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Is Current Climate Change Unprecedented?



Licciardi & Pierce, QSR 2018

8-9oF cooling to make an ice age



Higuera et al. PNAS 2021

2000 Years of Rocky Mountain Wildfires



11,000 year mean

2007-2016 mean

Marsicek et al. 2018, Nature
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We’re moving into 
uncharted territory!!

11,000 Years of Temperature Change
2016: warmer than 99.4% of reconstructed  
values
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levels of 415 ppm

Te
m

pe
ra

tu
re

 (o
C)

Years Ago (x 1000)

CO
2

(p
pm

)

Currently, 415 ppm CO2

EPICA, Nature 2008

800,000 Years of CO2



Old Faithful 
stopped during 
a megadrought 
in 1233-1362



Since 1950, it’s gotten 2.8oF warmer.

Montana, Climate Division 4 Average Temperature
January-December

1900-2020 Mean: 42.1°F
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Since 1950, April 1 snowpack 
has decreased by 20-80% in MT.

Credit: Jackson Rohleder / MTFP



Spring Fall

Winter Summer

Since 1950, the season of precipitation has changed.



https://droughtmonitor.unl.edu/DmData/TimeSeries.aspx

Since 2000, two prolonged droughts in central Montana



Long-term
• Recent temperatures: high or higher than any period in the last 20,000 years
• Recent drought: less severe than other droughts in the past
• Recent CO2 levels higher than any period in the last 3.3 million years
Since 1950
• Significant warming, less snowfall, earlier snowmelt and runoff
• Season of precipitation has changed.
• 21st century droughts lasting multiple years.

LONG-TERM & RECENT CLIMATE CHANGE
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Annual Temperatures by Mid-Century

4.5°F increase 6°F increase

(minimum: 2.7°F, maximum: 6.1°F, 
model agreement: 100%)

(minimum: 4.0°F, maximum: 8.2°F, 
model agreement: 100%)

RCP 4.5 (2040-2060) RCP 8.5 (2040-2060)



Monthly Temperatures

Greater warming in:
Winter: 4 to 5°F
Summer: 5 to 5.5°F

Winter: 5 to 7°F
Summer: 6 to 7.5°F

(100% model agreement)

RCP 4.5 (2040-2060)

RCP 8.5 (2040-2060)



Increased days >90°F
(up to 35 additional days)

RCP 4.5 (2040-2060)

RCP 8.5 (2040-2060)

Rising Temperatures exacerbate Drought



Monthly Precipitation 

Increases in winter, spring, and fall 
(>85% model agreement)

Decreases in summer 
(65% model agreement)

RCP 4.5 (2040-2060)

RCP 8.5 (2040-2060)



Snow-to-rain Transition in Greater Yellowstone (RCP4.5)
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Projected increase 
in flow, 15-25 days 

earlier

Projected decrease in 
flow

Snowmelt-dominated 
rivers in the western & 
north-central Montana

Streamflow Projections—Clarks Fork



CLIMATE PROJECTIONS FOR CENTRAL MT

Warming of 4-6oF by 2040; as much as 10-11oF by 2100
Greater proportion of precipitation as rain instead of snow
Snowmelt & runoff earlier in spring, water shortages in summer
More 30+ days over 90oF and less days below freezing

credit: www.visitmt.com/



Yale Program on Climate Change Communication

Estimated % of adults who think global warming is happening



Estimated % of adults who think global warming will affect them


