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Apollo 8, 1968



RadiusRadius 6378 6378 kmkm

SurfaceSurface areaarea 5.1x105.1x1088 kmkm22

MassMass 5.974x105.974x102424 kgkg

DensityDensity 5.515 g/cm5.515 g/cm33

GravityGravity 9.87 m/s9.87 m/s22

EscapeEscape velocityvelocity 11 11 kmkm/s/s

AlbedoAlbedo 0.300.30

SurfaceSurface
temperaturetemperature 290 K290 K

DayDay 23 h 56 23 h 56 minmin

YearYear 365.25 365.25 daysdays

Sun Sun distancedistance 1.496x101.496x1088 kmkm

Earth



RadiusRadius 6052 6052 kmkm

SurfaceSurface areaarea 4.6x104.6x1088 kmkm22

MassMass 4.87x104.87x102424 kgkg

DensityDensity 5.20 g/cm5.20 g/cm33

GravityGravity 8.87 m/s8.87 m/s22

EscapeEscape velocityvelocity 10.5 10.5 kmkm/s/s

AlbedoAlbedo 0.770.77

SurfaceSurface temperaturetemperature 737 K737 K

PressurePressure 9.2x109.2x1066 PaPa

DayDay 243.02 243.02 daysdays

YearYear 224.7 224.7 diaysdiays

Sun Sun distancedistance 0.723 AU0.723 AU

Venus



RadiusRadius 3397 3397 kmkm

SurfaceSurface areaarea 1.4x101.4x1088 kmkm22

MassMass 6.4x106.4x102323 kgkg

DensityDensity 3.94 g/cm3.94 g/cm33

GravityGravity 3.72 m/s3.72 m/s22

EscapeEscape velocityvelocity 5.1 5.1 kmkm/s/s

AlbedoAlbedo 0.160.16

SurfaceSurface temperaturetemperature 240 K (day)240 K (day)
210 K (night)210 K (night)

PressurePressure 700 700 PaPa

DayDay 686.98 686.98 daysdays

YearYear 24 h 37 min 25 s24 h 37 min 25 s

Sun Sun distancedistance
1.524 AU1.524 AU

Mars



Earth: Solar constant 1367 Wm‐2 albedo 0.30, 
(956,9 Wm‐2, Te= 255 K (‐18ºC), Ts= 288 K (15ºC)

Venus: Solar constant 2637 Wm‐2 albedo 0.77  
(606,51 Wm‐2), Te= 227 K (‐46ºC) , Ts= 737 K (464ºC)

Mars: Solar constant 592 Wm‐2 albedo 0.16, 
(509,12 Wm‐2) Te= 218 K, (‐55ºC) Ts= 220 K (‐53ºC)

CO2 0.03% pressure 1013 hPa

CO2 96% pressure 93000 hPa

CO2 95.3% pressure: 7hPa
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Earth energy balance



Earth climate has changed always





Sun irradiance Wm‐2



Nature (2006)

Sun irradiance Wm‐2





CO2,CH4 &  global temperature 
0 = mean (1880‐1899)

Font: Hansen, Clim. Change, 68, 269, 2005.





Richard Lindzen

There is a clear attempt to establish truth
not by scientific methods but by

perpetual repetition!



Font: J. Hansen, 2007

COCO22 atmosphericatmospheric concentrationconcentration
and and surfacesurface temperaturetemperature



Nature reports climate change, vol 3, p. 4‐6 ,2009

What has been learned recently?

• Other greenhouse gases are worrying
• Arctic summer sea ice is in rapid
decline
• Warming is already having an impact
• The hockey stick holds up
• Sceptics are still out there

What we are still working on?

• How much warming and by when?
• Where to stabilize?
• Where the missing carbon is going?
• Does global warming worsens storms
• How fast Greenland is melting?
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• Other greenhouse gases are worrying
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decline
• Warming is already having an impact
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Font: Robin E. Bell, naturegeoscience 2008
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Josep Peñuelas



Nature reports climate change, vol 3, p. 4‐6 ,2009

What has been learned in 2008?

• Other greenhouse gases are worrying
• Arctic summer sea ice is in rapid
decline
• Warming is already having an impact
• The hockey stick holds up
• Sceptics are still out there

What we are still working on?

• How much warming and by when?
• Where to stabilize?
• Where the missing carbon is going?
• Does global warming worsens storms
• How fast Greenland is melting?



Mann M. E. et.al. PNAS 2008;105:13252‐13257
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Font: IPCC 2007



Font: M. Noguer, 2007



Font: Noguer, 2007
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Regional downscaling still in 
development



IPCC –AR4 2007



Expected averaged changes in the global 
distribution of precipitation per degree of warming 

Susan Solomon et al. PNAS 2009
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Nature reports climate change, vol 3, p. 4‐6 ,2009

What has been learned in 2008?

• “Other greenhouse gases are
worrying
• Arctic summer sea ice is in rapid
decline
• Warming is already having an impact
• The hockey stick holds up
• Sceptics are still out there

What we are still working on?

• How much warming and by when?
• Where to stabilize?
• Where the missing carbon is going?
• Does global warming worsens storms
• How fast Greenland is melting?





Font: Sarmiento i Gruber 2006



Efficiency of natural 
sinks

J. Canadell et al.  PNAS 2007



IPCC –AR4‐2007



Data: NOAA 2009



Font: Carbon Project 2011, Pep Canadell





Everybody believes global warming
is going on?



El Temps, 6 de nov. 2007









Climate geoengineering?



Results from modelling  surface air temperature (a i c) and precipitation (b i d) for 
scenario A2 for 2100 (a  b)and with geoingeneering (c i d)

Font: Matthews H. D., Caldeira K. PNAS 2007;104:9949‐9954



Susan Solomon et al. PNAS 2009

Changes are irreversibles!


