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1. Climate fingerprinting

2. Event attribution

3. Satellite temperature data
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27,000 users, over 1,500 
users active per month, 

over 2.5 PB served 

The arc of history bends towards increased scientific 
understanding of human effects on climate

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

likely for a decade or more

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

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
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 Basic idea: 

- Different influences on climate have different characteristic signatures

- Signatures are easier to discern if scientists study patterns (“fingerprints”)

What is “climate fingerprinting”?
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The power of fingerprinting 

4
Figure courtesy of Berkeley Earth. http://berkeleyearth.org/wp-
content/uploads/2021/01/2020_Global_Time_Series-1.png  

“2020 is estimated to have been 1.27°C 
(2.29°F) above the average temperature 
of the late 19th century”
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Satellite data show a temperature fingerprint that is 
inconsistent with natural causes 
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Lower stratosphere 

Troposphere

Temperature trend over 1979 to 2020

Satellite 
observations 

(Santa Rosa, CA)

°C/decade

Figure from Santer et al., Proceedings of U.S. National Academy of Sciences, 2013 (updated) NASEM Workshop on Emerging Areas of Science, Engineering, and Medicine for the Courts. Feb. 24, 2021
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Surface Temperature 
Anomaly (°F)

Complementary evidence…
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Total Solar Irradiance 
(TSI; W/m2)

Year

1362

1361

1360

1363
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 Climate scientists have identified human “fingerprints” in many different 
aspects of the climate system – not just in temperature

Human fingerprints on climate are ubiquitous

7

 Changes in different climate variables are physically and internally consistent, 
and are independently monitored with a wide range of instruments 

Atmospheric Circulation Hydrological Cycle Snow and IceTemperature
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1. Climate fingerprinting

2. Event attribution

3. Satellite temperature data

P
h

o
to

 b
y 

C
o

lin
 M

o
n

te
at

h
/M

in
d

en
 P

ic
tu

re
s

NASEM Workshop on Emerging Areas of Science, Engineering, and Medicine for the Courts. Feb. 24, 2021



LLNL Ambassador Lecture Series

Event attribution: The case of the 2003 European 
summer heatwave

Stott et al., Nature, 2004

Risk (rate of occurrence per 1,000 years)
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Return period (years) Histogram of return periods without 
human-caused climate change

Histogram of return periods with 
human-caused climate change

We estimate it is very likely (confidence 
level >90%) that human influence has at 
least doubled the risk of a heatwave 
exceeding this threshold magnitude. 
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Risser and Wehner, 2017: Human-caused intensification 
of hurricane rainfall

Station data Smoothed station data Advanced Hydrologic 
Prediction Service

Risser and Wehner, GRL, 2017. Precipitation total (mm) for the Houston, Texas region from 
25 to 31 August 2017. 

“…Anthropogenic climate change likely increased Hurricane Harvey’s
total rainfall by at least 19% with a best estimate of 38%”
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1. Climate fingerprinting

2. Event attribution

3. Satellite temperature data
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Satellite temperature data

12

“No significant global warming 
for the past 18 years” (*) 

*Source of quote: Senator Ted Cruz, U.S. Senate Committee on Commerce, Science and 
Transportation, “Data or dogma?” hearing, Dec.  8, 2015. Figure: Ben Santer NASEM Workshop on Emerging Areas of Science, Engineering, and Medicine for the Courts. Feb. 24, 2021
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Final points
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 Where and when is the hazard/harm likely to occur? Did it already occur?

 Scientific confidence in projected climate change hazard: 

- Is hazard robust across models?

- Is hazard physically interpretable?

- Is hazard readily observable? 

 Can we reliably estimate human contribution to the change in the hazard’s likelihood? 

 Are there reliable damage estimates for the hazard?

 Are key uncertainties well-quantified?

Climate change as hazard: Relevant legal issues and 
questions

14NASEM Workshop on Emerging Areas of Science, Engineering, and Medicine for the Courts. Feb. 24, 2021
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Ben Santer
santer1@llnl.gov

Image: https://www.nasa.gov/content/a-portrait-of-global-winds
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