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Information of the future comes from 

knowledge of climate physics

Image: NASA, MPI
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Manabe’s climate predictions relied on 

applying physical laws to large-scales

Nobel committee

Radiation
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NASA

Increased CO2 leads to global-mean 

cooling above, warming below

Manabe & Weatherald (1967)
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NASA

Surface warming sensitive to assumptions 

about moisture and clouds

Manabe & Weatherald (1967)
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Turning down the sun leads to global-mean 

cooling at all altitudes

Physical Complexity

Manabe & Weatherald (1975)Stouffer, Manabe & Weatherald (1989)
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Manabe’s climate predictions also provide 

insight into intervention

Nobel committee

Radiation

Convection

Stratospheric 

aerosol would 

reflect sunlight
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Climate predictions rely on the application 

of physical laws to large-scales

Physical Complexity

Manabe & Weatherald (1975)Stouffer, Manabe & Weatherald (1989)
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Manabe & Weatherald (1967)

Physical Complexity
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Climate predictions rely on the application 

of physical laws to large-scales

Physical Complexity

Manabe & Weatherald (1975)Stouffer, Manabe & Weatherald (1989)
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Manabe & Weatherald (1967)

Physical Complexity

Manabe & Weatherald (1975)Stouffer, Manabe & Weatherald (1989)
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Climate predictions rely on the application 

of physical laws to large-scales
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Predicted signals have emerged across 

many regions and seasons

Stouffer & Manabe (2017)

Land warms more 
than ocean

Southern Ocean Cooling

Arctic warms the most



60 years later many modeling centers 

around the world make climate predictions

Probablefutures.org



Source: HADCRUT5 (Met Office). 

]
Observed Warming

+2 ºF

Observed global warming is around 2F



Source: Modeled natural changes from FAQ 3.1, Figure 1 in IPCC, 2021: Chapter 3. The Physical Science Basis. Observed warming is HADCRUT5.

Climate predictions show observed warming 

does not occur without human emissions



Source: Modeled human + natural changes from FAQ 3.1, Figure 1 in IPCC, 2021: Chapter 3. The Physical Science Basis. Observat ions are HADCRUT5.

Climate predictions show observed warming 

does not occur without human emissions



As Earth warms more and more 
regional predictions are being 

compared to real world changes



Cold waves 
have become 
less cold.



Climate predictions with human influence 

capture increase of coldest land temperature

Model Predictions

Fewer cold extremes

Blackport et al. (2024)

Real world

Fewer cold extremes

Coldest temperature over NH Land



Temperature extremes increase following an 

increase of the average



NOAAPhoto by Kristopher Radder/Brattleboro Reformer via AP

Extreme 
rainfall has 
increased. 



Climate predictions capture increase of 

European rainfall extremes

Real world

More rainfall extremes

Fischer & Knutti (2016)



Climate predictions capture increase of 

European rainfall extremes

Real world
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More rainfall extremes

Fischer & Knutti (2016)



1C increase = 

7% more water vapor
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Regional discrepancies have also emerged

Shaw et al. (2024, Frontiers Climate)

Walker 

circulation



Sea surface temperature discrepancy

Wills et al (2022, GRL)

Real world
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Sea surface temperature discrepancy

Wills et al (2022, GRL)
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Discrepancy in drying trends over US 

Southwest

Real world Drying

Model Predictions 

Moistening
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Dunn et al. (2017, ESD), Simpson et al (2024, PNAS)



“In recent decades, wildfires in the western United States have become larger, hotter, and more destructive and deadly 
due to a suite of factors, including climate change.” -US Fifth National Climate Assessment

Wildfires in the United 
States

Wildfires in US are trending up, but climate 

change connection remains uncertain



Landscape of regional climate information

Knowledge

Tied to a chain of reasoning

Multiple lines of evidence

Successful predictions

Knowledge gap

Discrepancies

Failed predictions?

Risk assessment



Need to bridge the gap between information 

and knowledge for regional climate prediction

Held (2005), Emanuel (2020)



We need to fill knowledge gaps related to 

coupling between climate system components

Physical Complexity

Aquaplanet, 

prescribed SST

Atmosphere, land, 

ice, prescribed SST

Atmosphere, 

ocean, land, ice

Atmosphere-land coupling Atmosphere-ocean coupling

Shaw et al. (2016, Nat. Geosc.), Jeevanjee et al. (2017), Maher et al. (2019)



We need to fill knowledge gaps related to the 

coupling between large and small scales

Shaw & Stevens (2025, to appear)

Application of 

physical laws to 

large-scales

Assume large-

scales determine 

small-scales



Knowledge gaps do not justify inaction

IPCC AR6 WG1 Fig. SPM10
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