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The Climate Machine

Solar
Radiation

Earth
Radiation



Carbon dioxide

Valori massimi di anidride carbonica



Greenhouse Gases



History of Carbon Dioxide



Global Temperature
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A scientific consideration of climate (I) 

Crucial experiments like the famous experiment of 
Michelson e Morley are not possible in climate science

How is it possible a 
scientific investigation of 
climate ? 
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A scientific consideration of climate (II) 

We can male experiments if we represent the climate 
system via a set of mathematical relations: the equation 
of climate.

We can then treat very complex mathematical equations, 
paying the price of a enormous number of elementary 
operations.

The equation of climate are very difficult, but they can 
be solved by numerical methods.
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The next generation of 
numerical models will be like 
new, more powerful, telescopes 
or particle accelerators and they 
will allow us to look further into 
the working of the Earth climate 
more accurately, extensively and 
reliably.



Grids for Earth

Sort of crowded 
at the pole
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T42 IPCC standard resolution (~ 300Km)

T106   INGV-IPCC run resolution   (~ 120Km)
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T106   INGV-IPCC run   resolution (~ 120Km)

Next  INGV-CMCC model  resolution (~ 60Km)
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Mean JAN Precipitation Global 30km ResolutionMean JAN Precipitation Global 30km Resolution



Scenarios 
CO2

CH4

N2O



INGV(CMCC) SXG IPCC Experiments:

picntrl [100y]

20c3m    [130y]

sres a1b  [100y]

sres a2    [100y]

1pccto2x [150y]

1pccto4x [150y]

1870 2000 210019001771

TOT:       [730y]

CO2

THE SCENARIO SIMULATIONS



global mean surface temperature anomaly

THE SCENARIO SIMULATIONS



SCENARIO:   A2 – 20C 2m-Temperature
A2(2001-2050) – 20C(1951-2000) JFM  

A2(2001-2050) – 20C(1951-2000) JAS  

A2(2051-2100) – 20C(1951-2000) JFM  

A2(2051-2100) – 20C(1951-2000) JAS  

°C



A2(2001-2050) – 20C(1951-2000) JFM  

A2(2001-2050) – 20C(1951-2000) JAS  

A2(2051-2100) – 20C(1951-2000) JFM 

A2(2051-2100) – 20C(1951-2000) JAS  

SCENARIO:   A2 – 20C precipitation

mm/day



Projected sea level change is not globally uniform

Sea level change due to ocean density and circulation change during 21st century 
(2080-2099 relative to 1980-1999) under A1B, average of 16 AOGCMs, shown 
relative to global mean. Spatial variation is about 25% of global mean.



Observed ice-sheet changes and rapid ice-sheet dynamics

Flow accelerations of some near-coastal areas of the Greenland and Antarctic 
ice sheets, estimated as 0.32 mm yr-1 sea-level rise (the central value for 
Antarctic imbalance 1993-2003 plus half of Greenland imbalance, with other 
half from accelerated surface melting).

Local warming (air or ocean) is implicated, although changes in ocean 
circulation also may have contributed.



The climate in 2005:the Arctic



The climate in 2005: hurricanes



The climate in 2005: Africa



The climate in 2005: Amazon River



The Permafrost in
2005
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Numerical 
Simulations

Agricultural Impacts:
Forests

Agricultural Impacts:
Crops

Impacts:
Energy and Economy

Impacts:
Health

Impacts:
Mediterranean Sea

Numerical Methods Software Development

Impacts:
The Coastal Zone

The Structure of the CMCC

Climate Research
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CIRCE
Climate Change and Impact ResearCh: 

the Mediterranean Environment

An FP6 Project of the European Union

Chair: Antonio Navarra and Laurence Tubiana



The project will investigate how global and Mediterranean climates 
interact, how the radiative properties of the atmosphere and the 
radiative fluxes vary, the interaction between cloudiness and 
aerosol, the modifications in the water cycle. 

The economic and social consequences of climate change shall be 
evaluated by analyzing direct impacts on migration, tourism and 
energy markets together with indirect impacts on the economic
system. CIRCE will moreover investigate the consequences on 
agriculture, forests and ecosystems, human health and air quality. 
The variability of extreme events in the future scenario and their
impacts will be assessed.

The integrated results discussed by the project CIRCE will be 
presented in the first Regional Assessment of Climate Change in the 
Mediterranean area.
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CIRCE Strategy

Climate
Dynamics

Impacts

Social
Dynamics Case

Studies

Policy



What can we do ?

Mitigation:
remove the causes of climate change, 

i.e. emissions

Adaptation: 
prepare for the coming climate change



Both are needed, both have 
limitations

Dutch Cows, after adaptation





IN
G

V
 -

Is
tit

ut
o

N
az

io
na

le
di

G
eo

fis
ic

a
e 

V
ul

ca
no

lo
gi

a
-I

ta
ly

Optimists

But Concerned
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