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Warming is unequivocal, that's 

true. But that's not a sophisticated 

question. A much more 

sophisticated question is how much 

of the climate Ma Earth, a perverse 

lady, gives us is from her, and how 

much is caused by us. That's a 

much more sophisticated, and 

much more difficult question. 

"I keep arguing, don't be too arrogant about 

the belief in your models; what you do is 

make projections, and then you crank a knob 

to try to avoid the more catastrophic 

outcomes or the outcomes that don't match 

your values, but we better be reflexive". 

Stephen Schneider, 1945-2010 



S.Arrhenius predicted global warming by 
greenhouse gases in 1896 

An increase of atmospheric concentration of CO2 of 300ppm  

causes a global surface waring of about 1 K, 

when everything else remains unchanged 

 

The climate reacts to the warming. cloud cover, sea-ice, ocean currents, 

atmospheric flow, etc. all of the change with warming, 

enhancing or weakening the initial warming. These the feedbacks. 

 

 

Feedbacks are very difficult to simulate correctly .  

Before looking into a few examples, we need first to understand of a climate 

model is 



The Earth's energy balance 

2 x CO2 ~ 4  





Forced and unforced climate variations 

Forced variations: 
 

- Also denoted as  External Variations or Climate 

Change 

 

- Modulated by the external forcing  (e.g. solar 

insolation at the top of the atmosphere, GHG 

concentrations) 

 

-Theoretically, their time development 

 and amplitude can be predicted 

 

- Present at all timescales 

Define our system of study,  
e.g. atmosphere-ocean-sea-ice 

Unforced variations: 
 

-Also denoted Internal, Random, or Stochastic 
Variations 
 
- Caused by non-linear interactions within the 
system, e.g. hydrodynamic turbulence, 
atmosphere-ocean interactions) 
 
-Time evolution or amplitude not predictable 
beyond a certain time range. In practice,  not 
predictable and only statistically describable 
 
-Paramount example: ENSO 
 
-Probably smaller at long time scales and 
large spatial scales 
 

 
- Both cannot be separately observed 

- Unforced variations alone can be simulated; isolated forced variations cannot  



courtesy D. Vinner, CRU 

Structure of a General Circulation Model  

Spectral models 
 

Finite-difference models 



Increase in spatial resolution of global climate models 

First Assessment 
Report ~1990 



The range of expected climate change 

 is 2-3 Centigrades,... 

 

compared to an observe polar-to-equator range 

of 100 Centigrades 

Quite realistic simulations, but... 

The range of expected climate change 

 is 2-3 Centigrades,... 
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of 100 Centigrades 

The range of expected climate change 

 is 2-3 Centigrades,... 
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The range of expected climate change 

 is 2-3 Centigrades,... 

 

compared to an observe polar-to-equator range 

of 100 Centigrades 



Taylor et al., Bulletin of the American Meteor. Soc (2012) 

The CMIP5 simulation scheme: 
different modelling groups providing simulations under the same protocol 

Maximum  
number of models ~55 





Different models provide the same (in some sense) , but 
different (in other sense)  answers 



What is the main source of climate model 
uncertainty 



Representation of clouds 



Radiative properties of important cloud types 



Solar radiation reflected back to space 

observations 

Model bias:  
mean difference between 
simulation and observations 



Stephens, J. Climate 2005 
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Simulated changes in low-cloud cover 

Simulated changes in future cloud cover widely 
differ among models... 

.. and those differences are important for the simulation of  
global mean temperature changes 

Cloud feedback in action ! 



Can climate models simulate the observed climate ? 



Mauritsen et al., JAMS 2013 

Absolute global mean temperatures simulated by global climate models 
(Not changes from the mean) 

Range of 2.5 degrees 



Bias in the annual mean temperature, some  CMIP3 models 

IPCC Report, 2007 Kelvin -5 K 5K 0 



Bias in the annual mean precipitation, some   CMIP3 models 

-150 cm 150 cm 0 IPCC Report, 2007 

330  0 cm 





Marotzle and Forster, Nature 2015 

Histograms of model trends 

Time series of 15-year trends 

Do models overestimate 
warming trends? 

 
Opinions vary  





Can global models simulate internal variability well ? 





Very few climate models are able to 
replicate the temporal variability of 
ENSO 



Deser et al., Nature Climate Change 2012 

The importance  of internal variability:  Same model (CCSM3) , same scenario (A1B), 
different  conditions 

Mean of  
all simulations 

'Warmes't simulation 

Coldest simulation 

December-February near-surface air temperature change 



Deser et al., Nature Climate Change 2012 

The amplitude of internal variability:  Same model (CCSM3) , same scenario (A1B), 
different  conditions 

Mean of all simulations 

Wettest simulation 

Driest simulation 

Annual precipitation  change 



The annular modes + NAO, simulated by a CMIP5 model 

EOFs of the sea-level-pressure field in December-February 



Cattiaux and Casson, J. Geophys. Res. 2013 

Influence of model version 

When analysing model output, do not 

assume that versions of the 'same model' 

produce comparable results 

Zorita and González-Rouco, Geophys. Res. Lett.,  2000 

ECHAM3-LSG 

ECHAM3-OPYC 

HadCM2 



year 

Sahel rainfall: 
an example of misidentified 

climate change 



Model projections of Sahel 
summer rainfall, CMIP5 

Different models 

Trends of simulated 
precipitation 2005-2100 

Observations 
Average of all models 

year 

5%-95% model spread 



Is Newton's theory of gravitation reliable ? 

Absolutely !!! 
 

Just  step forward, and I will fall 

Absolutely not !! 
 

Without Einstein's General Relativity, 
the accuracy of GPS devices  is  

only 100 meters 



All physical theories are  incorrect...  
in some sense 

In the history of science, all theories are sooner or later superseded by better  

 

This happened also with the apparently most solid physical theory so far: 

Newton’s theory of gravitation, that was superseded by Einstein's General Relativity 

 

From the scientific point of view, 'the science' is never ever settled. 

 

This does not mean that science-based policy is impossible. The question is whether 

the science is good enough to warrant policy action 

 

But this does mean that uncertainty cannot be totally eliminated 

 



Certainty 

UnCertainty 



IPCC Report, 2007 

Summary of surface climate projections, including level of inter-model agreement 

Stippled areas indicate agreement in sign by at least 80% of the models 
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