
Low and Behold: Barometric Extremes Amplifying Floods 
ñThe 10 warmest years in the 143-year record have all occurred since 2015. The 2024 JanuaryïDecember 2024 global surface 

temperature ranked warmest in the 175-year record at 1.29°C (2.32°F) above the 20th century averageò (NOAA).
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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. 

Å Because of Earthôs spin and the Coriolis effect, winds of a low-

pressure system swirl counterclockwise north of the equator.

Å As the air rises, the water vapor within it condenses, forming 

clouds and often precipitation.

Å 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. 

Å 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). 

Å 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.



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.

Å The low-pressures drive global cooling winds, bring 

rainfall and storm events, and are responsible for all 

notable cloud coverage. 

Å 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.

ASOS Raw Data  
National Overview

Low- and High-pressure 

centers are moving into 

extremes amplifications



Upper-Level Winds
A recent study, in Nature Climate Change, suggests that the 

fastest upper-level jet stream winds will accelerate by about 2% 

for every degree Celsius (1.8Á Fahrenheit) that the world warms. 

Å 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.

Å 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.

Å 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.

Å The tropopause, has climbed about 50 to 60 meters per 

decade in the past 20 years. 

Å The troposphere is the bottom layer of Earthôs atmosphere 

and contains most of the atmosphereôs mass, clouds and 

weather phenomena, and is where the global population and 

wildlife lives.



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 4.6ÁF above average, behind only 

August 2020. Washington and Oregon 

recorded temperatures over 4ÁF warmer 

than long-term monthly average.



August 2025 was the third-warmest August globally since records began in 1850. The 

monthly temperature anomaly was +1.07ÁC (+1.93ÁF), ranking just below the warmest 

Augusts of 2023 and 2024 (+1.27ÁC / +2.29ÁF). 

ÅAugust 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 0.91ÁC (1.64ÁF) 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 

August temperatures covered 6.3% of the world's surface. 



In 2024, there were 27 confirmed weather/climate disaster events with losses exceeding $1 billion each 

to affect US following the 2023 record 28 billion-dollar events. The total cost from 2024 was $182.7 billion 

via 17 severe storms, 5 Tropical Cyclones, 1 wildfire, 1 drought/heat event, and 2 winter weather events.

National Temperature Swings Yield Extremes

1,882 tornadoes in 2024, 657 over the 1991 -2020 average of 1,225 
61,685 fires (7th least) 

burned 8,851,142 acres (7th most)



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

analyzed ð by 2.4ÁF on average. 

Å 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. 

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

particularly in the Southwest. 

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

and limit snow-fed water supplies. 

Spring warmed the most, on average, in locations across the southern tier 

of the country: Southwest (3.4ÁF), South (2.7ÁF), Southeast (2.5ÁF), and 

Ohio Valley (2.5ÁF). 

Å 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. 

Changing Spring Conditions

Warmer spring 

temperatures 

result in earlier 

thaws, heavier 

spring rainfall, 

longer growing 

seasons, double 

blooms, river 

system changes, 

marine and 

wildlife shifts, 

and changes to 

energy needs.

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


Winters have warmed by 4ÁF on average 

across 235 US cities since 1970. Warmer, 

shorter winters have lingering effects on 

health, water supplies, and agriculture 

throughout the year.

Summers are heating up in 234 of major US 

cities by an average of 2.6ÁF since 1970.

Analysis also shows persisting warmer-than-

normal summer nights since 1970 in 246 

major US cities.

Climate Centralôs Warming Seasons Graphics



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.

Å 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.

Å 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.

Å 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 32oF, the snow will end up with some liquid water present. 

Å 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. 

Å 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.

Å 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.

Uneven Snow ~ Avalanche Risk



National Snowpack Shifts from Warming
A recent study highlighted that there has been a 21% decline in the April 1st snowpack water storage in the western U.S. since the 1950s ï which is equivalent to Lake Meadôs 

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.

ÅThere 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 of 

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.

ÁThis 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. 

ÅFor 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.



Winter Snowfall Outlooks
Across many regions, winter is the fastest-warming 

season.

NOAAôsanticipated odds of La Niña peak during a 

three-month stretch between October and December. 

Then, the agency predicted, ENSO will return to its 

neutral phase.

Å In terms of ski conditions, La Niña tends to favor 

the northwestern U.S., where states like 

Washington, Oregon, and Idaho have, seen 

higher-than-average snowfall during these years.

Å The opposite is true for Southern California, 

Arizona, and New Mexico. 

Snowfall averages by ski resort and last year (La 

Niña) are provided HERE 

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
Since 1970, average summer minimum (nighttime) temperatures 

have warmed in 231 US locations by 3.1ÁF on average.

Å 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.

Å 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.

Å The top five cities with the largest increases in climate 

change-fueled warm summer nights are all in Florida.

Å Hot summer nights limit our ability to cool off and recover 

from extremely hot summer days. This can lead to greater 

heat stress and related health risks. 

When nights donôt cool off enough relative to peak daytime 

temperatures, people have a harder time cooling off. 

Å 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.

Å Summer nights have warmed the most since 1970 in the 

Southwest, where summer nights have warmed by 4.5ÁF 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.

More warm nights also mean higher demand for air conditioning.

Abnormally high temperatures overnight 

present risks of wildfire threats, stressed 

vegetation, greater rates of evaporative 

demand, and increased aggression rates.

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


Warming Surface Water Can Cause

Harmful Algal Blooms (HABs)

E. Coli

Cholera

Amoebaôs

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

Å 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. 

Å 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.

Å 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.

Å 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 ð simple photosynthetic organisms that live in the sea and 

freshwater ð 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 Cyanotoxins

Brain -Eating Amoeba Rates: Slow Increases



Hail events throughout the US are forecasted to intensify regarding size of the hailstones as warmer seasons across multiple 

regions can enable stronger updrafts for supercell storms responsible for large hail especially across less hardened areas.

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

A new study published by the National Center for Atmospheric Research finds there has been ña fivefold increase in the area 

affected by straight-line winds since the early 1980sò 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 ñTornado Alleyò to ñDixie Alleyò 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.

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.

Severe Weather on the Rise
2024 Total Lightning Density

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


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.

ÅThe average annual number of weather-related power outages increased by roughly 78% 

during 2011-2021, compared to 2000-2010. 

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

2014-2023 versus the first 10 years analyzed of the 2000ôs (2000-2009). 

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. 

The Southeast (360), 

South (352), Northeast 

(350), and Ohio Valley 

(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.

Energy Sector Losses ï Ex Wx



2010: A hailstone was discovered in South Dakota measuring 8.0 inches 

in diameter, 18.625 inches in circumference, and weighing 1.94 pounds.

2016/2022/2024 Colorado reports 2-feet of hail requiring plow trucks to 

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

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

2025: Texasôs new record hailstone reported at 7.25-inch diameter. 

Hail Records Continue to Rise

Pollution can influence hail 

formation and potentially lead 

to larger hailstones.

Pollutants provide cloud 

condensation nuclei, affecting 

the size and number of stones.

Hail severity will increase in 

most regions of the world while 

Australia and Europe are 

expected to experience more 

hailstorms.

Insured U.S. hail losses now 

average $8 billion to $14 billion 

per year, or $80-140 billion per 

decade (as of 2022). 

This outpaces the total of $14.1 

billion in insured US property 

loss from tornadoes over the 

decade from 2010 to 2020.



Concrete : In high heat environments over 80ÁF, concrete should not be poured, 

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

days in hot weather.

Å 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 

repaving needs have been increasing.

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

easily reach temperatures of 125ÁF when ambient air is around 82-83ÁF. 

ÅMetal benches can reach 136ÁF with coated benches still exceeding 108ÁF.

ÅMarble benches comparable can range up to 105ÁF while limestone can reach 

116 degrees in sunlight. Shade often drops these temperature by 16-18ÁF.

o Water fountains can reach 95ÁF, bus stop signs/posts can reach 105ÁF, 

bicycles can range to 104ÁF for seats, 102ÁF for handles, and crosswalk 

buttons near 98ÁF.

Epoxy : Most heat-resistant epoxies need to be cured at temperatures at or 

beyond the temperature it will need to endure. If temperatures exceed these 

maximum service temperatures, the material could start to distort. At a 

temperature of 135ÁF or higher, the epoxy may begin to exhibit heat damage.

ÅEpoxy faces the same concerns of needing a few days to cure but in persistent 

high heat/humidity levels it could take up to two weeks.

o If Epoxy cures in too high of a temperature it can become too solid, 

resulting in less give during temperature swings and may crack.

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

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

begin to break.

ÅBridges in New York, Sacramento, and London have faced thermal expansion 

or crackingï 95ÁF in New York, 103ÁF in Sacramento, and 65ÁF in London.



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 

slowly as direct heating stops. On a hot summer day, concrete thatôs in the shade can easily average 70ÁF, however, concrete thatôs in direct sunlight can reach 135ÁF. Due to the 

higher temperature, these mixtures are at risk of expansion-triggered water incursion, weakening the structural integrity of various sites and foundations.

Å Grass rarely exceeds 80ÁF, wood peaks around 90ÁF, composite decking about 100ÁF, 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.

Å 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 120ÁF 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.

Å 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.



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 

annual exposure 

of the population 

to floods is 

expected to rise 

97% from 

current levels by 

2050, to over 7 

million by 2050.

A flood can 

impact anyone.

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. 

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

Å 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.

Å 1,000-year flood events will occur more often due to increased land use and heavier precipitation. The term 

ñ1,000-year floodò means a flood of that magnitude (or greater) has a 1 in 1,000 chance of occurring in any given 

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% ñflashierò by the end of the century. This means that heavy rainfall events are 

likely to occur quickly and in concentrated areas that could lead to torrential flooding.

Å A more than 10% increase in flash flooding in the Southwest U.S. which accounts for the greatest increase in 

ñflashinessò among hot spots. Flooding is a factor in over 90% of disaster-related property damage in the US.

ÅñThe 20-year return 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 

measuresò Yang Hong.. https://www.un.org/en/climatechange/reports?gclid=Cj0KCQjwjN-SBhCkARIsACsrBz6h_uH-xJnN2929g3CDEV9GZVLFEGh6KWfiNgneXUlf6d78n4Tlk24aAg3fEALw_wcB 

Flooding Changes: Flashier Flash Floods

https://www.nature.com/articles/s41558-021-01265-
https://www.fema.gov/media-library-data/1404149087566-67c722a954d5209cf383642acdab8172/FEMA_P312_Chap_2%20.pdf
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
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
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 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).

ÅMore 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.

Å The average change in hourly 

rainfall intensity across all 150 

stations from 1970 to 2021 was 

+13%. 

Å 63% (95/150) of stations had 

an increase in hourly rainfall 

intensity of +10% or more 

(Climate Central).

Å 90% of the 150 locations 

analyzed now experience more 

average rainfall per hour than 

in 1970. 

Å A 2021 report found that one-

fourth of critical infrastructure 

is at risk of failure by flooding. 

Å Nine of the top 10 years for 

extreme one-day precipitation 

events have occurred since 

1996 (EPA).

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.

Increases in 1 Hour / 6 Hour / 24 Hour Rainfall Totals

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 upðmoving 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://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/
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Atmospheric River Damages
Roughly 80% of levee breaches in Californiaôs Central Valley are associated with landfalling 

Atmospheric rivers (UCSD - Scripps). Atmospheric rivers (or ARs) produce up to 50% of California's 

precipitation annually and 65% seasonally (AGU).

ÅWhen 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.  

ÅResearchers found that models predicted increased low-elevation precipitation, but less high-

elevation precipitation. 

Å 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.

ÅPrevious analysis has shown that on the West Coast, the Oregon coast receives the most 

atmospheric rivers in the ñextremeò range (Atmospheric River Cat 4), averaging about one per year.  

Washington receives extreme atmospheric rivers about every two years, the Bay Area about every 

three years and Los Angeles every 10 years.

ÅThe strongest atmospheric river storms hitting the Southern California coast annually, typically fall in 

the ñmoderateò to ñstrongò range (AR Cat 2-3).

Models indicate the atmospheric rivers that are ñmostly or primarily hazardousò to water resource 

management will increase in intensity, occur in closer succession, and drop more rainfall in a season.

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

6,000 square miles of Californiaôs Central Valley under water.

https://journals.ametsoc.org/view/journals/bams/100/2/bams-d-18-0023.1.xml 

ÅAtmospheric 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.

ÅA typical atmospheric river can be 300 miles wide, a mile deep 

and more than 1,000 miles long.

ÅThe term "Pineapple Express" refers to Atmospheric Rivers 

that form in tropical regions of the Pacific, often around Hawaii. 

The USGS stated high-intensity 
atmospheric rivers can be as 

destructive as hurricanes.

https://scripps.ucsd.edu/news/new-scale-characterize-strength-and-impacts-atmospheric-river-storms
https://scripps.ucsd.edu/news/new-scale-characterize-strength-and-impacts-atmospheric-river-storms
https://scripps.ucsd.edu/news/new-scale-characterize-strength-and-impacts-atmospheric-river-storms
http://cw3e.ucsd.edu/wp-content/uploads/2017/08/Gershunov_et_al-2017-Geophysical_Research_Letters.pdf
https://journals.ametsoc.org/view/journals/bams/100/2/bams-d-18-0023.1.xml
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Extreme rain can cause flooding in low-lying areas that have 

poor drainage and insufficient stormwater infrastructure systems. 

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 

days with over an inch of rain. 

As sea level and groundwater tables rise, stormwater will drain 

more slowly and contribute to flooding.

Å Record rainfall events in 2019 resulted in more than 100 

Minnesota communities releasing partially treated 

wastewater into area rivers and streams. 

Å 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.

Å Canals, reservoirs, earthen dams, roadways, sidewalks, and 

drainage ditches require water to hold the soils together.

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.

BLUF: Extreme Weather Trends for Stormwater



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.

Å 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.

Å 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 soil 

water per acre. 

Å 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.

ÅThe deeper the sediment layer above bedrock, the softer soil there is for the seismic waves to 

travel through. Soft soil means bigger waves and stronger amplification.

o Soil liquefaction is a leading cause of earthquake damage worldwide.

Aeration in compacted soil improves the absorption rate of rainfall and runoff yielding healthier root 

systems and greater foliage coverage, reducing negative impacts from worsening cyclical 

atmospheric trends.

Amplified Runoff: Loss of Trees, Too Dry Soil



Inches Per Hour and Peak Wind Risks Rise
With 2ÁC (3.6ÁF) 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. 

A 2024 study by Climate Central found that 126 of 144 US cities they examined saw an 

increase in hourly rainfall intensity from 1970 to 2022.

Å Rainfall hours became 15% wetter on average across the 126 cities studied with an 88% 

increase in hourly rainfall rates.

o The highest known one-hour rainfall total in the US is 12 inches in Holt, Missouri, on 

June 22, 1947. This rainfall occurred in just 42 minutes.

o The highest known 1-minute total is also held by the US in Unionville, Maryland at 

1.23 inches in 1956.

o 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.

Å 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.

o The strongest wind gust recorded in the US was 231 mph at Mt. Washington in 1934

https://journals.ametsoc.org/view/journals/clim/26/18/jcli-d-12-00498.1.xml
https://journals.ametsoc.org/view/journals/clim/26/18/jcli-d-12-00498.1.xml
https://go.redirectingat.com/?id=92X1590019&xcust=livescience_us_1924799583379836246&xs=1&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs40641-015-0013-7&sref=https%3A%2F%2Fwww.livescience.com%2Fplanet-earth%2Fclimate-change%2Fnoreasters-have-become-20-percent-more-destructive-in-the-last-80-years-scientists-warn


Recent research shows that 

thunderstorm straight-line wind 

speeds in the central U.S. have 

intensified 7% per ÁF 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 ð thunderstorms 

that produce tornadoes, hail at 

least one inch in diameter, or 

damaging winds (58 mph or 

higher) ð 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 theyôre classified as 

ñdamagingò when their speed exceeds 

58 mph. 


