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A signal in scientific understanding: Evolving evidence of a 
discernible human influence on global climate  

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

“Human influence has been detected in warming of 
the atmosphere and the ocean, in changes in the 
global water cycle, in reductions in snow and ice, in 
global mean sea level rise, and in changes in some 
climate extremes... 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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1.  “Basic physics” evidence 
  Physical understanding of the climate system and the heat-trapping 

properties of greenhouse gases 

2.  Circumstantial evidence  
  Qualitative agreement between model predictions of human-caused climate 

changes and observations (ocean and land warming, sea level rise, etc.)  

3.  Paleoclimate evidence 
  Temperature reconstructions enable us to place the warming of the 20th 

century in a longer-term context 

4.  Fingerprint evidence 
  Pattern-based comparisons between model and observed climate changes 

Multiple lines of evidence on which “discernible human 
influence” conclusions are based 
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Structure of talk 

  What is climate fingerprinting? 

  A brief history of fingerprint research 

  Example: Fingerprinting with atmospheric temperature changes 

  The future: Projected changes in temperature and sea level  

  Conclusions 
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Structure of talk 

  What is climate fingerprinting? 

  A brief history of fingerprint research 

  Example 1: Fingerprinting with atmospheric temperature changes 

  Example 2: Fingerprinting with changes in atmospheric moisture  

  Conclusions 
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  Strategy:  
Search for a computer model-predicted pattern of climate change (the 
“fingerprint”) in observed climate records 

  Assumption: 
Different influences on climate have different signatures in climate records 

  Method:  
Statistical techniques are applied to estimate the level of agreement between: 

  The fingerprint and observations 
  The fingerprint and estimates of climate noise 

  Why we use it: 
Allows tests of competing hypotheses about the causes of recent climate change  

What is “climate fingerprinting”? 
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How might fingerprinting help to address “It’s all the Sun” 
claims? 

http://www.ncdc.noaa.gov/sotc/service/global/lo-hem/201603.gif 
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A toy example of fingerprinting: Testing claims that all of 
the post-1950 surface warming is caused by the Sun 
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A toy example of fingerprinting: Testing claims that all of 
the post-1950 surface warming is caused by the Sun 



The “fingerprints” of changes in the Sun’s energy output 
and human-caused changes in greenhouse gases  

Source: Global Climate 
Change Impacts in the 
United States (Karl et al., 
2009; modified from 
Santer et al., Nature 
(1996) 

Changes in the Sun 



The “fingerprints” of changes in the Sun’s energy output 
and human-caused changes in greenhouse gases  

Source: Global Climate 
Change Impacts in the 
United States (Karl et al., 
2009; modified from 
Santer et al., Nature 
(1996) 

Changes in well-mixed 
greenhouse gases 

Changes in the Sun 
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We’ve understood the basic structure of the CO2 fingerprint 
on atmospheric temperature since the late 1960s 

Professor Suki Manabe, Princeton 
University 
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Suki Manabe: CO2 increases cause cooling of the 
stratosphere and warming of the troposphere 

“It is shown that the CO2 increase 
raises the temperature of the model 
troposphere, whereas it lowers that 
of the model stratosphere”. 
 
Suki Manabe and Dick Wetherald, 
Journal of the Atmospheric Sciences 
(1975) 
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A brief history of climate change detection and attribution 
research 

1.  Studies of global-mean temperature changes 

2.  Assessing pros and cons of different pattern recognition methods for 
identifying human-caused climate change 

3.  Using climate models to identify “canaries in the coal mine” 
  Find climate variables (and geographical locations) where human-caused climate signal 

is large and climate noise is low 

4.  Applying fingerprint methods to observed temperature data 

5.  Moving beyond “temperature only” detection and attribution studies 

6.  Event attribution and regional signal identification studies  
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Early pioneers in climate change detection and attribution 
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Structure of talk 

  What is climate fingerprinting? 

  A brief history of fingerprint research 

  Example: Fingerprinting with atmospheric temperature changes 

  The future: Projected changes in temperature and sea level 

  Conclusions 
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Example 1  

  Science question: Can we identify a human-caused latitude/altitude 
pattern of atmospheric temperature change (the “fingerprint”) in satellite 
data? 
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Satellite data and model “human influence” simulations show 
tropospheric warming and stratospheric cooling 
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Fingerprint detection explained pictorially…. 

Model HUMAN fingerprint 
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How do pattern similarity trends behave if there are no 
human effects on climate? 

Model HUMAN fingerprint 
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How large is the human-caused “signal” relative to the 
“noise” of natural variability? 

Santa Rosa observations 
Alabama observations 
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Why do we obtain consistent detection of a human-caused 
fingerprint?  
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Human fingerprints are evident in many different parts of 
the climate system   

https://www.ncdc.noaa.gov/sites/default/files/Ten-Indicators-of-a-Warming-World-third-National-Climate-Assessment.png 
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The future: Projected changes in global average surface 
temperature 

Source: Summary for 
Policymakers, IPCC 
Fi f th Assessment 
Report (2013) 

BLUE WORLD (“Enlightened humanity”)  

Global annual greenhouse gas emissions peak 
between 2010 to 2020, and decline thereafter 

Projected temperature increase: 

0.5°F to 3.1°F (2081-2100 relative to 1986-2005) 

RED WORLD (“Business as usual”)  

Global annual greenhouse gas emissions 
increase throughout the 21st century 

Projected temperature increase: 

4.7°F to 8.6°F (2081-2100 relative to 1986-2005) 

Historical 
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The future: Projected changes in sea level 

Source: Summary for Policymakers, IPCC Fifth Assessment Report (2013) 
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Irreversibility 

 
  “A large fraction of anthropogenic climate change resulting from 

CO2 emissions is irreversible on a multi-century to millennial time 
scale, except in the case of a large net removal of CO2 from the 
atmosphere over a sustained period” 

  ““It is virtually certain that global mean sea level rise will continue 
beyond 2100, with sea level rise due to thermal expansion to 
continue for many centuries” 

Source: Summary for Policymakers, IPCC Fifth Assessment Report (2013) 
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The long view… 

Source: Clark et al., Nature Climate Change (2016) 
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Conclusions and final thoughts 

  Climate scientists have identified human “fingerprints” in a number of different 
aspects of the climate system: 

  Temperature (land and ocean surface; stratosphere and troposphere; zonal-mean 
profiles through the atmosphere; upper 700 meters of the ocean; ocean heat content; 
height of thermal tropopause) 

  Atmospheric circulation (mean sea-level pressure, geopotential height) 

  Moisture-related variables (zonal-mean rainfall; surface specific humidity; total water 
vapor over oceans; continental runoff; clouds) 

  The cryosphere (Arctic sea-ice extent) 

  The climate system is telling us a physically- and internally-consistent story 

  Many scientists – at research institutions and universities around the world – 
have helped to tell this story 
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Making progress  

“Real action on reducing emissions of greenhouse gases won’t be 

achieved by scientists alone, and by piling on more scientific 

evidence. Real action requires the educators; the translators of 

science into plain English. It requires politicians who understand 

that the hard reality of human-caused climate change will always 

trump ideology. It requires a scientifically-savvy electorate. It 

requires religious leaders, facilitators of constructive dialogue, and 

reporters who seek more than false balance. It requires the 

advocates for future generations, for those who are not yet here 

to speak for themselves”. 
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In the real world, there is no control run 

Japanese artist Azuma Makoto attached a bonsai tree to a balloon and launched it into the upper 
layers of the atmosphere (see http://www.nature.com/news/365-days-images-of-the-year-1.16574) 
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EXTRA SLIDES 

EXTRA SLIDES 



The best part of the scientific journey: The friends you meet 
along the way 



The best part of the scientific journey: The friends you meet 
along the way 
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Future directions in fingerprint research: Predictions 
made in 2007*  

1.  We will have some form of “operational attribution” capability 

2.  Fingerprint studies will use information from large, multi-model ensembles 

3.  Structural uncertainties in observations will become part of fingerprint research 

4.  We will have formally identified anthropogenic fingerprints: 

  At sub-continental spatial scales 

  In variables more relevant to climate impacts 

  In plant and animal distributions and abundances 

5.  Fingerprinting will be feasible with short (< 30-year) observational records   

*From a 2007 presentation to the American Statistical Association 
(“A Statistical Consensus on Global Warming”) 



Are fingerprint results affected by the use of “better” 
climate models?  

  Not all climate models are of equal quality 

  Is it a model democracy (“One model, one vote?”) Or should we pay 
more attention to “better” models? 

  How should we select “better” climate models?  
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ADDITIONAL SLIDES 

COOLING OF THE 
UPPER 
ATMOSPHERE 
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Suki Manabe: CO2 increases cause cooling of the 
stratosphere and warming of the troposphere 

“The larger the mixing ratio of carbon dioxide, 
the warmer is the equilibrium temperature of 
the Earth’s surface and troposphere”. 
 
“The larger the mixing ratio of carbon dioxide, 
the colder is the equilibrium temperature of 
the stratosphere” 
 
Suki Manabe and Dick Wetherald, Journal of 
the Atmospheric Sciences (1967) 



Extension of vertical fingerprint research to upper 
stratosphere 

8/18/15 Figure from Thompson et al., 
Nature (2014) 

 
  Cooling in the mid- to upper stratosphere 

(~25 to 50 km) is a direct radiative 
response to human-caused CO2 increases 

  Temperature changes in this region of the 
atmosphere have been excluded from all 
previous “vertical fingerprint” studies 

  Previous fingerprint studies relied on 
radiosonde and MSU temperature data 
sets, which have an effective upper limit 
of ca. 25 km     

A
no

m
al

y 
(°

C
) 

A
no

m
al

y 
(°

C
) 

A
no

m
al

y 
(°

C
) 

A
no

m
al

y 
(°

C
) 



52 

Cooling of the stratosphere 

  A significant portion of the observed stratospheric cooling is also due to 
human-emitted greenhouse gases like carbon dioxide and methane.  

  One way to think about the problem is that the amount of infrared heat 
energy radiated out to space by a planet is roughly equal to the amount 
of solar energy it receives from the sun. If the surface atmosphere 
warms, there must be compensating cooling elsewhere in the 
atmosphere in order to keep the amount of heat given off by the planet 
the same. As emissions of greenhouse gases continue to rise, their 
cooling effect on the stratosphere will increase.  
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Cooling high up in the atmosphere 

  Greenhouse gases have also led to the cooling of the atmosphere at 
levels higher than the stratosphere. Over the past 30 years, the Earth's 
surface temperature has increased 0.2-0.4 °C, while the temperature in 
the mesosphere, about 50-80 km above ground, has cooled by 5-10°C 
(Beig et al., 2006).  

  There is no appreciable cooling due to ozone destruction at these 
altitudes, so nearly all of this dramatic cooling is due to the addition of 
greenhouse gases to the atmosphere. Even greater cooling of 17°C per 
decade has been observed high in the ionosphere, at 350 km altitude. 
This has affected the orbits of orbiting satellites, due to decreased drag, 
since the upper atmosphere has shrunk and moved closer to the surface 
(Lastovicka et al., 2006). The density of the air has declined 2-3% per 
decade the past 30 years at 350 km altitude.  



Estimating signal-to-noise ratios with internal and “total” 
natural variability 
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The next generation of “detectors” 

Professor Gabi Hegerl, Edinburgh 
University  

Professor Myles Allen, Oxford 
University 
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The next generation of “detectors” 

Dr. Peter Stott, U.K. Meteorological 
Office Hadley Centre  

Dr. Francis Zwiers, Canadian Centre 
for Climate Modelling and Analysis 
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Summary of results from example 1 

 
  A human-caused latitude/altitude pattern of atmospheric temperature 

change is consistently identifiable in satellite data  

  This “fingerprint” of tropospheric warming and stratospheric cooling can 
be discriminated from the background noise of: 

  Internal climate variability 

  “Total” natural variability 

  Natural causes cannot produce sustained, global-scale tropospheric 
warming and stratospheric cooling 

  Our significance testing framework is conservative 
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Summary of results from example 2 

  A human-caused “fingerprint” of changes in atmospheric water vapor is 
consistently identifiable in satellite observations, despite differences in 
climate model quality  

  Consistent fingerprint identification occurs because the fingerprint is:  

  Similar to satellite observations 

  Different from the leading modes of natural internal variability 

  Strongly influenced by simple physical mechanisms that are well-
represented in models  
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“The Detectors” at the Royal Society in London 

IPCC 2 IPCC 3 

IPCC 4 

IPCC 5 
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The dominant patterns of internal and “total” natural 
variability do not look like the human fingerprint 
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