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A one-dimensional vertical energy balance model of the earth’s atmosphere
systermn has been used to study the influence of atmospheric aerosols on the
thermal structure of the atmosphere. Radiatively active constituents pres-
cribed in the model include water vapour, carbon dioxide, ozone, clouds and
aerosol. The radiative transfer at solar wavelengths is done with a unique
approximation to the adding scheme. The infrared transfer calculations
include a separate treatment of H;O dimer and aerosol effects in the water
vapour window,

The globally mean vertical temperature profiles have been calculated with the
model for the cases of 0.0 and 0.125 aerosol optical depths individually. The
aerosol drops the mean surface temperature by about 1.6 °’K. We have also
made numerical experiments with differing aerosol optical depths and physi-
cal properties. The surface temperature perturbations in tropics obtained in
our model experiments for aerosol loading due to Agung volcanic eruption
agrees with those of the others.
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INTRODUCTION

OWING to their interaction with visible and infrared radiation, atmospheric aerosols
are likely to play a significant role in the earth’s energy budget and climate.
The tropospheric aerosols are capable of altering the earth’s surface temperature to
such a magnitude, but opposite in sign, to what might be expected from the
projected increases in carbon dioxide.

There are several factors that have generated until recently reluctance among the
scientific community for the investigation of aerosol effects on global scale. First,
aerosols stem from localised sources and have highly variable distribution in space
and time. Second, measurements of their properties are intrinsically difficult and
this difficulty fosters a wide range of uncertainty. Some of the earlier studies of
aerosol effects on global climate include those of Rasool and Schneider* and Reck.2
However, these studies used simplified radiative treatment of the aerosol.

Several reliable details of aerosol optical properties between 0.25 and 100um
wavelength with a specified aerosol height distribution have become available in
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recent years. Toon and Pollack’s® global survey on aerosol is probably the best in
the field to-date. Using these details, the authors have examined the effect of
tropospheric aerosols on the global climate and the results are discussed in this
paper. The one-dimensional radiative-convective model used in this study provides
the requisite details in the radiation computations to account for the effects of
tropospheric aerosols in addition to several climatic feedback mechanisms.

Tue MODEL

The model adopted for the present study is, in its simplest form, a variant of
Ramanathan’s? one-dimensional radiative-convective model. The model atmosphere
has, in general, four diabatic heating processes, viz., solar radiation, longwave
radiation, vertical eddy heat flux and latent heat flux of which the vertical eddy
heat flux vanishes above the first model layer. The model’s boundary layer is
100m thick and the troposphere is coupled to vhe surface through exchange of
latent, sensible and radiative heat fluxes between the surface and the boundary
layer. The model atmosphere also has additional sources/sinks of energy from
horizontal convergence (prescribed as seasonal meridional heat fluxes) due to
climatological dynamics. This facilitates the applicability of the model to represent
not merely the globally averaged atmosphere but also tropical or polar atmospheres.
Moist adiabatic adjustment scheme has been incorporated in the model with a
view to have realistic convective adjustment procedure. The model includes
radiative transfer processes such as pressure and doppler broadening, H,O continuum,
hot and minor isotopic bands of CO, and overlap of H,0 continuum and
rotation bands with CO, and O, bands. The radiative transfer scheme employed
in Ramanathan’s* model has been suitably modified to include the aerosol effects.
The model computes both longwave cooling and solar heating due to H.0, CO,,
O, and aerosols. The effect of clouds is incorporated by adopting a three-layer
cloud scheme with prescribed cloud locations and fractional amounts. The
radiative effects due to other optically active trace gases (methane and nitrous
oxide) are also included. The atmospheric distributions of aerosol, CO,, O; and
other radiatively active gases are prescribed in the model.

The numerical experiments with the model are conducted for globally-averaged
conditions and for tropics. In the first case, the model solves directly for average
annual global conditions as a steady state and there are no meridional heat
transport. For tropics (30°S-30°N), the model uses averge annual cloud, gaseous
absorber concentration, solar input, meridional heat transport and albedo and
solves for average annual vertical temperature profile in a particular latitude belt.

RADIATIVE PROPERTIES OF AEROSOL

In solar wavelengths, the radiative properties of aerosol layers are calculated with
the incident angle dependent two-stream formulation of Coakley and Chylek.® Aerosol
optical depth, single scattering albedo, phase function and the cosine of the angle of
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incidence are specified for computation of aerosol layer reflectivity and transmissivity.
For this purpose, the global average aerosol properties given in Toon and Pollack?
have been employed. The size distribution is approximately that due to Elterman
et al® In the troposphere, infrared effects due to aerosol are generally negligible
except in the window region. The aerosol infrared effects have been included in
the 8-12um window region for the tropospheric layers. In the stratosphere, where
there is insufficient water vapour to mask the aerosol properties, the aerosol effects
are calculated across the infrared broad band. For this, the water vapour equiva-
lent path length for stratospheric aerosol is calculated by determining a broad band
effective emissivity for the aerosol and then inferring an effective water vapour
path length. Aerosol scattering is neglected in the infrared region because in this
part of the spectrum the aerosol single scattering albedo is small.

ResuLTs AND DiScussion

We obtain a surface temperatare of 287.5 °K in our experiment with the model
under globally averaged conditions for aerosol optical depth of 0.125 and surface
albedo of 0.154. For the case with an aerosol optical depth of 0.0, the mean surface
temperature is obtained as 289.12 °K. Thus, the aerosol induced surface cooling in
our model is of the order of 1.61 °K.

Reck,? using a' 1-D model of Manabe and Wetherald? calculated a drop of about
0.4 °K in surface temperature for the latitude 45 °N with the addition of aerosol
with an optical depth of 0.065. She repeated her calculations with a more weakly
absorbing aerosol (the mean visible refractive index was 1.55-0.0155i, still more
absorbant than the Toon and Pollack aerosol used in our study) and reported an
additional 0.2 °K cooling. This gives a cooling of 0.6 °K for the aerosol optical
depth 0.065; it would correspond to a drop of about 1.2 °K, not too far from our
1.6 °K, for an aerosol optical depth of 0.125. Reck’s radiation model used an
incident angle independent formulation for aerosol optics; the aerosol was considered
a cloud at one level and its optical properties were calculated at one solar and one
infrared wavelength; meridional heat transport due to dynamics were neglected. Rasool
and Schneider’s! calculations using a simplified radiative scheme also conclude a
reduaction of global surface temperature by 2.0 °’K for an aerosol optical depth
of 0.125. This indicates that probably our model gives more realistic temperature drop
due to addition of aerosols.

The vertical temperature profile simulated by our model run closely matches
those of U.S. standard atmosphere except above tropopause level (20-23km), where
our temperatures are lesser by about 4 °K. A comparison of the change in atmos-
pheric temperature profile for aerosol optical depths of 0.0 and 0.125 reveals that,
with the addition of aerosol, the changes in stratospheric temperatures are small
(Fig. 1). The aerosol is concentrated in the lower tropospheric layer, 65 per cent of the
lowest 8km of the model atmosphere and the convective adjustment scheme in the
troposphere distributes the aerosol-induced cooling through the entire troposphere
fairly uniformly.
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The Mount Agung volcanic eruption in 1963 drastically increased the strato-
spheric aerosol content and probably perturbed the climate. We have tried to
examine the perturbations in the tropical temperatures following Agung eruption
with our model. After a review of extensive literatures of Agung eruption, we find
that the stratospheric aerosol optical depth perturbations can be listed as

At = 02 f(1)
1120 0 <120
iy =11 120 < ¢ < 240
o (+-210) 240 240 < ¢,

where ¢ is the number of days after the eruption. We have conducted numerical
experiments using our model for tropical conditions with the above stratospheric
optical depth perturbations. Asis evident from Fig. 2, the model has been able to
simulate the gross features of the observed Agung temperature perturbations. The
magnitude as well as sign of the perturbation for both surface and stratospheric
temperatures are realistically simulated. As in the observations, the model strato-
sphere responds and relaxes faster than the surface.

The authors have also tried to investigate the effect of changes in aerosol pro-
perties on mean surface temperature using our globally averaged model. In one
experiment, we find that an aerosol has a nearly linear effect on surface temperature
for optical depths from 0.0 to 0.5 (Fig. 3). Another interesting feature obtained in
our experiment was that, for aerosols with single scattering albedo as 0.75 (strongly
absorbing aerosols), the mean surface temperature rises by about 0.5 °K with the
change in optical depth from 0.0 to 0.125. Aerosols with a single scattering albedo
of 0.80 seem to have negligibie effect on the surface temperature while aerosols with
single scattering albedo > 0.80 have cooling effect on the mean surface temperature,
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CONCLUSIONS

The present numerical experiments indicate that the mean surface temperature drop
due to the addition of aerosol with an optical depth of 0.125 is of the order of
1.6 °K for globally-averaged atmosphere. This finding is in rough agreement with
the results of Reck® and Rasool and Schneider.! The model used here has been
able to successfully simulate the tropical temperature perturbations due to Agung
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eruption. This paper also demonstrates the sensitivity of aerosol physical and
optical properties on the model results. Inadequate specification of aerosol pro-
perties can lead to prediction of a climatic perturbation of the wrong sign. In
order to realistically predict the aerosol effects on climate, we need better specifica-
tion of the physical properties and geographical distribution of the tropospheric
aerosol.
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