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The unequivocal detection of the enhanced 
greenhouse effect from observations is not 

likely for a decade or more

Most of the observed increase in globally 
averaged temperatures since the mid-20th 
century is very likely due to the observed 

increase in anthropogenic greenhouse gas 
concentrations

It is extremely likely that human influence has 
been the dominant cause of the observed 

warming since the mid-20th century

The balance of evidence suggests a discernible 
human influence on global climate

There is new and stronger evidence that most 
of the warming observed over the last 50 years 

is attributable to human activities

It is unequivocal that human 
influence has warmed the 

atmosphere, ocean, and land

The arc of history…
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Natural and human fingerprints on climate
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Internal consistency of fingerprint evidence
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Surface temperature

Atmospheric  temperature

Tropopause height

Atmospheric water vapor

Ocean heat content

Snowpack depth

Cloud properties

Seasonal cycle of tropospheric temperature

Runoff

Seasonal cycle of ocean surface temperature

SST changes in hurricane formation regions

Drought properties

Changes in these and many other climate 
variables are internally and physically 
consistent (and independently monitored)
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Theory and early modeling
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SYUKURO MANABE AND RICHARD T. WETHERLAND

Geophysical Fluid Dynamics Laboratory, ESSA, Washington, D.C.

(Manuscript received 2 November1966)

Stratospheric cooling

Tropospheric warming
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“Vertical fingerprinting” with satellite temperature data
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Source of weighting function information: Carl Mears and Cheng-Zhi Zou. Graphic: Steve Po-Chedley 
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CEDAR/ITM Workshop. June 12, 2024
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Data
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Temperature trend over 
1986 to 2024

Source: Santer et al., PNAS (2023; updated)

Stratosphere

Troposphere



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 Satellite data

Trend, °C/decade, 1986-2024

0.0 0.2 0.4 0.6 0.8−0.2−0.4−0.6−0.8

Cooling Warming
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▪ Imagine a world in which humanity had, as early as 1860, the capability to 
accurately measure global changes in tropospheric and stratospheric 
temperature from space

▪ When could we have first detected, with high confidence, a “discernible human 
influence” on global climate?

A simple thought experiment

8
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A simple thought experiment
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Global-mean stratospheric temperature changes: 1860 to 
2024 
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1920 1940 1960 1980 2000 2020

Blue = Satellite data
Red = Trend in data
Black = Model average

Volcanic eruptions

KR = Krakatoa
SM = Santa Maria
NO = Novarupta
AG = Agung
FU = Fuego
EC = El Chichón
PI = Pinatubo
HT = Hunga Tonga

1860 1880 1900
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Early CO2 and stratospheric temperature changes

Solar
max

Solar
max

Solar
max
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max

Carbon dioxide
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Early emergence of stratospheric cooling

1860 to 1882 1920 to 1959 1994 to 2024

Dimensionless

Cooling Warming

12
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Calculating fingerprint detection times
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Calculating fingerprint detection times
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Why?

Human fingerprint Natural variability pattern 1 Natural variability pattern 2

(Dimensionless)

WarmingCooling

Source: Santer et al., PNAS (2023) 15
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Bottom line

16

Stratosphere
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Stratosphere

The most severe reductions target NASA’s Science Mission Directorate 
(SMD), which faces a 47 percent funding cut. The Planetary Society 
warns the proposal would deliver “an extinction-level event” to 
NASA’s science efforts.


	Opening Segment
	Slide 0
	Slide 1: The arc of history…
	Slide 2: Natural and human fingerprints on climate
	Slide 3: Internal consistency of fingerprint evidence
	Slide 4: Theory and early modeling
	Slide 5: “Vertical fingerprinting” with satellite temperature data
	Slide 6: Data
	Slide 7
	Slide 8: A simple thought experiment
	Slide 9: A simple thought experiment
	Slide 10: Global-mean stratospheric temperature changes: 1860 to 2024 
	Slide 11: Early CO2 and stratospheric temperature changes
	Slide 12: Early emergence of stratospheric cooling
	Slide 13: Calculating fingerprint detection times
	Slide 14: Calculating fingerprint detection times
	Slide 15: Why?
	Slide 16: Bottom line
	Slide 17


