
New Developments in “Fingerprint” Studies with 

Atmospheric Temperature

Ben Santer

University of East Anglia, Norwich, U.K.

MIT Global Change Forum

March 27th, 2026

Signal trend

Noise trends

Stratosphere

Troposphere



LLNL Ambassador Lecture Series

Vertical fingerprinting: Origins
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Manabe’s ”vertical fingerprint” is in the satellite 
temperature data
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Temperature trend over 
1986 to 2025

Source: Santer et al., PNAS (2023; updated)
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Pattern-based “fingerprint” methods
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Human fingerprint

Pattern-based “fingerprint” methods
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“Vertical fingerprint” results

40-year trend in pattern similarity
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“Vertical fingerprint” results

Virtually impossible to obtain 
fingerprint match with satellite 

data by natural variability
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Why is fingerprint detection so clear?

Human fingerprint Natural variability pattern 1 Natural variability pattern 2

(Dimensionless)

WarmingCooling

Source: Santer et al., PNAS (2023) 7



The human-caused “vertical fingerprint” is robust across a range of climate models

Model 1 Model 2 Model 3 Model 4

Model 5 Model 6 Model 7 Model 8

Model 9

Trend, °C/decade, 1986-2025
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When could we have found this fingerprint in 
atmospheric temperature? 
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When could we have known?
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Bottom line finding of the thought experiment
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 Release of the U.S. Dept. of Energy Climate Working Group Report 

 July 29, 2025 

Vertical fingerprinting in the DOE report
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Foreword from Secretary of the U.S. 
Dept. of Energy, Chris Wright



LLNL Ambassador Lecture Series

 “A combination of tropospheric warming and stratospheric cooling is a 
commonly cited “fingerprint” of anthropogenic climate change. Stratospheric 
warming since 2000 coincides with continued surface and tropospheric warming, 
a pattern that is not found in climate model simulations and is not apparently 
consistent with the anthropogenic fingerprint” (Section 5.5 of DOE report)

What does the July 2025 DOE report say about “vertical 
fingerprinting”?
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There isn’t “stratospheric warming since 2000” in the 
middle to upper stratosphere!

Blue = Satellite data
Black = Model average

Stratosphere (40-50 km) 

Stratosphere (35-40 km) 

Stratosphere (25-35 km) 
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The DOE report claim that the stratosphere has been 
warming since 2000 relates to the lower stratosphere

Blue = Satellite data
Black = Model average

Lower stratosphere (15-20 km) 

The DOE report’s claim that stratospheric warming
since 2000 invalidates all “vertical fingerprint” studies
is verifiably false!
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 Changes in the vertical structure of atmospheric temperature are a key piece of 
evidence for human effects on global climate

 This “fingerprint” was predicted nearly 60 years ago

 It has been identified with high confidence in weather balloon and satellite 
temperature data

 A recent U.S. Dept. of Energy report claims that this human influence fingerprint 
is inconsistent with data

 The DOE claims are verifiably false

Summary
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