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Experimental data on atmospheric transmittance along horizontal and slant paths in the
spectral region from 0.44 to 1.06 um are used to obtain model estimates of the effective atmospheric
heights for the aerosol extinction coefficients and their components in the spectral region from 1.07
to 12 pm. The mean value of the effective atmospheric height for the aerosol extinction coefficient is
shown to decrease from 1 km in the visible region to 0.2—0.3 km in the spectral region from 8 to

12 pm.

A closed optical scheme of the cloudless
atmosphere was proposed in Ref. 1. This scheme
assumes that the spectral value of the aerosol
extinction coefficient exponentially decreases with
increasing height:

a(H,N) = a(0,\)expl- H/H,M)], €))

where a(0, A\) is the aerosol extinction coefficient in
the atmospheric surface layer at the wavelength A;
Hy(\) is the effective height of the atmosphere (or
the height of the homogeneous atmosphere) for the
aerosol extinction coefficient at this wavelength. The
aerosol optical thickness of the entire atmosphere as a
function of wavelength is
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Represent the aerosol extinction coefficient and
the aerosol optical thickness of the atmosphere as
sums of the extinction components due to
correspondingly submicron and coarsely disperse
fraction of aerosol:

a(0A)=0gy(0OA)+ 0 4(0A)
and

TA) =T )+ Tea@),

Ogn(0A) and
extinction coefficients of the submicron and coarsely
disperse fractions of aerosol in the atmospheric
surface layer; te(A) and t(A\) are the aerosol
optical thickness of the submicron and coarse-disperse
fractions. Then define the effective atmospheric
heights for the aerosol extinction coefficients of the
submicron and coarse fractions as

Han(A) = Ten(A) /0t n (0N )

where a(0OA) are the aerosol
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and
Hoa(N) = Teg()/a g (0N ) .

In Eq. (1) different optical states of the
atmosphere are characterized by two parameters:
a(0, A) and Hy(M\). The aerosol extinction coefficients
in the atmospheric surface layer have been studied in
a wide spectral region (0.4—12 pm) in a variety of
geographical regions: central and northwestern parts
of the European territory of Russia,®> " coastal zone of
the Black Sea,” arid zone of Kazakhstan,® and
Western Siberia.”® The estimates of the effective
atmospheric  height for the aerosol extinction
coefficient are available only in the visible and near-
IR spectral regions (0.4—1.06 pm).” ' Already in
Ref. 1 it was noted that the mean value of the
effective atmospheric height for the aerosol extinction
coefficient in the spectral region of 0.55 pm is about
1 km. In Ref. 12 it was shown that in the spectral
region from 0.4 to 0.85 um the effective height of the
atmosphere for the scattering coefficient decreases
with the increasing wavelength. Based on this, it was
concluded'? that the height of homogeneous
atmosphere for the coarse-disperse aerosol is much
lower than that for the submicron aerosol fraction.
The effective heights for the aerosol extinction
coefficients and their components in the 0.44—
1.06 um spectral region are presented in Ref. 13.
However, no such results are available for longer
waves. This paper presents the model estimates of the
effective atmospheric height for the aerosol extinction
coefficient and its components in the spectral region
from 1.07 to 12 pm, where there are no experimental
results.

The model calculations were based on the
experimental data on the atmospheric transmittance
along horizontal and slant paths in the spectral
region from 0.44 to 1.06 pm from Ref. 13. For
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calculation of the effective atmospheric heights for
the aerosol extinction coefficients and their
components in the spectral region from 0.44 to
12 pm, aerosol extinction along horizontal and slant
paths was divided into the components caused by
submicron and coarse-disperse aerosol fractions using
a two-parameter model.!* The input parameters of the
model are the aerosol extinction coefficients in the
surface layer and the aerosol optical thickness of the
atmosphere at the wavelengths of 0.48 and 0.69 pm.

Figures 1 and 2 depict the spectral dependence
of the aerosol extinction coefficients on a horizontal
path and the aerosol optical thickness of a slant path
in the spectral region from 0.44 to 12 um obtained
with the use of the two-parameter model'* along with
the experimental data'® for the spectral region from
0.44 to 1.06 pm.
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Fig. 1. Spectral dependence of the mean model (open
circles) and experimental” (closed circles) aerosol
extinction coefficients in the atmospheric surface layer.
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Fig. 2. Spectral dependence of the mean model (open
circles) and experimental® (closed circles) aerosol optical
thickness of the atmosphere.
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Figure 3 shows the spectral dependence of the
effective atmospheric height for aerosol extinction
coefficient in the spectral region from 0.44 to 12 um
as estimated by the model from Ref. 14. For a
comparison, it also depicts the effective atmospheric
height for the spectral region from 0.44 to 1.06 um
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by the data from Ref. 13. One can see a good
agreement with the data from Ref. 13 in this spectral
region. In the 1.07 to 12 um region the effective
atmospheric height decreases noticeably, and in the 8
to 12 pm atmospheric window it is 0.2—0.3 km.
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Fig. 3. Spectral dependence of the mean model (open
circles) and experimental® (closed circles) effective heights
of the atmosphere for the aerosol extinction coefficients.

Figure 4 depicts the model spectral dependence
of the effective atmospheric height for the extinction
components due to coarse and submicron aerosol
fractions. The model value of the effective height in
the 0.44 to 12 um spectral region for the extinction
component due to coarse aerosol is [00.3 km, and for
the component due to submicron fraction, it decreases
roughly from 1.7 to 00.2 km. For a comparison, we
also present the effective atmospheric heights for the
extinction components in the 0.44 to 1.06 um
spectral region according to the data of Ref. 13,
where the aerosol extinction in the spectral region of
1.06 um was used as a coarse component.
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Fig. 4. Spectral dependence of the mean model (open
circles) and experimental'® (closed circles) effective heights
of the atmosphere for the coarsely disperse and submicron
extinction components.

Thus, in the spectral region from 0.44 to 12 um
the mean model value of the effective height for the
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aerosol extinction coefficient decreases from 1 to
00.2 km with the increasing wavelength, for the
extinction component due to coarse aerosol it is
00.3 km, and for the component due to submicron
aerosol it decreases from 1.7 to 00.2 km.

References

1. K.S. Shifrin and I.N. Minin, Tr. Gl. Geofiz. Obs.,
Issue 68, 5—75 (1957).

2. V.L. Filippov, A.S. Makarov, and V.P. Ivanov, Izv.
Akad. Nauk SSSR, Fiz. Atmos. Okeana 13, No. 3, 257—265
(1979).

3. N.N. Paramonova, A.M. Brounshtein, K.V. Kazakova,
and O.A. Nemets, Tr. Gl. Geofiz. Obs., Issue 472, 88—99
(1984).

4. N.N. Paramonova, A.M. Brounshtein, and V.I. Privalov,
Tr. Gl. Geofiz. Obs., Issue 496, 84—93 (1985).

5. M.V. Kabanov, = M.V. Panchenko, Yu.A. Pkhalagov,
V.V. Veretennikov, V.N. Uzhegov, and V.Ya. Fadeev,
Optical Properties of Coastal Atmospheric Hazes (Nauka,
Novosibirsk, 1988), 201 pp.

Vol. 16, No. 12 /December 2003/ Atmos. Oceanic Opt. 1007

6. Yu.A. Pkhalagov, V.N. Uzhegov, and N.N. Shchelkanov,
Atmos. Oceanic Opt. 7, No. 10, 714—720 (1994).

7. Yu.A. Pkhalagov, V.N. Uzhegov, and N.N. Shchelkanov,
Atmos. Oceanic Opt. 9, No. 6, 455—458 (1996).

8. V.N. Uzhegov, Yu.A. Pkhalagov, and N.N. Shchelkanov,
Atmos. Oceanic Opt. 7, No. 8, 570—574 (1994).

9. O.D. Barteneva, N.I. Nikitinskaya, G.G. Sakunov, and
L.K. Veselova, Atmospheric Transmittance in the Visible
and  Near-IR  Spectral Regions (Gidrometeoizdat,
Leningrad, 1991), 224 pp.

10. V.P. Busygin, L.R. Dmitrieva, and N.A. Evstratov, Tr.
Gl. Geofiz. Obs., Issue 448, 64—69 (1981).

11.Y.J. Kaufman and R.S. Fraser, J. Clim. and Appl.
Meteorol. 22, No. 10, 1694—1706 (1983).

12.V.V. Lukshin, G.I. Gorchakov, and A.S. Smirnov, in:
Results of the ODAEX-87 Combined Aerosol Experiments
(Tomsk Scientific Center SB AS USSR, Tomsk, 1989),
pp. 70—76.

13.S.M. Sakerin, D.M. Kabanov, Yu.A. Pkhalagov, and
V.N. Uzhegov, Atmos. Oceanic Opt. 13, No. 4, 285—291
(2002).

14.N.N. Shchelkanov, in: Abstracts of Papers at Siberian
Aerosols Workshop, IAO SB RAS, Tomsk (2001), p. 6.



