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Source: IPCC Report 2007, p. 101. 

Global mean temperature change 

1897: Svante Arrhenius 
calculates global warming 
caused by CO2 emissions 



1937: Guy Callendar 
calculates global warming 
caused by CO2 emissions 

Global mean temperature change 

Source: IPCC Report 2007, p. 101. 



Global mean temperature change 

Source: IPCC Report 2007, p. 101. 

1965: Global 
warming mentioned 
in official report 
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1.  Vejen til klimamodelering 

Regional temperature change until 2100 



    Description of the atmosphere by six differential 
equations  

Vilhelm Bjerknes 



•  Definition of a grid 

Lewis Fry Richardson 

Richardsons early calculations 

•  „numerical“ solutions 



Illustration of a „Forecast-Factory“ 



John von Neumann‘s vision: the computer as a 
powerful scientific tool 

John von Neumann Computer ENIAC 



•  Numerical solution of 
much simplified 
Bjerknes equations 
for weather 
calculation 

John von Neumann‘s team for the development 
of numerical weather prediction 

•  Simple weather model 
running on the 
computer ENIAC 



Evolution of the quality of numerical weather prediction 



•  „Numerical 
experiments“ as a 
new and powerful 
research strategy 
(„experimentation 
on the computer“) 

•  Simplified climate 
model (first version 
of a GCM) 

Norman 
Phillips 

Norman Phillips‘ simulation experiment (1955) 



British meteorologist Eric Eady (1956): 
 
“Numerical integrations of the kind Dr. Phillips has 
carried out give us a unique opportunity to study large-
scale meteorology as an experimental science” (quoted 
in Lewis 2000: 117). 

Atmospheric and climate modeling as an 
experimental science 



(Source: Edwards 2001) 

GCM family tree 



Increasing 
complexity of 

climate models 

(Source: IPCC 
Report 2007, 99) 

1990 1995 

2001 2007 



SCEP and SMIC reports for the UN Conference on the 
Human Environment 1972 in Stockholm 



Kellogg (1971, p. 123): 
“there is the haunting realization 
that man may be able to change 
the climate of the planet Earth. 
This, I believe, is one of the 
most important questions of our 
time, and it must certainly rank 
near the top of the priority list in 
atmospheric science.” 

Kellogg: “Predicting the Climate” (1971) 

William Kellogg 



Schneider: „The Genesis Strategy“ (1976) 

“Unfortunately, for the task of estimating the potential 
impact of human activities on climate the models are just 
about the only tools we have. Should we ignore the 
predictions of uncertain models? … I think not – a political 
judgment, of course” (p. 147-48). 

Stephen 
Schneider 



“The real problem is: If we choose to wait for more 
certainty before actions are initiated, then can our models 
be improved in time to prevent an irreversible drift toward 
a future calamity? (…) This dilemma rests, 
metaphorically, in our need to gaze into a very dirty 
crystal ball; but the tough judgment to be made here is 
precisely how long we should clean the glass before 
acting on what we believe we see inside” (p. 149). 

Schneider: „The Genesis Strategy“ (1976) 



Edward Lorenz’ criticism 

•  The atmosphere is a 
chaotic system 

•  Climate models are much 
too stable 

•  It is not at all certain that 
deterministic modeling of 
climate change due to 
changes of CO2 
concentrations is possible. 

Edward Lorenz 



Kellogg’s response to Lorenz 

„It can be seen, then, that there is an entire hierarchy 
of models of the climate system … It is reassuring to 
see that, when we compare the results of experiments 
with the same perturbations … but using different 
models, the response is generally found to be either 
about the same or differs by an amount that can be 
rationalized in terms of recognized model differences 
or assumptions“ (p. 9). 

WMO Report 1977: 



Kellogg’s response to Lorenz 

„Of course, it is possible that all our models could be 
utterly wrong in the same way, giving a false sense of 
confidence, but it seems highly unlikely that we 
would still be so completely ignorant about any 
dominant set of processes … (Kellogg 1977, p. 9; 
my emphasis). 

WMO Report 1977: 



2. Computermodeller i klimaforskning og  
    deres usikkerheder 

•  Mathematical 
limits 

•  Limits of computer 
power 

•  Opacity of models 

•  Invisibility of 
uncertainty 

Limits of complex 
models: 



Limits of mathematics and computer power 

•  Limited spatial resolution 

•  Numerical techniques 

•  Simplification of equations 

•  Parameterizations (e. g. 
subgrid-phenomena like  
clouds) 

Richardson‘s grid 



Model „validation“  

Fitting experiments by James Hansen (1981) 



(Source: 
IPCC Report 
2007, p. 98) 

IPCC projections with ensemble simulations 



A large number of  
complex scientific problems 
can not be treated without 

computer models 
Computer simulation 
serves for prediction 

Computer  
simulation serves for 

experimentation 

3. Konklusioner 



Observation Theory 

Traditional conception of science 



Theory 

Computer models 
and simulation 

Observation Theory 

New conception of science 



Can we trust in climate simulation? 

YES … 

•  Observation of recent temperature increase 

•  Observation of increased GHG concentrations 

Anthropogenic climate change is highly likely 

•  There is considerable trust in climate 
simulation, because many different pieces of 
information fit 



Can we trust in climate simulation? 

BUT … 

•  Predictions of precipitation changes are less 
reliable than predictions of temperature 

•  Future projections are unreliable! 

•  Regional predictions are much less reliable 
than global predictions 
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Thank you for your attention! 
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4. Conclusion: Practices, Uncertainty and Trust 

Example 2: The changes of IPCC projections 



4. Conclusion: Practices, Uncertainty and Trust 

Example 2: The changes of IPCC projections 

FAR 1990 



4. Conclusion: Practices, Uncertainty and Trust 

Example 2: The changes of IPCC projections 

SAR 1995 



4. Conclusion: Practices, Uncertainty and Trust 

Example 2: The changes of IPCC projections 

TAR 2001 


