larger scale, massive amounts of snow can be moved by the wind, resulting in
distribution patterns that vary throughout the landscape.

Atmospheric shifts towards greater rates of warming is linked to the increase in wet snow
avalanches in the Western Himalayas.

A Melt/freeze layers form when water molecules transition between solid and liquid.
When rain falls on snow, or warm air temperatures and/or strong sun bring the snow
surface up to 320F, the snow will end up with some liquid water present.

A Usually in winter this water will stay near the surface and refreeze to form a melt-
freeze crust, or percolate and refreeze deeper in the snowpack.

A Any of these melt-freeze layers are weak when wet but strong when frozen.

Snow algae blooms are worsening due to warmer winters, and this can lead to more
snow and ice melt. now algae can be found in the Sierra Nevada of California, where it
can cause snow to appear red, orange, green, or grey.

A Snow algae were prevalent in the early summers of 1993 and 1994. Significant
negative correlations were found between snow albedo and algal cell numbers.

Wildfire Smoke: tree loss impacts the landing of snow and evaporative capabilities of the
wind/sun but the push of ash into the mountains deposits metals and minerals that can
darken the albedo of the region and increase warming trends further amplifying the
uneven snowpack and risks of premature losses and avalanche threats.
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National Snowpack Shifts from Warming

A recent study highlighted that there has been a 21% decline in the April 15t snowpack water storage in the western U.S. sincethe 1950si whi ch i s equi val en
storage capacity. Reports of changes across the Western US may provide early notice to the Eastern US mountains and the stability of the snowpacks across the US.

A There have been decreases in peak snowpack volume and earlier occurrences across the West, with the peak occurring approximately 8 days earlier in the year for every 1.8F o
warming. There is a correlating shift in premature blooming for plants and double-bloom capabilities in some regions straining soil nutrients and water storage in shallow aquifers.

o The peak annual snowpack in the Cascades could decrease by 25% in the next 30-60 years according to the study.
o California could experience episodic low-to-no snow beginning in the late 2040s and low-to-no snow in the 2060s.

A This could cause cascading snow loss into Central US as the storms crossing the West will pick up warmer, drier air from the darker albedo associated with
exposed vegetation and landscapes versus what had historical coverage of snow and cold air damming in the valleys.

A For other parts of the western U.S. persistent low-to-no snow emerges in the 2070s which extends across the Rocky Mountains. This will result in more precipitation falling as
rain versus snow, changing the way the rivers and reservoirs operate and amplifying concerns of avalanches over the next 45 years as short bursts of precipitation prevail.

Earlier onset snowpack melt can amplify drought and fire threats as runoff throughout the winter can grow short brush which dries out quickly and reduces riverway storage through
ahead of agricultural assessments of water levels for distributing industry water needs. Lower river systems can warm at faster rates further compounding the issue.
a Historical snow b Future low-to-no snow Ranges of PrOJECtEd Wz} e
Moresemible 21st Century Snowpack Loss '

Hover over mountain ranges to reveal snowpack loss.
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Winter Snowfall Outlooks

Across many regions, winter is the fastest-warming

season.

N O A A@nscipated odds of La Nifla peak during a

three-month stretch between October and December.

Then, the agency predicted, ENSO will return to its

neutral phase.

A Interms of ski conditions, La Nifia tends to favor
the northwestern U.S., where states like
Washington, Oregon, and Idaho have, seen
higher-than-average snowfall during these years.

A The opposite is true for Southern California,
Arizona, and New Mexico.

Snowfall averages by ski resort and last year (La

Nifia) are provided HERE
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https://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/figure07.gif
https://www.powder.com/news/la-nina-winter-25-ski-resorts-snow

Warm Summer Nights DO’S

« Have your bedroom temp 18-19
degrees Celsius.

Since 1970, average summer minimum (nighttime) temperatures =
have warmed in 231 US locations by 3.14F on average. él"

A New analysis shows that climate change is having a growing
influence on the frequency of sweltering summer nights since ';'“..,"‘)
1970 in all but one of the 247 major U.S. cities analyzed. doytims. '

« Ventilate your bedroom in cooler
moments (e.g. morning) and keep
curtains closed during the day.

® - —

A On average, these cities currently experience about 27
warmer-than-normal summer nights with a strong climate
change fingerprint each year, compared to one such day
annually during the 1970s.

+ Use a fan to cool down

A The top five cities with the largest increases in climate unesfne. ,
change-fueled warm summer nights are all in Florida. conditoning. =

A Hot summer nights limit our ability to cool off and recover +Toke o ukamarm shower
from extremely hot summer days. This can lead to greater oL PN
heat stress and related health risks. If!

When nights dondét cool off eng(
temperatures, people have a harder time cooling off.

A Heat is the deadliest weather-related hazard in the U.S., and
warm nights can worsen heat stress and related health risks
during the hottest time of year.

A Summer nights have warmed the most since 1970 in the
Southwest, where summer nights have warmed by 4.54F on
average across 11 locations. |

Sleepless Nights , a 2024 report from Climate Central, quantifies
the influence of human-caused climate change on the frequency
of hot summer nights globally. Iix

More warm nights also mean higher demand for air conditioning.

leons croated b
k

DON'TS

« Avoid using the AC and no lower

than 18°C.

« Don't take naps longer

than 20-30 mins max.

z
?(

=]

« Avoid drinking alcohol: it

dehydrates and makes

your sleep worse. S

1

« Don't change your sleep

schedule too much.

by Froop

Vulnerable groups 1+ older adults and people with psychiatric conditions

sik. Smashicons, paulales, Chattapat
m

Abnormally high temperatures overnight
present risks of wildfire threats, stressed
vegetation, greater rates of evaporative

demand, and increased aggression rates.

| ) il ]



https://www.climatecentral.org/report/sleepless-nights

Warming Surface Water Can Cause
Harmful Algal Blooms (HABS)
E. Coli

Cholera

Amoebaods

CLEAN WATER ACTION
CLEAN WATER FUND

Causes of Algae Blooms

Conditions

+ Abundant light

« High temperatures
« High pH levels

« Stagnant water

« Excess nutrients

Environmental ﬂ

TOXIC ALGAE
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Sources of Excess Nutrients

T

Agriculture: Industry: Urban Life:
Fertilizer runoff initrogen & Chemical discharge  Sewage and
phosphorus) and animal waste  and wasle wasle runoff
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Climate Change
Climate change is increasing the frequency
and severity of blooms due to: !
« Increases in water and air temperature
» Increases indroughts and flooding

Harmful algal blooms

release toxins that contaminate drinking water, causing illnesses for animals and humans.

A Natural reservoirs without wastewater treatment can cause mats of HABs and present a threat to anything consuming the
water directly. Wildfire smoke can increase the risk of premature birth rates, birth defects, or low birth weight.

Bacteria are common single-celled organisms and are a natural component of lakes, rivers, and streams.
A Escherichia coli (aka E. coli) are bacteria found in the environment, foods, and intestines of people and animals. E. coli are a

large and diverse group of bacteria.

Cholera is an acute diarrheal illness caused by infection of the intestine with Vibrio cholerae bacteria.
A People can get sick when they swallow food or water contaminated with cholera bacteria. The infection is often mild or without
symptoms but can sometimes be severe and life-threatening.
Amoeba named Naegleria is a single-celled living organism commonly found in warm freshwater (lakes, rivers, etc.) and soil.
Only one type of Naegleria infects people: Naegleria fowleri.
A In the US, most infections have been caused by this amoeba come from freshwater located in southern-tier states.

Harmful algal blooms (HABs) occur when algae 8 simple photosynthetic organisms that live in the sea and
freshwater 8 grow out of control while producing toxic or harmful effects on people, fish, shellfish, marine mammals,

and birds.

Warming Waters, Changes in Salinity, Additional Fuels (Carbon Dioxide), Higher Rainfall Rates and Excessive
Runoff, Sea Level Rise Increasing Coastal Waters, and Coastal Upwelling can all play a role in HAB movements.

Health Impacts of Cyanotoxin

» Changes in salinity
« Increased amount of CO2
« Sea level rise and coastal upswelling

IN HUMANS

Brain ~Body

Source: Ingestion Source: Contact, e.g.
Symptoms: . swimming

» Headache / Symptoms:

« Incoherent speech i » [rritation in eyes, nose,
+ Drowisiness ¢ and throat

« Blistering around the mouth
» Skin rash, including tingling,
burning and numbness

+ Loss of coordination

Respiratory System-

X ¥ 5 + Fever

Source: Inhalation + Muscle aches (from
Symptoms: ingestion)

» Dry cough » Weakness (from ingestion)
+ Pneumonia

« Sore throat

» Shortness of breath : (_)rgans 3

+ Loss of coordination Source; Ingestion
Symploms:
- Kidney damage

Migestive System + Abnormal kidney function

Source: Ingestion, drinking « Liver inflammation

contaminated water, or eating
contaminated fish

Symptoms: ~Nervous System
+ Abdominal pain Source: Ingestion

+ Nausea Symptoms:

+ Vomiting + Tingling

+ Diarrhea « Burning

» Stomach cramps + Numbness

Case Reports by State of Exposure

Number of Case-reports of Primary Amebic Meningoencephalitis Caused by Naegleria

fowleri (N=154) by State of Exposure*— United States, 1962-2021

Brain -Eating Amoeba Rates: Slow Increases
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Severe Weather on the Rise

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

Insured U.S. hail losses average $8 billion - $14 billion per year, or $80-140 billion per decade.
A new study published by the National Center for Atmospheric Research finds there hasbeenfia f i vef ol d i ncr
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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 exppHGeE"s

#1 by count #1 by density

Polk County, Florida, Walker County, Texas, saw
318 lightning events per
events in 202 km? (825 per square mile]

Tatal lightning ;
density 'nothe DS = 4

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.

2024 Annual Preliminary Report Summary Over the past two years more severe

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

United States Billion-Dollar Disaster Events 1980-2024 (CPI-Adjusted)
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HAIL CLAIMS REPORT 2018-202

TOP 5 STATES
FOR
HAIL CLAIMS:

1. Texas 2. Colorado 3. lllinois 4. Missouri 5. Minnesota
605,866 Claims 312,808 Claims 150,970 Claims 139,288 Claims 137,330 Claims

Hail Loss Claims

2,632,050
2% Total Hail Claims
INCREASE
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https://www.nature.com/articles/s41558-023-01852-9

Energy Sector Losses 1 Ex WX

Between 2000 and 2023, 80% of reported major outages in the U.S. were due to weather-
related events. Severe hailstorms can damage renewables like wind turbines and solar power.

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

A The U.S. experienced about two times more weather-related outages during the 10 years

2014-2 023 versus the first 10 ye09s analyzed
Solar panels and turbines exposed to icing, freezes, or hail may see significant output loss.
Wind turbines also face significant costs from lightning at +$100 million a year and accounts for
about 60% of the blade losses. A turbine in Oklahoma has been struck 111 times in 4 years
while a quarter of all sites report at least one strike per turbine per year.

MAJOR U.S. POWER OUTAGES South (3591, Norioon

- Weather-Related -~ Non Weather-Related (350)’ and Ohio VaIIey

150 (301) experienced the

most weather-related

outages from 2000 to
2023.

Most outages were
caused by severe
weather (58%), winter
weather (23%), and
tropical cyclones (14%).
These events are all
likely to increase in
damages caused and
duration of outages to
rise.
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MAJOR U.S. POWER OUTAGES

WEATHER-RELATED, 2000-2023

M Severe weather: 58%

B Winter weather: 23%

B Tropical cyclones: 14%

M Extreme heat: 3%
Wildfire: 2%
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DAMAGING HAIL

Hail Records Continue to Rise

2010: A hailstone was discovered in South Dakota measuring 8.0 inches |3 et | Bl bl
in diameter, 18.625 inches in circumference, and weighing 1.94 pounds. : s .
2016/2022/2024 Colorado reports 2-feet of hail requiring plow trucks to ' =5 " ‘ A

move and triggering flooding as the ice melted quickly at the surface.

2023-2025: Multiple states report melon-size hail (+6-inch diameter).

2.5" 275" 4.0"

2025: Texasbd6s new record dnahidiamseteio n e

a Current climate b Future climate

Pollution can influence hail
formation and potentially lead
to larger hailstones.

Pollutants provide cloud

. : . -40°C _
condensation nuclei, affecting _40°C
the size and number of stones. 0 o
3 [+ IR ?
. . . . . ] o] @‘
Hail seve_rlty will increase in _ D0 w6k Wind %k > ) 6-km Wind
most regions of the world while O\ B " o4 I
Australia and Europe are MLS o\~ o
eXpeCted to experience more Vertical wind shear : Vertical wind shear
hailstorms. o
Insured U.S. hail losses now : Y. Near-surface wind = Yo Near-surface wind
- - Upd ht Upd ht
average $8 billion to $14 billion peraug pdraug
per year, or $80-140 billion per () Hailstones O Supercooled liquid water @ Rain
decade (aS of 2022)' TEXAS Record MONSTER Hailstone! Fig. 1 | Hail-relevant atmospheric phenomena in current and future climates. The expected changes in hail-relevant
This outpaces the total of $14.1 atmospheric phenomena between the current (panel a) and future (panel b) climates. The numbers in panel b correspond

billion in insured US property Ee?(‘;zrgf;t;?p?g:l:j!;tggteasnzxe:tzre'\lgcg:Q’Egznﬁ%) to the following changes: (1) increased low-level moisture leads to increased convective instability and updraught strength;

shattering the previous record of 6.4" in Hondo, TX in (2) anincrease in the melting level height (MLH) leads to enhanced melting of hailstones and a shift in the distribution of
loss from tornadoes over the 2021. hailstone sizes towards larger hailstones; and (3) changes in vertical wind shear may affect storm structure and hailstone

decade from 2010 to 2020. e P Jun 4 2004 trajectories, but are generally overshadowed by instability changes.

Permission: Val and Amy Castor




Concrete : In high heat environments over 80AF, concrete should not be poured, Fa\l=8a g =,\% |2 CONCRETE ASPHALT

or it will not set effectively. This can increase setting time from 2-3 days up to 7
days in hot weather.

po” A 130°
A Thermal cracking is found particularly in thick slabs, or mass concrete, where

the temperature differential between different areas of the concrete is too

high. (Examples: airport aprons, bridge headsticks, and highways where O O O
repaving needs have been increasing.

City Landscapes : Park benches in direct sunlight during summer months can

easily reach temperatures of 1254 when ambient air is around 82-83/4F. 9 70 1 4 5 O ’I 5 O O
A Metal benches can reach 136AF with coated benches still exceeding 1084F.
A Marble benches comparable can range up to 1054 while limestone can,reach UV radiation degrades materials
116 degrees in sunlight. Shade often drops these temperature by 16-18A- * Reduction in durability and service life
. . ) . * Release of microplastics and microparticles
o Water fountains can reach 95A, bus stop signs/posts can reach 105AF,
bicycles can range to 104A for seats, 102A- for handles, and crosswalk l _ _
p; Damage to Wood Photovoltaic Degradation
buttons near 98A-.
. : 4 Discoloration Moy ackaging materia
Epoxy : Most heat-resistant epoxies need to be cured at temperatures at or et E—— i o Jliid
beyond the temperature it will need to endure. If temperatures exceed these ===y & - # safety concems
. . . . @ Biodegradation ; ' @ Power loss
maximum service temperatures, the material could start to distort. At a
temperature of 1354 or higher, the epoxy may begin to exhibit heat damage. e (3Soldke \ i
A Epoxy faces the same concerns of needing a few days to cure but in persistent | pamage to pastics é @, g\@\"\ siiags o kil
high heat/humidity levels it could take up to two weeks. TR
. ] . . & Embs rittlegment ' . i @ Color change
o If Epoxy cures in too high of a temperature it can become too solid, el = m .  Weakening of fibres
resulting in less give during temperature swings and may crack. : S A

Metals : Extreme heat causes various metals to expand in addition to impacting

the structure, electrical resistance, and magnetism. When metal heats, the bonds T

begin to break. Strategies to slow the damage of materials
: : . * Stabili

A Bridges in New York, Sacramento, and London have faced thermal expansion - smacecoaﬁngs:.,:,s:r:,odiﬁcatio,,s

or crackingi 954F in New York, 1034AF in Sacramento, and 654F in London. « Novel materials




Radiative Heat Threats: Cities + Canals

In the 1980s, concurrent heat waves only occurred for 20-30 days each summer. Recent 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.

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

sl owly

as direct

heat i

stops. On a

hot

summeM , dayowevengr e€toe ctrled ted ¢ hian 0téh Bue o liha
higher temperature, these mixtures are at risk of expansion-triggered water incursion, weakening the structural integrity of various sites and foundations.

A Grass rarely exceeds 80AF, wood peaks around 90AF, composite decking about 100AF, but concrete can reach a hotter temperature and hold onto that heat longer. In cities,
the developed areas of cityscapes may have cooler temperatures due to additions of vegetation and shading, creating significant heat disparities.

A 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.

Metal benches, grates, and shopping carts can exceed temperatures of 1204F resulting in burn potential for unhoused populations especially. Without cooling centers staying open
overnight, at-risk populations are purged back into an abnormally warm city where pollution concentrations remain high due to the lingering heat.

A The more densely packed a metro car is or a bus is, the greater the ambient temperature will become making it more difficult to cool down between stops.

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. This will
yield more potholes and lower income communities may not be able to repair at the heightened damage rate.
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Why the urban heat island effect occurs

cITYy

penetration

SURFACE TEMPERATURES
3/4/22 6/21/22
10:30am 10:30am 3:30pm
AIR TEMPERATURE 52° : 84° 104°
1. Concrete (sidewalk) B 58°-61.5° A 110° O 142°
2. Asphalt (street) | 62°-64° A 125° & 155°
3. Plants | 65° A 89°-91° O 105-115°
4. Turf (grass) | 69°-71° A 93.5° O 99.5°
5. Bare Dirt | 78° A 119° < 159°
6. Mulch m 81° A 120° O 154°
6a. Soil under mulch A 96° < 110°
7. Gravel (stones) W 82° large A122°1g. o 140°
W 90° small A129°sm. & 149°
8. Artificial Turf @ 90.5°-93° A 143.5° & 165°




Flooding Changes: Flashier Flash Floods

Floods are the most common natural disaster in the US and about 41 million U.S. residents are at risk from flooding
along rivers and streams.

A River flooding can result from heavy rainfall, rapid snow melt, or ice jams thawing resulting in riverbank damages.

A Urban flooding refers to flooding that occurs when rainfall overwhelms the local stormwater drainage capacity of a
densely populated area causing water to continue to overflow into communities and infrastructure sites.

Extreme flooding will continue to be concentrated in regions where humans have built on floodplains or low-lying
coastal regions. As extreme weather events increase, risks will extend into new areas.

A 1,000-year flood events will occur more often due to increased land use and heavier precipitation. The term
Al, 9@@r fl oodo means a flood of that magnitude (or
year. In 2022, the US reported five 1-in-1,000-year flood events in different states causing catastrophic damages.

New research shows as the baseline temperature annually creeps upward due to moderate to high emission rates,
flooding events would become 8% fAflashiero by the en
likely to occur quickly and in concentrated areas that could lead to torrential flooding.

A A more than 10% increase in flash flooding in the Southwest U.S. which accounts for the greatest increase in
A nessoOo among hot svwerdd¥%ofdiskstemrelated praperty damage irfi thedJS.0 r

Afl ashi

A f T h eyea eeturn floods will more likely occur every two to five years, especially alarming for the emerging
flashiness hotspots that will be facing unprecedented challenges with aging infrastructure and outdated flood risk
measur eso

Yhtt@'//vﬂw.g.org/en/mﬁ:h&e/gmns?qclid:CiOKCOiWiN-SBthARISACSrBZSh uH-xJnN292993CDEVIGZVLFEGh6KW/ iNgneXUlf6d78n4Tlk24aAg3fEALW_wcB

Map of US annual average loss due to flooding by county, and its projected change by 2050
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A 2021 study
indicated the
average annual
flood losses are
forecast to
increase by 26%
by 2050, from
$32 billion to
$40.6 billion,
based on 2021-
dollar values.

The average

Grth@alegpsur® |

of the population
to floods is

nexpeqteq tg rise h

97% from
current levels by
2050, to over 7
million by 2050.

A flood can
impact anyone.
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https://www.nature.com/articles/s41558-021-01265-
https://www.fema.gov/media-library-data/1404149087566-67c722a954d5209cf383642acdab8172/FEMA_P312_Chap_2%20.pdf
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https://www.un.org/en/climatechange/reports?gclid=Cj0KCQjwjN-SBhCkARIsACsrBz6h_uH-xJnN2929g3CDEV9GZVLFEGh6KWfiNgneXUlf6d78n4Tlk24aAg3fEALw_wcB
https://www.un.org/en/climatechange/reports?gclid=Cj0KCQjwjN-SBhCkARIsACsrBz6h_uH-xJnN2929g3CDEV9GZVLFEGh6KWfiNgneXUlf6d78n4Tlk24aAg3fEALw_wcB

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).

A 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

A The average change in hourly
rainfall intensity across all 150

Extreme rains and snows are happening more frequently, as warmer air and oceans stations from 1970 to 2021 was
generate more vapor in the atmosphere. An “extreme” storm delivers more precipitation +13%
in one event than 90 percent of a year's storms do. In recent decades these events have '

multiplied across many urban and rural areas and will increasingly become the norm. A 63% (95/150) of stations had
an increase in hourly rainfall
intensity of +10% or more
(Climate Central).

A 90% of the 150 locations
analyzed now experience more
average rainfall per hour than
in 1970.

Percent of U.S. Land Area* Where Extreme One-Day Rains or Snows Have Supplied Much
More of the Annual Precipitation Than Average

1910 1920 1930 1940 1950 1960 1670 1980 1860 2000 2010 2020
L 1 | 1 | 1 | 1 | 1 | J

Mine of the top 10 years (dark bars) 1996
have occurred since 1996

5]
o
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A A 2021 report found that one-
fourth of critical infrastructure
is at risk of failure by flooding.

i A Nine of the top 10 years for
| | | || | extreme one-day precipitation
events have occurred since

) 1996 (EPA).

Percent of Total Land Area
EI.‘ o

o

(=]
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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/askasaclimate/3143/steamyrelationshipshow-atmospheriewater-vaporamplifiesearths
greenhouseeffect/

GLOBAL CLIMATE CHANGE

(e
NASA
S0 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 U.S. in the past seven decades. The rates of ocean evaporation,
terrestrial evapotranspiration, and precipitation have been increasing. In other words, water has been moving more
quickly and intensely through the various stages

This map shows where the water cycle has been intensifying or weakening across the continental U.S. from 1945-1974 to 1985-
2014. Areas in blue show where the water cycle has been speeding upd 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
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Atmospheric River Damages

ARs on the West Coast...
Cause the heaviest rains

Bring warmest storms
(less snow, more rain)

Cause West Coast floods

Roughly 80% of | evee breaches in Californiads
Atmospheric rivers (UCSD - Scripps). Atmospheric rivers (or ARs) produce up to 50% of California's
precipitation annually and 65% seasonally (AGU).

A When an atmospheric river lasts in an area for less than 24 hours, it is demoted by one category, but
if it lingers for more than 48 hours, it is promoted.

A Researchers found that models predicted increased low-elevation precipitation, but less high-
elevation precipitation.

A In a recent study, researchers found atmospheric heating increased the amount of rainfall from two
atmospheric rivers in February 2017. Studies modeling future atmospheric rivers show rainfall will
increase up to 40% more, range 15% larger in size, and last six hours longer per degree of warming.

A Previous analysis has shown that on the West Coast, the Oregon coast receives the most
atmospheric rivers in the fiextremeo range (At
Washington receives extreme atmospheric rivers about every two years, the Bay Area about every
three years and Los Angeles every 10 years.

A The strongest atmospheric river storms hitting the Southern California coast annually, typically fall in
the fimoderatedo to AKYtrongo range (AR Cat 2

Model s indicate the atmospheric rivers that ar
management will increase in intensity, occur in closer succession, and drop more rainfall in a season.

A Scientists state a series of atmospheric rivers caused the Great Flood of 1862, a megaflood that left

Cause storm surges in coastal
areas

Yield extreme coastal winds

Breach levees

Cause landslides, debris flows,
and avalanches

Bring cycles of wet and dry
years

Fill reservoirs and provide
water supplies

End West Coast droughts

Sustain wetlands, floodplains,
and fisheries

Water deserts and forests far
inland, modulate wildfire risks

Freshen estuaries but some-
times threaten estuarine fauna

Modify banks and bottom sedi-

in mountain streams

ments, modulating aquatic fauna
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Quantitative finding
92% of West Coast's heaviest 3-day rain events fed by ARs

Average >50% more precipitation and 2.5°C warmer
than other storms in Sierra Nevada

40%—90% of major floods in West Coast rivers have
been fed by ARs

15%—50% of annual sea level maxima are associated with
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30%—50% of California rain, snow, and streamflow from
ARs

40%-75% of droughts on West Coast ended by an AR
773 ol sfns udtn 1610315 e nd Deanger Q019
Statistically significant relations found between summer
normalized difference vegetation index (greenness) and
areas burned in parts of interior Southwest

Mar 2011 ARs freshened San Francisco Bay by 60%,
resulting in wild oyster kill rate of 97%—100%
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More invertebrate densities and diversity after major AR

flooding; 10 times more in predisturbed settings s Cocper (2010)
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A Atmospheric rivers cause about $1.1 billion in flood
damage annually across the western United States

The portion of California’s annual precipitation that comes from
atmospheric rivers is expected to increase as the globe warms.

A Atypical atmospheric river can be 300 miles wide, a mile deep
and more than 1,000 miles long.

A The term "Pineapple Express" refers to Atmospheric Rivers
that form in tropical regions of the Pacific, often around Hawaii.
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BLUF: Extreme Weather Trends for Stormwater

Extreme rain can cause flooding in low-lying areas that have e i s
poor drainage and insufficient stormwater infrastructure systems.| GREEN FILTER

This can cause flooding throughout the city, even for inland
neighborhoods. Rain-driven flooding can occur suddenly and
intensely, but flood conditions may subside more quickly
compared to coastal surge flooding.

Extreme rainfall events will increase in number and severity in
the future because of the change in baseline temperatures.

By the end of the century, cities could experience as much as
30% more annual rainfall than today, and 1.5 times as many 7 _ :

. . . filtering pollution as the rainwater
days with over an inch of rain. slowly sinks into the ground

As sea level and groundwater tables rise, stormwater will drain
more slowly and contribute to flooding.

A Record rainfall events in 2019 resulted in more than 100
Minnesota communities releasing partially treated
wastewater into area rivers and streams.

A Untreated sewage carries pathogens and other contaminants
that pose human health and ecological risks.

Extreme temperature swings can degrade the quality of

materials in addition to the aging process already underway. RUNOPE

A Canals, reservoirs, earthen dams, roadways, sidewalks, and :ﬁ

drainage ditches require water to hold the soils together. Detergents
« Litter

Sinkholes are just one of many forms of ground collapse, or
subsidence. Land subsidence is a gradual settling or sudden
sinking of the Earth's surface owing to subsurface movement.

ora

GRAY FUNNEL

allowing pollution and toxins to be
washed into our waterways,

4 STORMWATER RUNOFF
CARRIES POLLUTANTS
INTO OUR WATERWAYS,
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Amplified Runoff: Loss of Trees, Too Dry Soll

Increased rains with fewer trees to block the flow: trees act as natural sponges, intercepting
rainwater through their canopy and allowing it to gradually infiltrate the soil, thus reducing the amount
of water that flows directly off the surface as runoff; therefore, when trees are removed, more
rainwater rapidly runs off, leading to increased storm water volume.

Debris flows can be amplified up to seven years post wildfire due to the lack of vegetation cover and

soil stability.

A Healthy trees can slow down the flow of rainwater, absorb rainwater, and reduce the risk of
subsidence by holding soils in place through their root systems.

A Trees can also provide wind breaks, reducing the threats of evaporation and providing shade
from solar radiation which can aid in soil health and stability.

Every 1% increase in organic matter results in as much as 25 thousand gallons of available soll
water per acre.

A The optimum level of moisture to maintain soil stability can vary by region but healthy soils can
hold more water than overly dry soils.

Soil nature directly affects the scale of damage caused by earthquakes. The seismic waves that
travel through hard rock move faster than soft soil, and the transition point between the two can yield
an increase in amplitude causing stronger shaking.

A The deeper the sediment layer above bedrock, the softer soil there is for the seismic waves to 40% evapotranspiration 30% evapotranspiration
travel through. Soft soil means bigger waves and stronger amplification. y
o Solil liquefaction is a leading cause of earthquake damage worldwide. T e
EEEN EEENE
Aeration in compacted soil improves the absorption rate of rainfall and runoff yielding healthier root EEEE '=EI-55-%- =
systems and greater foliage coverage, reducing negative impacts from worsening cyclical EEEa. PG runoff R
atmospheric trends. mm =S H\G===s
— mmEE BEEEEE
A S et dop . =- —— HH-
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Inches Per Hour and Peak Wind Risks Rise Bl 7 A8\ T1EN N

Change in hourly rainfall rate, 1970-2024

With 2AC (3.64F) of global warming, the majority (85% or 2,645) of 3,111 total U.S. counties are

[ ]
likely to experience a 10% or higher increase in precipitation falling on the heaviest 1% of days. P : o "o CHANGE
) ° o
A 2024 study by Climate Central found that 126 of 144 US cities they examined saw an ° ° ® »
. : : ) : ® o8 0
increase in hourly rainfall intensity from 1970 to 2022. ] = .”c ’ ol g
. . . : e ®
A Rainfall hours became 15% wetter on average across the 126 cities studied with an 88% 0'. ¢ o.g'. ) +30
increase in hourly rainfall rates. e® o " ~ s :' 0
The highest known one-hour rainfall total in the US is 12 inches in Holt, Missouri, on '. : e °® ° :0:‘.: o
June 22, 1947. This rainfall occurred in just 42 minutes. o~ : e oo 0°° o +10
The highest known 1-minute total is also held by the US in Unionville, Maryland at o #%®* 2
. ) @ 0
1.23 inches in 1956. o ”3
The record 6-hour rainfall was in Smethport, PA at 34.5 inches. A record 42 inches
were reported in 24 hours in Alvin, Texas in 1979.
A new study finds the strongest nor'easters have intensified over the last 80 years, with a 6%
increase in peak wind speeds resulting in a nearly 20% increase in destruction potential. WARMER AlR
HOLDS MORE MOISTURE

A Previous studies published have predicted an increase in the intensity of extratropical
storms close to the northeastern US due to warming during the cool season.

0 The strongest wind gust recorded in the US was 231 mph at Mt. Washington in 1934
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Recent research shows that
thunderstorm straight-line wind
speeds in the central U.S. have
intensified 7% per A of warming

during recent decades (1980-
2020).

With very high levels of future
warming, large straight-line wind
systems (derechos) are projected

to become more frequent,
widespread, and intense in the
central and eastern U.S.

Severe storms 8 thunderstorms
that produce tornadoes, hail at
least one inch in diameter, or
damaging winds (58 mph or
higher) 8 are destructive and
deadly.

They cause an average of 200
deaths annually in the U.S. and
account for half of all U.S. billion-
dollar weather and climate
disasters that have impacted the
nation since 1980.

The frequency of billion-dollar
severe storms has increased
dramatically in recent decades,
with 2023 and 2024 ranking as
the top two years on record.

Thunderstorm straight-line winds are
non-rotating winds originating from
thunderstorms. Straight-line winds are
different from the rotating winds of

tornadoes, and the
fidamagingd when t he

58 mph.
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