
What is a Café Scientifique
The purpose of the Cafe is to create a forum for the discussion of 
important and interesting scientific issues that is much more informal 
and accessible than a public lecture. No scientific knowledge will be 
assumed by the speakers so that everyone can participate. 

In Oxford these are held once a month in a coffee shop. Some of the 
recent topics have been:
stem cells                      antibiotic resistance           the big bang   
biodiversity                    cancer                          consciousness
Darwinism                      brain imaging                    evolution
extreme life                    selenium in the diet            foetal experience
Genetic modification      human hydration                 cryptography      
nanotechnology             prime numbers                    sports science



A personal view of the Facts
• The “Greenhouse” Effect



The Facts 2
• Carbon Dioxide

The atmospheric concentration of carbon dioxide (CO2) has
increased by 31% since 1750. The present CO2 concentration
has not been exceeded during the past 420,000 years and
‘likely’ not during the past 20 million years. The current rate
of increase is unprecedented during at least the past 20,000
years.
We know the increase is man made because carbon dioxide 
from fossil fuels contains no 14C, unlike the ‘background’ 
atmospheric CO2. CO2 from the burning and decay of plants 
contains less 13C than the atmosphere. 



The Facts 3
• About three-quarters of the anthropogenic emissions of CO2 to the 

atmosphere during the past 20 years is due to fossil fuel burning. 
The rest is predominantly due to land-use change, especially 
deforestation.

• Currently the ocean and the land together are taking up about half of 
the anthropogenic CO2 emissions.



The Facts 4
• Global Warming

The global mean 
surface 
temperature has 
increased by 
0.8oC (with an 
uncertainty of 
±0.2oC at 95% 
confidence) 
relative to the 19th

Century.



The Facts 5

• Global warming and cooling

Satellite and balloon 
data also indicate a 
warming in the lower 
troposphere and a 
cooling in the 
stratosphere.



Body of evidence
• Snow cover and ice extent have decreased.

• Global sea-levels rose by 0.1m to 0.2m in the 20th

Century. The heat content of the oceans has 
increased.

• It is ‘very likely’ that precipitation has increased by 
0.5-1% over much of mid and northern latitudes of 
the Northern Hemisphere.



The facts 6
• If we doubled the amount of CO2 in the 

atmosphere and nothing else changed the 
increase in global mean surface temperature 
would be about 1.2oC.

• In the real atmosphere there are a number of 
positive and negative feedbacks which will 
occur and interact non-linearly with each other. 
Some of the main ones include water vapour, 
clouds, the surface albedo and ocean 
transports.



Provocative Statement:
• Climate change is a fact. It is the possibility 

of the climate staying exactly the same that 
is now unlikely.

• To include feedbacks and make a better 
“projection” we need climate models 
developed by scientists from many 
disciplines.



Climate Models
Solve the Navier-Stokes equations 
on a latitude, longitude, height 
grid.

Parameterize processes too small 
to explicitly resolve e.g.:
• Clouds.
• Convection.
• Precipitation.
• Atmospheric gravity waves 
• Radiation.
• Land surface effects.
• Boundary layer effects.
• Sea ice.



Uncertainties
• The finite approximation to the continuous equations leads to errors 

in truncation and parameterizations.
• The equations are chaotic so are sensitive to initial conditions.
• We try to quantify the uncertainties by running ensembles of models, 

parameterization perturbations and initial conditions. Human 
induced climate change thus becomes a known unkown.



Uncertainties
• The ability of the biosphere and ocean to continue to be sinks 

of CO2.
• Clouds may be a strong feedback on climate but are poorly 

modelled in climate models.
• Polar ice sheets and their affect on predictions of sea-level 

rise.
• Possible model insensitivity to changes in solar irradiance.

• Aerosols and the indirect effect they have on clouds.



The Skeptics Say
• The “urban heat island” and growth of cities is the 

cause of increases in surface temperature 
measurements.

• Satellite temperatures analyses are constantly 
changing.

• The “hockey stick” controversy.
• It’s all caused by the ozone hole.
• It’s all models.
• Fossil fuels will run out before CO2 levels are too high
• In the 70’s everyone was predicting an ice age.
• Models are tuned so cannot project the future.
• Climate is always changing.
• Current climate change is due to natural forcings.
• Any attempts to mitigate greenhouse gas emissions 

will harm our economies and our standard of living. 
• Uncertainty – more research is needed before we can 

act.



Provocative Statement:
• The work of physicists on climate models should no 

longer be important to policy makers. IPCC2001 gave us 
the consensus answer that global warming will continue 
to happen. We may be able to alter our ‘best projection’ 
of global mean surface temperature or narrow or widen 
our uncertainties but our job is already done. The new 
challenge for physicists lies in making new observations 
of the climate, developing methods of mitigation and 
adaptation, and monitoring our attempts at both.



But what really matters
• Most detrimental impacts of climate on people and 

economies arise from extremes of wind and rainfall.
• Due to their resolution there is currently little confidence 

in the ability of climate models to project regional effects
• => This is where the hard work is needed by physicists 

in climate models.



Why should Cuba be concerned?

What can Cuba do?



Finally…

“Noone made a greater mistake than he who 
did nothing because he could do so little.”

Edmond Burke, British parliamentarian. 



Urban Heat Islands
• David Parker in a recent paper in Nature 

said:
“Urban heat islands occur mainly at night 

and are reduced in windy conditions. 
Here we show that, globally, 
temperatures over land have risen as 
much on windy nights as on calm nights, 
indicating that the observed overall 
warming is not a consequence of urban 
development.”



The Hockey Stick



Satellite and balloon observations



Fossil Fuel Reserves
• Oil and gas for 100 years
• Coal for 1000 years.
• Burn coal to generate hydrogen for the “hydrogen economy”



Solar Forcing

Solar output does effect 
climate. Increases in 
Solar radiative forcing 
since 17th century is the 
equivalent of 10 years of 
CO2 emmisions. But we 
might be wrong…….



Costs of mitigation
• The costs of climate change have been estimated to be 

1-2% GDP for developed countries and 5% GDP for 
undeveloped countries.

• Some actions are actually cost negative. 



Why should Cuba be concerned
• A global problem – the polluter doesn’t necessarily suffer.
• Increased drought?
• Increased storms?
• Sea-level rises – salination of ground water.
• Displacement of populations.
• Loss of biodivesity.
• Bleeching of corals leading to decline in fishing industry.
• Crop disease.






