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Event 1: Chamonix, 1977
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Event 2: Madrid, 1995
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The balance of 
evidence suggests 
a discernible 
human influence 
on global climate.

CCL meeting. Oct. 12, 2021
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27,000 users, over 1,500 
users active per month, 

over 2.5 PB served 
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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 bends towards increased scientific 
understanding of human effects on climate

CCL meeting. Oct. 12, 2021
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§ Improved (and more) climate models

§ Better understanding of “forcings” that affect climate

§ Improved (and longer) observed climate records

§ Community-wide analysis of climate model results

§ Infrastructure for sharing climate model output

§ “Climate fingerprinting”

How was scientific progress made?

6CCL meeting. Oct. 12, 2021
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§ Basic idea: 

- Different influences on climate have different signatures

- Signatures are easier to discern in patterns (“fingerprints”)

What is “climate fingerprinting”?

7

- 1 . 2

- 1

- 0 . 8

- 0 . 6

- 0 . 4

- 0 . 2

0

0 . 2

0 . 4

0 . 6

0 . 8

1

1 . 2

E q 3 0S 6 0S 9 0S9 0N 6 0N 3 0N

1 0

1 0 0

1 0 0 0
7 0 0
5 0 0

2 0 0
3 0 0

2 5

5 0 2 0

1 6

2 4

4

2 8

8

1 2

- 1 . 2

- 1

- 0 . 8

- 0 . 6

- 0 . 4

- 0 . 2

0

0 . 2

0 . 4

0 . 6

0 . 8

1

1 . 2

E q 3 0S 6 0S 9 0S9 0N 6 0N 3 0N

1 0

1 0 0

1 0 0 0
7 0 0
5 0 0

2 0 0
3 0 0

2 5

5 0 2 0

1 6

2 4

4

2 8

8

1 2

- 1 . 2

- 1

- 0 . 8

- 0 . 6

- 0 . 4

- 0 . 2

0

0 . 2

0 . 4

0 . 6

0 . 8

1

1 . 2

E q 3 0S 6 0S 9 0S9 0N 6 0N 3 0N

1 0

1 0 0

1 0 0 0
7 0 0
5 0 0

2 0 0
3 0 0

2 5

5 0 2 0

1 6

2 4

4

2 8

8

1 2

- 1 . 2

- 1

- 0 . 8

- 0 . 6

- 0 . 4

- 0 . 2

0

0 . 2

0 . 4

0 . 6

0 . 8

1

1 . 2

E q 3 0S 6 0S 9 0S9 0N 6 0N 3 0N

1 0

1 0 0

1 0 0 0
7 0 0
5 0 0

2 0 0
3 0 0

2 5

5 0 2 0

1 6

2 4

4

2 8

8

1 2

- 1 . 2

- 1

- 0 . 8

- 0 . 6

- 0 . 4

- 0 . 2

0

0 . 2

0 . 4

0 . 6

0 . 8

1

1 . 2

E q 3 0S 6 0S 9 0S9 0N 6 0N 3 0N

1 0

1 0 0

1 0 0 0

2 0 0
3 0 0

5 0

7 0 0
5 0 0

2 5

2 0

1 2

4

1 6

2 4

8

2 8

The Sun Greenhouse gases Sulfate pollution Volcanoes Ozone

- 1 . 2

- 1

- 0 . 8

- 0 . 6

- 0 . 4

- 0 . 2

0

0 . 2

0 . 4

0 . 6

0 . 8

1

1 . 2

E q 3 0S 6 0S 9 0S9 0N 6 0N 3 0N

1 0

1 0 0

1 0 0 0
7 0 0
5 0 0

2 0 0
3 0 0

2 5

5 0 2 0

1 6

2 4

4

2 8

8

1 2

Warming (°C)Cooling (°C)

He
ig

ht
 (k

m
)

North Pole South Pole



LLNL Ambassador Lecture Series

Hasselmann: The power of patterns

8

Klaus Hasselmann

K. Hasselmann, Meteorology over the Tropical Oceans, 1979 CCL meeting. Oct. 12, 2021
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Using patterns to discriminate between human and 
natural effects on climate

9

Human fingerprint Natural climate variability

Pattern amplitude Pattern amplitude

Lower tropospheric temperature in CMIP5 models. From B.D. Santer et al., PNAS, 2019. CCL meeting. Oct. 12, 2021
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The power of fingerprinting 

10Figure 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”

CCL meeting. Oct. 12, 2021
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Testing claims that the surface warming of the last 140 
years is all due to changes in the Sun
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Satellite data don’t fit the hypothesis that changes in the 
Sun explain global warming 

12

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) CCL meeting. Oct. 12, 2021
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This “human influence” fingerprint on atmospheric 
temperature was predicted over 50 years ago

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.
(Manuscript received 2 November1966)

CCL meeting. Oct. 12, 2021
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Moving beyond fingerprinting with temperature: the 
case of atmospheric water vapor

14
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Human fingerprint Natural climate variability

CCL meeting. Oct. 12, 2021
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What was the purpose of the 1995 IPCC meeting in 
Madrid?
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Lessons learned from 
MadridO
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Lesson 1: Speak science to power

16Image from NBC Universal CCL meeting. Oct. 12, 2021
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Lesson 2: Declare your values

CCL meeting. Oct. 12, 2021


