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The heating rates for background, wind-carrying dust
and sandstorm aerosol concentrations in the atmos-
phere have been calculated using a simple realistic
model of earth—-atmosphere system. Based on the data
for Saharan desert aerosols the paper analyses heating
rates in troposphere in shortwave and infrared region.
It is found that net warming occurs for all three types
of aerosol concentrations in winter and summer
months. The maximum heating is associated with
wind-carrying dust aerosol concentration and the least
with background aerosol concentration.

AEROSOL particles play an important role in the earth-
atmosphere system because of their direct interaction
(absorption and scattering) with solar and terrestrial
radiation. They also affect indirectly through their influ-
ence on cloud processes. Thus the presence of aerosols
leads to change in the earth’s radiation budget and hence
its climate. The aerosols have potential to warm or cool
the earth—atmosphere system depending upon their
absorptivity and surface albedo'. The scattering and
absorption properties of individual particles depend upon
the particle shape, size, refractive index and wavelength
of incident radiation. The radiative properties of an
aerosol layer depend on the above factors as well as on
the spatial distribution of the particles, angle of incidence
of radiation, and for the nonspheric particles their
orientation’. However, the impact of aerosol layer is not
only determined by its particle size distribution and
composition, but also by its location and thickness in the
atmosphere, the nature of the underlying surface and the
presence of the clouds.

In the present study, a simple model has been used to
analyse the effect of an aerosol layer overlying the earth
surface, on the climate for three aerosol concentra-
tions, viz. background concentration, wind-carrying dust
concentration and sandstorm concentration. Theoretical

framework of the model follows along with discussion of
our results,

Theory

A two-layered aerosol model as shown in Iigure 1 has
been considered. The aerosols are assumed to be mono-
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dispersive, 1.e. same size and same chemical composition, °
and homogeneously distributed throughout the layer. A
further assumption is that only forward scattering takes
place. A vertical column of unit cross-section from
ground surface z=10 to height z= 10 km in hydrostatic
equilibrium is assumed. Thickness of aerosol layer
suspended at the height of 10 km is considered to be 2 km
for the study. The internal energy (U) of each
infinitesimal layer of thickness Az is U = C,pTAZ, where
C is the specific heat ratio at a constant volume and p the
density of air. Therefore,

AU = C pATAZ. (1)

The absorbed radiant energy in the earth-atmosphere
system is (1 - o) F{ while the absorbed radiant energy in
the earth—atmosphere aerosol system is (1 — Of0q)F¥. The

change of absorbed radiant energy due to the presence of
aerosol is

Aa,Fi, (2)

where o is the albedo of earth—-atmosphere system and
Omod 18 the albedo of modified earth-atmosphere system
due to the presence of aerosols. From equations (1) and
(2), C\pATAz = Aay, FI.

Thus the variation in temperature due to aerosol
presence in shortwave (SW) region is

AT = Aa,Fl I CpAz, (3)

where, Aat, 1s the change 1n albedo due to the presence of
aerosol layer and Fi the total daily solar radiation at the
top of the atmosphere at 30°N.

It may be noted from Figure 1 that the infrared (IR)
region, radiation F,T emitted from earth’s surface inter-
acts with the aerosol layer and gives rise to a reflected
component of the radiation ReF,T towards the ground
from the layer, an absorbed component AF,T and a
transmitted component TrF,T, where Re, A and Tr are
reflectance, absorptance and transmittance coefticients
respectively. The reflected component, after reflection
again from earth’s surface, produces a component
a,ReF. T, which {urther interacts with the acrosol layer to
produce a reflected component oRe’F,T and an absorbed
component Aa,ReF,T and so on. The absorption of AF,T
in the aerosol layer heats it and emits a flux €AF,T
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Figure 1.

towards the ground, where £ is the emissivity of the
aerosol layer. The emitted flux is reflected from earth’s
surface to produce ¢,€AF,T, which further interacts with
aerosol layer to produce higher order reflected and
emitted fluxes. Combining various fluxes directed towards
the ground, as shown in Figure 1, the net flux AF

producing the IR radiative forcing can be expressed by
the following equation

AF =[ReF, T+a,Re’*F, T+a?Re*F, T+..]
+[eAF, T +¢Aq ReF, 1
+eAalRe’ F, T+..]+[ea, ReAF. T
+ea; Re* AF, T+ea’ R} AF, T+...]
+(e%a, A’F, T+e%a? A’ReF, T
+eA?alRe’F. T+..1. (4)

The terms 1n the first bracket represent the first reflected
component from aerosol layer ReF,T, and its successive
reflections from the ground and aerosol layer. The terms
1n the second bracket represent the downward flux emitted
by the aerosol layer €AF;, and its successive reflections
from the acrosol layer. The terms in the third bracket arise
out of the interaction of the flux a,ReF,T from the ground
with the aerosol layer. After absorption in aerosol layer
the emitted component is Ea_.,ReAFET, which is the first
term in the third bracket. The later terms arise due to
successive retlections of this component from the aerosol
layer. The terms in the fourth bracket arise out of
absorption of the flux a,eAF,T in the aerosol layer and
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A schematic diagram of a two-layered model.

subsequent emitted component and its su
reflections. It is evident that the terms in the sec

" third brackets correspond to first-order absorp

emission process, whereas the terms in the fourtt
result from second-order absorption and emissior
Further higher order absorption, reflection an
mission terms have been neglected.

After rearranging the terms and simplification,
(4) reduces to

AF =F, T{1+eAc,]{eA+Re]| — 1 :
1-a_Re

Since €A, is very small, we can write equation (3

AF = F, T(£A+Re) 1 .
l-o  Re

Assuming that AF due to the presence of aero:

causes a temperature change AT, equations (1)
yield,

1
C, PAz

AT =

[ReF, T+eAF, T [ : ]
- Re

where, F. T= O'T:; T, is the surface temperature
taken as 17.8°C for winter months and 24.8°C for
months. ¢ is the Stefan Boltzman constant.

Reflectance (Re) and absorptance (A) of the
layer can be written as
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(8)
(2)

where @ is the single scattering albedo, g the asymmetry
factor and 7, is the aerosol optical depth.

Result and conclusions

The study of radiative characteristics of a dust-laden
atmosphere requires an understanding of various para-
meters such as extinction coefficient, absorption coeffi-
cient, single scattering albedo and asymmetry factor. For
background, wind-carrying and sandstorm aerosol con-
centrations, these parameters have been evaluated in the
SW and IR regions’. The average values for various
parameters have been calculated using the relation,
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A= [ZAi(l)Ai]/E)‘i ’ (10)
where A,(A) is a particular parameter and A; the wave-
- length associated with that parameter.

Optical depths in the SW region for background, wind-
carrying and sandstorm concentrations are taken as
0.457/km, 1.902/km and 4.465/km respectively. For the
IR region the optical depths for the above-mentioned
concentrations of aerosol are taken as 0.179/km, 1.561/km
and 1.598/km respectively.

First we consider the radiative forcing due to aerosols
in the SW region and calculate the changes in temperature
for different types of aerosol concentrations using
equation (3). Figure 2 shows the heating rates for back-
ground, wind-carrying dust and sandstorm concentrations
in SW for all the months (Jan-Dec). It may be seen that
maximum heating occurs for wind-carrying dust
concentration in the months of JJA, whereas cooling

Sep Oct Nov Dec
Months *

b3 80 (4.466 Jkm)

Figure 2. Heating rates for background, wind-carrying dust and sandstorm con-

centration in solar region.
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Table 1. Heating rates in the SW region
Heating rates (k/day)
Optical -
Conc. depth (/km) Jan. Feb. March  April May June July Aug. Sept. Oct. Nov. Dec.
BC 0.457 -022 -025 -034 ~-038 ~041 -043 -042 -041 -034 =029 -025 -0.21
wC 1.902 0.14 0.16 0.22 0.25 0.26 0.28  0.28 0.27 0.12 0.19 0.16 0.14
SC 4.465 -067 -09 ~104 -116 -125 -131 -129 ~123 -—-103 -089 -0.76 -0.66
Table 2. Hcating rates in SW, IR and net warming
Solar region Infrared region
Hcating rate Heating rate
(k/day) | (k/day) Net warming (k/day)
Optical depth Oplical depth
Conc. (/km) Winter  Summer (/km) Winter Summer Winter Summer
BC 0.457 -0.23 ~042 0.179 0.4} ().47 (0,20 0.05
WC }.902 (.15 0.27 1.561 2.05 2.25 2.20 2.53
S5C 4,465 - 0.74 |.O58 2.29 2.51 1.53 1.23

- 1.28
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Figure 3. Average heating rates for different concentrations dunng
winter months (DIF).

occurs for background and sandstorm concentrations.
Maximum cooling for both background and sandstorm
aerosol concentrations is observed during JJ. It may be
noticed that absolute temperature change in sandstorm
concentration is significantly higher as compared to
background and wind-carrying dust concentrations.
Heating rates for SW region are given in Table 1. The
highest heating rates in SW region are observed for
the month of June, ie. — 043 k/day for background,
~ 1.31 k/day for sandstorm and 2.8 k/day for wind-
carrying dust concentration.

In the IR region the heating rates are calculated using
equation (7) for winter and summer months and are
presented in Table 2 and compared with the heating rates
of solar region. It is found that heating rates in IR region
are slightly higher in summer months than winter months
for all three types of aerosols. The net result (Table 2) of
the radiative forcing in SW and IR region is warming,
which is greater in winter months compared to summer for
background and sandstorm concentration. For wind-
carrying dust concentration, however, the net warming is
greater 1in summer. For winter and summer months the
SW, the IR and net heating rates for different types of
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Figure 4. Average heating rates for different concentrations during
summer months (MJ]).

aerosol concentrations are shown in Figures 3 and 4
respectively.

To summarize, the present study shows that net heating
would result in the case of all three types of aerosol
concentration in both winter and summer months.
Maximum heating occurs for wind-carrying dust con-
centration followed by sandstorm concentration. Heating
1s the least for background concentration. For wind-
carrying dust concentration, heating rate is maximum for
both winter (2.2 k/day) and summer (2.53 k/day). For
sandstorm concentration the heating rates for both winter
and summer months are 1.55 k/day and 1.23 k/day res-
pectively. For background concentration very small heat-
ing occurs for summer months (0.05 k/day) and winter

months (0.2 k/day).

e

1. Yamamoto, G. and Masayuki, T., J. Atmos. Sci., 1972, 29, 1405-
1412.

2. Coakley, J. A. Jr, Cess, R. D. and Yurich, F. B., J. Atmos. Sci,,
1983, 40, 116-138.

3. d’Almeida, G. A,, J. Geophys. Res., 1987, 92, 3017-3026.

Received 8 July 1998; revised accepted 22 April 1999

MEETINGS/SYMPOSIA/SEMINARS

‘“The International Symposium and Field Workshop on

Geodynamic  Evolution

of Himalaya—Karakoram-Eastern

Syntaxis (Indo-Burma Range)-Andaman Nicobar Island Arc
and Adjoining Region’” (Curr. Sci., 1999, 76, 1271} has been

postponed indefinitely.

166

CURRENT SCIENCE, VOL. 77, NO. 1, 10 JULY 1999



