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Lecture 27. 

Climate radiative forcing of gases, aerosols, and clouds. Part 3. 

Objectives: 

1. Radiative forcing (impact) of clouds. 

Recommended reading:  

L02: 8.4.1-8.4.5, 8.6 

Additional reading: 

Stephens, G. L, 2005: Cloud feedback in the climate system: A critical review. J. Clim., 

18, 237-273.   

 

1. Radiative forcing (impact) of clouds. 

 

Radiative forcing of clouds is defined is defined as a difference between the net fluxes in 

‘clean’ and cloudy atmospheric conditions. 
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where 
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 is the net total (SW+LW) flux at the top of the atmosphere (or at the 

tropopause)  in the presence of clouds; 
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 is the net total flux at the top of the ‘clean’ atmosphere (i.e., a reference 

atmospheric condition). 

NOTE:  Cloud radiative forcing is defined as the IPCC radiative forcing, but it has 

different meaning.  

 

Similar to Eq.[26.2-26.4], cloud radiative forcing can be expressed as  

                                                        LWFSWFF +=∆                                            [27.2] 

where SWF is the shortwave (solar) component of radiative forcing; 

LWF is the longwave (thermal IR) component of radiative forcing; 
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NOTE (see figures below): 

� Cloud radiative forcing shows how much clouds modify the net radiation and thus 

their role in the Earth energy balance. Positive forcing occurs over the regions where 

clouds act to increase the net energy into the Earth system, while the negative forcing 

is over the regions where clouds act to decrease the net energy. 

� The solar and terrestrial properties of clouds have offsetting effects in terms of the 

energy balance of the planet. In the longwave (LW), clouds generally reduce the 

radiation emission to space and thus result in a heating of the planet. While in the SW, 

clouds reduce the absorbed solar radiation, due to a generally higher albedo than the 

underlying surface, and thus result in a cooling of the planet.  

� The latest results from ERBE indicate that in the global mean, clouds reduce the 

radiative heating of the planet. This cooling is a function of season and ranges from 

approximately -13 to -21 Wm
-2

. While these values may seem small, they should be 

compared with the 4 Wm
-2

 heating predicted by a doubling of atmospheric 

concentration of carbon dioxide. 

� In terms of hemispheric averages, the LW and SW cloud forcing tend to balance each 

other in the winter hemisphere. In the summer hemisphere, the negative SW cloud 

forcing dominates the positive LW cloud forcing, and the clouds result in a cooling.  

 

 

Figure 27.1 Total fractional cloud cover annual averaged from 1983-1990, compiled 

using data from the International Satellite Cloud Climatology Project (ISCCP). 
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Figure 27.2 LW cloud forcing (top) and SW cloud forcing (bottom) for  a one-year 

average (from 1985-86) data retrieved from ERBE.  
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Annual average net cloud radiative forcing (1985-86) determined from ERBE. Net cloud 

forcing is the result of two opposing effects: (1) greenhouse heating by clouds (or positive 

forcing) and (2) cooling by clouds (or negative forcing)--clouds reflect incoming solar 

radiation back to space. The areas where cooling is the greatest are represented by colors that 

range from yellow to green to blue. In some areas, the effect of the clouds is to produce some 

warming as shown by colors that range from orange to red to pink.  
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High level clouds (cirrus): 

The overall effect of the high thin cirrus clouds is to enhance atmospheric greenhouse 

warming. They are highly transparent to shortwave radiation (their cloud albedo forcing 

is small), but they readily absorb the outgoing LW radiation. Because cirrus clouds are 

high, and therefore cold, the energy radiated to outer space is lower than it would be 

without the cloud (the cloud greenhouse forcing is large). 

 

Low level clouds 

Low stratocumulus clouds act to cool the Earth system. Because lower clouds are much 

thicker than high cirrus clouds, they are not as transparent to solar radiation. Instead, they 

reflect much of the solar energy back to space (cloud albedo forcing is large). Although 

stratocumulus clouds also emit longwave radiation out to space and toward the Earth's 

surface, they are near the surface and at almost the same temperature as the surface (thus, 

their cloud greenhouse forcing on a planetary scale is small). 

 

Deep convective clouds: 

Because cumulonimbus cloud tops are high (can reach 10 km) and cold, the LW radiation 

emitted to outer space is lower than it would be without the cloud (the cloud greenhouse 

forcing is large). But because they also are very thick, they reflect much of the SW 

radiation back to space (their cloud albedo forcing is also large). As a consequence, 

overall, the cloud greenhouse and albedo forcings almost balance, and the overall effect 

of cumulonimbus clouds is neutral-neither warming nor cooling. 

 

 

 

 

 

 

 

 

 


