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Mercury Venus Earth Moon Mars
Day 400°C 464 °C 20°C 110°C -5°C
Night -200°C 464 °C 10°C -150°C -85°C
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Adapted from 
Mann and Jones, 2003
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Frederick William Herschel (1738-1822) 
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λmax T =  0.28978 cm K 
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λmax T =  0.28978 cm K 
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6370 km
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Overview

8
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Trenberth et al., 2009
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25 μm 6.25 μm
25 μm 6.25 �m
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Examples of AIRS Spectra
20-July-2002 Ascending LW_Window
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6370 km
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35.5°N, 12.6°E
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Falkowski et al., 2000
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if the quantity of carbonic acid increases in geometric progression, the 
augmentation of the temperature will increase nearly in arithmetic progression

If the quantity of carbonic acid in the air should sink to one-half its present 
percentage, the temperature would fall by about 4°; a diminution to one-
quarter would reduce the temperature by 8°. On the other hand, any doubling 
of the percentage of carbon dioxide in the air would raise the temperature of 
the earth's surface by 4°; and if the carbon dioxide were increased fourfold, 
the temperature would rise by 8°.

1906

1859-1927
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Trenberth et al., 2009

102 341 239

396 333
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Trenberth et al., 2009

102 341

??? ???

2x
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Trenberth et al., 2009

102 341 235

??? ???
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Trenberth et al., 2009

102 341 239

400? 337?
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Greenhouse gas 
emissions

Radiative 
budget 
perturbation

Atmospheric CO2 top of the atmosphere radiative 
doubling                                 forcing: +4 W m-2
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Emissioni di gas 
ad effetto serra

Perturbazione
del bilancio
radiativo

Climate associated 
changes 
(temperature, ….)

Greenhouse gas 
emissions

Radiative 
budget 
perturbation
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Mann and Jones,
2003

Mann and Jones, 2003
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1901-2000
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1880-1920
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35.5°N, 12.6°E
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Greenhouse gas 
emissions

Radiative 
balance 
perturbation

Climate (temperature, 
precipitation, aerosol, 
clouds, vegetation, land 
use, temperature profile, 
biogeochemical cycles, 
….)
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number of days from 23 February, 2020
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ΔF ΔF2 ΔTf

ΔFf

H

So

S/So = 1/(1-SoH) = 1/(1-f)

            ΔTf/ΔT = 1/(1-f)

Water vapour feedback
f is about 0.4        ΔTf/ΔT is about 1.7
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ΔF ΔF2 ΔTf

ΔFf

H

So

S/So = 1/(1-SoH) = 1/(1-f)

            ΔTf/ΔT = 1/(1-f)

Ice-albedo feedback
f is about 0.3        ΔTf/ΔT is about 1.45
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Greenhouse gas 
emissions

Radiative 
balance 
perturbation

Climate (temperature, 
precipitation, aerosol, 
clouds, vegetation, land 
use, temperature profile, 
biogeochemical cycles, 
….)
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CO2 at 380 ppm
2°C 
temperature 
increase
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IPCC, 2021
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IPCC, 2021
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Fi gur e 2. 13

IPCC, 2007
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“….although climate forcing by human-made greenhouse gases (GHGs) is known accurately, 
climate forcing caused by changing human-made aerosols is practically unmeasured.” 

“Aerosol Faustian bargain”
Hansen et al., 2011

Forster et al., IPCC 2007
DIRECT + INDIRECT



Can Science Save the Earth? – Naples – March 23-27, 2025 97

Pierre Bouguer (1698-1758)

Johann Heinrich Lambert
(1728-1777)

August Beer
(1825-1863)



Optical depth
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