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Fact: 90% excess energy from greenhouse gas forcing/climate change are 
going back into oceans. Oceans strongly regulate weather.

May 1 Ocean Temperature Anomaly

2



https://climatereanalyzer.org/clim/t2_daily/?dm_id=world 

Surface Air Temperature: “The Oven is Preheating”

Fact: Fastest input of atmospheric carbon from carbon-intensive economy in 3-4 million 
years. Corresponding temperature increase will continue to accelerate without mitigation. 
Adaptation is critical. 

Data starting 1940
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2024 2023 was approximately +1.5 °C 
above pre-industrial levels

https://climatereanalyzer.org/clim/t2_daily/?dm_id=world


Winter temperature check: Our strongest changing season

Top 10 Warmest Winters at Burlington 
(1941-2024)

Warmer and Wetter Winters: More thaws, 
less reliable snow cover, heavier precipitation 
events, more wet snow 

2023-2024 was also the second wettest

US Temperature: Warmest
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Vermont’s warming is consistent with global climate warming. Mean 
annual temperature is projected to increase another 2°F to 3°F by 2050. 
Winter will continue to warm about two times faster than other seasons. 

Projection data: https://crt-climate-explorer.nemac.org/  , Observation data: https://www.ncdc.noaa.gov/cag/divisional/mapping/43/pcp/202009/12/value

Vermont Temperature Projection
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https://crt-climate-explorer.nemac.org/
https://www.ncdc.noaa.gov/cag/divisional/mapping/43/pcp/202009/12/value


Changing Vulnerability/Risk - “Seasonal Shenanigans”

● High Confidence Seasonal Change
○ Retreating cold: Shorter winters with more precipitation
○ Expanding warmth: Elongated periods of heat earlier and 

later in the season  
○ Combination creates more intra-seasonal variability

● Frequency change: Expansion of extreme weather impacts 
with hazards emerging at different times of the year 

● Intensity change: Heavier precipitation potential increases 
hydrology (flooding) risks 

● Compounding risk: More complex multi-hazard storms with 
blurry seasons - “October in December storm events”
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Data: https://www.fema.gov/openfema-data-page/disaster-declarations-summaries-v2 

Vermont FEMA Disaster Declarations (1963 to *2024)

*As of April 1, 2024

Hazard Type Classification

Vulnerability = frequency * intensity ; heavy rainfall/flooding will remain 
the hazard causing the greatest vulnerabilities into the future. 
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https://www.fema.gov/openfema-data-page/disaster-declarations-summaries-v2


Data: https://www.fema.gov/openfema-data-page/disaster-declarations-summaries-v2 

July 2023 flooding 
episodesTropical Storm Irene 
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https://www.fema.gov/openfema-data-page/disaster-declarations-summaries-v2


Increasing vulnerability with shifting seasonal risk exposure. Warmer winters create 
more multi-hazard storm exposure through increasing wet snow, more rain on snow 
(snowmelt), and greater vulnerability from high wind events. 

(1963 - *2024)

*As of April 1, 2024

Future Risk: Modeling the frequency 
change of future black-swan type 
extreme events (e.g., Irene, July 
2023) is currently beyond the 
capabilities of the science. However, 
regarding the intensity change, the 
future climate favors increased 
potential for heavier rainfall from 
warmer oceans (more evaporation) 
and slower moving storm systems. 
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Data: https://www.fema.gov/openfema-data-page/disaster-declarations-summaries-v2 

https://www.fema.gov/openfema-data-page/disaster-declarations-summaries-v2


July 2023 Heavy Rainfall and Flooding

July 2023 v. Irene (Aug 2011)

Above table is data is from the citizen science 
program where observers experienced both 
storms, CoCoRaHS https://www.cocorahs.org/. 
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https://www.cocorahs.org/


Dec 18, 2023 Storm: Heavy Rainfall/Flooding and Wind

VT County Disaster 
Declarations 

Essex 

Lamoille 

Orange

Orleans

Rutland

Windham

Windsor

“October in December” 
storm morphology 11



VT County Disaster 
Declarations 

Chittenden

Essex 

Franklin

Lamoille

Orleans

Jan 9-10, 2024 Storm: Wet Snow and High Wind

Peak Wind Gusts

Wind Gust (mph)

Wet Snowfall Liquid Content

Wet Snowfall 
(hundreths of an inch)
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Fact: Wet snowfall has 
caused more power outage 
impacts in the last 10 years 
than any other hazard.



Timing of 2°C of warming depends on atmospheric carbon concentration and SSP scenarios. Generally reached 
between 2042 and 2053 with most SSP scenarios. Thirty-year ahead increases suggest an increase of 10 to 20% 
frequency of heavy precipitation events, as defined in three above ways.This does not necessarily correlated to flooding 
impacts, as additional hydrologic factors such as precursor soil moisture and time of year are important. 
Above figure source: Fifth National Climate Assessment:https://nca2023.globalchange.gov/ 13

Graphic: Fifth National Climate Assessment:https://nca2023.globalchange.gov/ 

https://nca2023.globalchange.gov/
https://nca2023.globalchange.gov/


Vermont Hazard Prediction Changes through 2050

After Shafer and Cronin 2021
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