ENVIRONMENTAL STRUCTURE AND FUNCTION: CLIMATE SYSTEM - Greenhouse Gases, Aerosols And Ozone Layer I.L. Karol

GREENHOUSE GASES, AEROSOLS AND OZONE LAYER
I.L. Karol
Main Geophysical Observatory, St. Petersburg, Russia
Keywords: Gases, aerosols, source, sink, “lifetime”, water vapor, relative humidity,
ozone.
Contents

U
SA N
M ES
PL C
E O–
C E
H O
AP L
TE SS
R
S

1. Introduction
2. Parameters connected with atmospheric substances and their effects on climate
3. Greenhouse gases
4. Aerosols
5. Conclusion
Glossary
Bibliography
Biographical Sketch
Summary

A general outline of radiatively active substances in the atmosphere and of their role in
formation of greenhouse effect of the Earth atmosphere is presented. The greenhouse
gases, aerosols and clouds are substances affecting the short wave (solar) and long wave
(Earth surface and the atmosphere) radiation fluxes at various atmospheric levels and
ground surface at different latitudes and seasons. General features and parameters of
these substances, atmospheric cycles and their differential effects on the radiative
regime and air temperature are analyzed and discussed.
1. Introduction

The greenhouse effect of the Earth atmosphere increases the ground surface and
adjacent air temperature by about 30 K over the surface radiative-equilibrium
temperature. This makes possible the presence of liquid water and all living biota
including humans on the Earth. The greenhouse effect is produced mainly when the
long wave radiation photons (wave length of 1 μm (1 μm = 10-6 m) and more) emitted
from the Earth surface and from the atmosphere are absorbed by molecules of
greenhouse gases, by some aerosols and by cloud particles. The absorbed photons are
then reemitted towards the top and to the bottom of the atmosphere. This additional
radiative energy downward flux leads to increase of the lower atmosphere temperature to additional greenhouse effect. The upward radiative energy flux is irradiated into
space and by this it lowers the upper atmosphere temperature. Therefore an increase in
the abundance of greenhouse effect producing agent abundance in the atmosphere
results in the change of air temperature profile. This change is enhanced or decreased by
numerous feedbacks produced by interactions of radiative and temperature changes with
elements of the atmosphere and of the underlying surface.
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The short wave solar radiation photons in ultraviolet and visible bands (wave length less
than 0.7 μm) move almost unchanged through the cloudless atmosphere and are
absorbed or scattered mostly by aerosols and by cloud particles. The absorbed by clouds
and by the ground surface solar radiative energy is the main energy source of
atmospheric processes and of all other phenomena on the Earth.
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According to the well known physical Stefan-Boltzmann law the black body model total
radiance B(T) is proportional to the fourth power of the absolute temperature T: B(T) =
σT4 and the Wien displacement law λmaxT = A = constant states that the maximum
emission wave length λmax is inversely proportional to T. This means that the radiative
flux emitted from the “averaged” Earth surface (T = 293 K) peaks at about 9.9 μm wave
length while radiation emitted from the tropical lower stratosphere (T ≈ 200 K) has
maximum intensity at 14.5 μm wave length. The observed intensity of solar flux at 0.47
μm corresponds to T = 6 100 K of solar surface.
Due to rather small absolute temperature variation in the atmosphere and at the Earth
surface the Stefan-Boltzmann formula may be linearized making the linear connection
between the radiance ΔB and temperature ΔT variations. This connection is the basis of
the well known M.I. Budyko formula Bo = A + B Ts for the outgoing long wave
radiation Bo at the top of the atmosphere where Ts is the ground level temperature and A
and B parameters depend on the cloud coverage. This simple relation was obtained from
the analysis of global observational data and it is widely used in climate studies with
parameter values A = 202 Wm-2; B = 2.1 Wm-2K-1 for T in K; Bo in Wm-2 and assuming
that the global cloud coverage is about 0.5.
-
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