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enough to cause an increase in surface air temperature because of the additional long
wave radiation emitted by the clouds. 

Manabe and Strickler (1964) used a simple one-dimensional climate model to study 
the contributions by H20, CO2) and 0 3 to the atmospheric heating and cooling rates 
(see Chap. 17). Their model was based on the radiative transfer equations given 
earlier in this chapter taking into consideration the main absorption bands of the 
absorbers. Their results for the case that the cloudiness is equal to the global mean 
~'alue are shown in Fig. 6.7. 

The troposphere shows a net radiative cooling mainly due to water vapor, which is 
compensated by the latent and sensible heating associated with moist convection. In 
the stratosphere, there is a strong heating due to the absorption of ultraviolet solar 
radiation by ozone and to a much smaller extent, due to the absorption of long-wave 
terrestrial radiation in the 9.6-llm band [see Fig. 6.2(b)]. We may note that the long
wave heating is only possible because of the low concentrations of O} in the tropo
sphere. The cooling in the stratosphere is due to long-wave emission mainly by CO2 
and to a lesser extent by water vapor and ozone. In the one-dimensional model of 
.\1.anabe and Strickler, the heating and cooling in the stratosphere compensate be
cause the stratosphere is assumed to be in radiative equilibrium. 
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FIGURE 6.7. Vertical distributions of the comp uted rate of temperature change in the atmo· 
sphere for thermal equilibrium due to various absorbers. LW(H 20 ), LW(COl ) , and LW(0 3) show 
the rate oftempcrature change due to long-wave radiation emission and absorption by water vapor, 
CO2, and OJ> respectively. SW(H 20 + CO2 + 0 3) shows the rate of temperature change due to the 
ibsorption of solar radiation by these three gases. " Net" means the net rate of temperature change 
:":'c to all components (adapted from Manabe and Strickler, 1964). 
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In the 8-12-.um region the atmosphere is almost transparent for long-wave terres
trial radiation, with the exception of the absorption at 9.6 pm by ozone [see Figs. 
6.2(b) and 6.2(c)]. This region of the spectrum is therefore known as the atmospheric 
spectral window. It is also the range where the long-wave radiation for the atmo
sphere is a maximum [see Eq. (6.6)]. It is interesting to note that, through absorption 
in the spectral window, small increases of CO2 or of other trace gases may have a large 
impact on the climate. In fact, Ramanathan et al. (1985) have brought attention to 
the fact that some minor trace gases, such as chlorofluorocarbons, methane (CH4), 

and nitrou!> oxides (N20), also have absorption lines in the spectral window. The 
recent increase in the concentrations of these trace gases can lead to additional trap
ping of the radiation emined by the earth's surface and thereby to heating of the 
troposphere and cooling of the stratosphere. 

Several other studies have been made using observed distributions of the absorbers 
in the atmosphere as, e.g., the study by Dopplick ( 1979). His results show a net 
radiative cooling throughout the year at almost ai llatitudes in the troposphere. How
ever, in the stratosphere he finds beating at low latitudes and cooling at mid and high 
latitudes. All the studies mentioned so far are limited by an incomplete knowledge of 
the concentrations of the various absorbers in the upper troposphere and strato
sphere and by the difficulties of incorporating the effects of clouds. 

Most of the atmospheric gases have bands in the microwave region ofthe spectrum. 
These bands are nOl important in the transfer of infrared radiation in the atmosphere, 
because in the microwave region the thermal radiative fluxes are very small. How
ever, they are being used to infer the vertical profiles of temperature, moisture, and 
liquid water in clouds through remOle sensing from satellites. 

6.7 RADIATION BALANCE AT 
THE EARTH'S SURFACE 

The net flux of radiation at the earth's surface results from a balance between the 
solar and terrestrial radiation fluxes: 

F :~~ = Fsw +FLW ' 

The shOTt-wave and long-wave radiation balance can be expressed by 

Fsw = F ~w -F ~w 

and 

FLW = FLw - F~w' 

Therefore, the overall radiation balance becomes 

r:~~ = F ~w -F ~w + F Lw - F Lw, 

where the downward and upward arrows denote the incoming and outgoing radiation 
components, respectively. 

The incident solar radiation F ~w is the sum of the direct and diffuse solar radi
ation. It has a pronounced diurnal and seasonal variation, and is also strongly 
affected by clouds. The outgoing short-wave solar radiation is the part reflected by 
the surface F 1w = A sfc F ~w , where Asfc is the surface albedo so that the net short
wave radiation is 


