
Part 1. The Earth’s Atmosphere

Chapter 8. 

The Chemistry of Global Climate



 Average composition of nine principal gases in the dry troposphere (Tab. 8.1)

 Water-most highly variable from day to day and place to place due to its relatively
short residence time of 11 days, being much smaller than the time required for
complete mixing of the troposphere. Maximum mixing ratio in the troposphere
depends on temperature (Fig. 8.1)
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8.1 Composition of the Earth’s atmosphere



 In the dry tropics, T=30 0C, RH=40% could be typical.

Then, PH2O = 0.40 x 4.24 kPa = 1.7 kPa

Then, the mixing ratio of H2O at P0 is:

mixing ratio(%)=
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 Black body radiation

- Emissive energy per unit wavelength of
any material with a finite T is given by,

where M=the emissive energy Wm-3 (watts

per square meter of surface per meter of

wavelength), h = Planck’s const. = 6.63 x 10-

34 Js, c = velocity of light=3.0 x 108 m/s;

=wavelength/m; k=Boltzmann’s const.=1.38

x 10-23 JK-1, T=temperature/K

- Approximate wavelength
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8.2 Energy balance

Similar to Sun



 Black body radiation

- Solar flux (Fs): the total energy reaching

the part of space occupied by the Earth =

avg. 1368 Wm-2, but only a portion of this

E can actually be absorbed at the Earth’s

surface (see Fig. 8.3)

- Earth’s albedo: the total reflectivity of the

Earth=
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 T of the Earth’s surface: on the assumption that the re-emitted E from

Earth’s surface) were completely lost in space,

- the total solar E absorbed by the Earth (Es, in Watt) is given by:

- the total emitted energy from the Earth:

(From Wien’s law: ) Here, Fe=radiant flux from the Earth/Wm-2

=the Stefan-Boltzmann constant

Te=effective T of the Earth/K

- the total radiative E, Ee(in Watt), emitted from the entire area of the

Earth’s surface is

In the steady state, total E absorbed from the sun (Es) = total E emitted

by the Earth (Ee), I.e.
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 T of the Earth’s surface:
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8.2 Energy balance



 Water vapour:

-the most important of all greenhouse gases

-absorbs IR in the ranges 2.5 to 3.5 m, 5-7 m, >13 m

-portion in greenhouse warming: 110 Wm-2

-positive contribution:

-negative contribution:
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8.3 The greenhouse gases and aerosols: water



 CO2:

-a major contributor to greenhouse warming

-absorbs IR in the ranges 4~4.5 and 14~19 m, completely blocks b/w 15
and 16 m

-portion in greenhouse warming: 50 Wm-2

-

 CH4:

-tropospheric life time = 7 yrs, conc. Is increasing at a rate of 0.5% per year

-absorbs IR in the ranges 3~4 and 7~8.5 m

-sources:

: from organic matters subjected to an oxygen-depleted highly reducing
aqueous or terrestrial environment.
: during extraction and inefficient combustion of fossil fuels

: from the digestive tract of ruminants (cattle, sheep, goats) and termites.

- portion in greenhouse warming: 1.7 Wm-2
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8.3 The greenhouse gases and aerosols: CO2 and CH4



 O3:

-absorbs IR in the ranges 9~10 and hence highly effective greenhouse gas

-portion in greenhouse warming: 1.3 Wm-2

 N2O:

-absorbs IR in the ranges 3~5 and 7.5~9 m

-sources:

: from industrial processes such as the production of adipic acid and nitric
acid

: from microbial denitrification, conversion of nitrate to nitrous oxide, in
soils, lakes, and oceans (major source)

: from urban waste landfill sites

-tropospheric residence time = 120 yrs

-portion in greenhouse warming: ca. 1.3 Wm-2
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8.3 The greenhouse gases and aerosols: O3 and N2O



 CFCs and other chlorinated gases:

-absorbs IR in the ranges 8~12 m

 Aerosols:

-clouds have cooling effects on warm days, warming effects on cool nights

-sulfate aerosols:

: backscatter incoming short-wave solar radiation,

: affect the processes of cloud formation

-biomass aerosols from combustion

-aerosols of industrial origin

-These are all readily washed out with precipitation, having small
atmospheric residence time, of the order of a few days, so their
contribution to greenhouse warming is local and short lived
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8.3 The greenhouse gases and aerosols: CFCs and Aerosols
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8.3 The greenhouse gases and aerosols: summary
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 Structure and ranks
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8.5 Greenhouse gases associated with use of C-based fuel: coal



 coal gasification to enhance efficiency of coal combustion
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8.5 Greenhouse gases associated with use of C-based fuel: natural gas


