Ben Santer, Susan Solomon, David
Thompson, Qiang Fu, and Yaowei Li

On human fingerprints of climate change susan. Kores

July 18t, 2025



The arc of history...

or a decade or more

ce of evidence suggests a discernible
an influence on global climate

is attributable to human activities

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

warming since the mid-20

It is unequivoc

atmosphere, o




' Natural and human fingerprints on climate
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' Internal consistency of fingerprint evidence

Surface temperature SST changes in hurricane formation regions
Atmospheric temperature Seasonal cycle of tropospheric temperature
Tropopause height Seasonal cycle of ocean surface temperature

Ocean heat content
Changes in these and many other climate

Snowpack depth variables are internally and physically

consistent (and independently monitored)
Runoff

Cloud properties



_Theory and early modeling

Thermal Equilibrium of the Atmosphere with a
Given Distribution of Relative Humidity

SYUKURO MANABE AND RICHARD T. WETHERLAND

Geophysical Fluid Dynamics Laboratory, ESSA, Washington, D.C.
(Manus cript received 2 November1966)




- “Vertical fingerprinting” with satellite temperature data

Altitude (km)

Weight

Source of weighting function information: Carl Mears and Cheng-Zhi Zou. Graphic: Steve Po-Chedley



' Data

Troposphere

Temperature trend over
1986 to 2024

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



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
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. Asimple thought experiment

= 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?



. Asimple thought experiment




Global-mean stratospheric temperature changes: 1860 to
2024

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

1860 1880 1900 1920 1940 1960 1980 2000 2020



' Early CO, and stratospheric temperature changes

Carbon dioxide



' Early emergence of stratospheric cooling

1860 to 1882 1920 to 1959 1994 to 2024

Dimensionless

< Cooling Warming =
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' Calculating fingerprint detection times

A8ygentrradd

Pattern similarity between fingerprint
and model data

Time (years)



' Calculating fingerprint detection times

Signal trend

Number of occurrences

36-year trends

Trend in noise and signal time series
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Human fingerprint

Natural variability pattern 1

Natural variability pattern 2

Height (km)
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' Bottom line




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.
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