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Abstract.

To calculate the photosynthetically active radiation (PAR) and total solar irradiance at the

Earth's surface the optical model of the clear sky atmosphere was suggested taking into account the
smoke loading in the layer from 0 km through 4 km. This model is based on the standard atmosphere
profiles of the meteorological elements and the optical parameters of the continental and stratosphere
aerosol types [WCP-112, 1986]). We employed the vertically inhomogeneous Delta-Eddington
radiation code, where the molecular scattering, absorption and scattering by aerosol particles,
absorption by water vapor and ozone are taken into account. The columnar aerosol optical thickness
was retrieved from the sunphotometer measurements at the 7 wavelengthes from 339 through 1021 nm

[Holben et al., 1996].

To derive the single-scattering albedo w, of the smoke particles in the atmospheric layer 0...4
km we compared the computation results with the broad band irradiance measurements at the Earth’s
surface [Eck et al., 1996] during cloudless conditions on 27 and 28 August 1995 in Cuiaba. The values
of ©,=0.84...0.86 at the wavelength 550 nm were estimated from PAR observations. The single
scattering albedo values derived from the total solar irradiance measurements have a wider range of
incertainty. The probable causes of these discrepancies are discussed.

1. Introduction.

The absorption of the solar radiation by aerosols in
the Earth's atmosphere is governed by the aerosol optical
thickness t and the single-scattering albedo w, determined
at each wavelength A of solar spectrum and for ail
atmospheric layers. As a rule, for climate studies the
aerosol single-scattering albedo is calculated from the Mie
theory using microphysical parameters measured in situ
[Shettle and Fenn, 1976; Blanchet and List, 1983; Sokolik
and Golitsyn, 1992]. The reported climotological values of
the aerosol single-scattering albedo need additional
verification according to the significant discripancies of the
results for the same aerosol type [Sokolik and
Golitsyn,1992). Therefore, the methods of the satellite and
aircraft remote sensing of the aerosol absorption were
suggested [Kaufman, 1987; Kaufman et al., 1992]. The
columnar average single-scattering albedo for the visible
region of solar spectrum was estimated as ©,=0.910.01
over the forest fire smoke and ®,=0.9410.04 over the

industrial regional haze. The method of the derivation of w,
from the simultaneous measurements of the direct beam
and total solar irradiance at the ground [Tarasova et al.,
1992] was applyed to the long-term radiation observations
performed at the Meteorology Observatory of Moscow
State University during summer seasons from 1955 through
1991. The columnar and solar spectrum average single-
scattering albedo ©y=0.9+0.2 was determined for the total
period of observations. The values ®,=0.8...0.9 are for the
period of large biomass burning near Moscow on August
1972 and ©¢=0.95 is for the periods of the large volcanic
eruptions [Gorbarenko, 1996]. The values ®4=0.9...0.95
were found during the dust radiation field experiment in
Dushanbe region (Central Asia, Former Soviet Union) on
September 1988 [Tarasova et al., 1992]. Nevertheless, there
are uncertainties in the evaluation of the accuracy of this
methods and their ability to determine the spatial and
temporal variations of the aerosol single scattering albedo.
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2. Parameters of the atmosphere adopted for
use in radiation calculations.

The ' molecular scattering, absorption and
scattering by aerosol particles, absorption by water vapor
and ozone are taken into account in 21 homogeneous
layers. The profile of the molecular scattering is in
accordance with Pendorf's formula [1957]. To calculate the
water vapor and ozone effective amount in the layers we
utilized the model of Tropical standard atmosphere
[McClatchey et al., 1972]. The vertical profiles of the
background aerosol optical parameters (optical thickness,
single-scattering albedo and asymmetry factor of the phase
function) were adopted according to Convective model
[WCP-112,1986]. This model presents the exponential
profile of the aerosol extinction coefficient at the
wavelength 550 nm in the layer 0...4 km: e=g4(-2/1), where
€,=0.2 is the extinction coefficient at the ground. The
columnar aerosol optical thickness at 550 nm of the
background aerosol model is 0.219.

We adopted for use in computations the spectral
dependence of aerosol optical parameters suggested for the
Stratosphere and Continental aerosol types [WCP-
112,1986] . The single-scattering albedo at 550 nm is
0.9999 for the first type and 0.98 for the second one. Fig. 1
presents the spectral dependence of w,. We used the broad
band ozone absorption coefficients reported by Briegleb
[1992]. The surface albedo is 0.06 in the visible spectrum
and 0.28 in the near infrared one according to medium/tall
grassland and woodland type of the surface [Briegleb,
1992] and low density residential type [Brest, 1987].
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Fig.] The spectral dependence of the single-scattering
albedo of Continental (solid curve) and Stratosphere
aerosol models (dashed curve) [WCP-112, 1986].

To calculate the. radiative transfer we employed
the vertically inhomogeneous Delta-Eddington code
[Joseph et al.,1976]. The absorption by water vapor in the
scattering aerosol atmosphere was computed using mean
photone path method [Tarasova, 1996] and the water vapor

transmission functions obtained for 7 water vapor
absorption bands [Fomin et al.,1993] on the base of AFGL
HITRAN 1986 compilation {[Rothman at al., 1987]. The
transmission of solar radiation was calculated for 19
spectral intervals over the solar spectrum from 285 through
4000 nm, weighted by the solar spectral irradiance at the
atmosphere top [WCRP-7, 1986] and summed to produce
the photosythetically active (PAR) and total solar radiation
at the ground.

3. Sunphotometer and broad band irradiance
data measurements.

The Cimel sunphotometer measurements of the
direct beam solar radiation at the wavelengthes 339, 379,
437, 498, 669, 871, 1021 nm were made in Cuiaba on
August 27, 28 1996 every 15 minutes [Holben et al,
1996). The cloudless homogeneous aerosol atmosphere was
observed during these days. Table | presents the retrieved
columnar aerosol optical depth at the wavelength 498 nm
averaged over half an hour from 11h45' through 14h1S'
Local Standard Time (LST). Note, that the first day was
more hazy than the second one. The cosine of the solar
zenith angle was calculated according to Igbal [1983].

Table 1. The columnar aerosol optical thickness 1
at 498 nm obtained on August 27 and August 28 and the
cosine of solar zenith angle cos8 at different Local Standard
Time (LST).

August 27 August 28
LST cos@ 4 cos@ 4
11h45m 0.904 0.824 0.906 0.495
12h15m 0.894 0.838 0.899 0.516
12h45m 0.872 0.863 0.875 0.540
[3h15m 0.833 0.885 0.835 0.525
13h45m 0.778 0.905 0.78 0.503
14h15m 0.71 0.896 0.711 0.494

The broad band radiation measurements were
made at INPE Cuiaba at | minute sampling interval [Eck et
al.,, 1996]. The total solar irradiance (285-2800 nm) was
measured with Eppley Precision Spectral Pyranometer
(PSP) and PAR (400-700 nm) was measured with Skye-
Probetech PAR Energy sensor (SKE-510). We averaged
these data over the same half an hour intervals from
11h45'LST through 14h15'LST as was done for aerosol
optical thickness. The results are shown in Fig.2 and Fig.3.

4. Comparison of the broad band solar
irradiance meaSurements with the calculation
results.

To perform the radiative transfer calculations we
added the smoke aerosol to the layer from the surface
through the height 4 km {Kaufman et al., 1992]. The value
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of the aerosol extinction coefficient at the ground g, was
chosen to obtain the total aerosol optical thickness retrieved
by sunphotometer. The columnar aerosol optical thickness
at the middle of each spectral interval was determined
interpolating the results of sunphotometer measurements at
7 wavelengthes. To calculate the sensitivity of the solar
rradiance to the single-scattering albedo of smoke particles
we changed the value of @, at the wavelength 550 nm when
it's relative spectral dependence remained the same.
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Fig.3 Photosynthetically active radiation (PAR): pluses are
the measured data, the curves are the calculation results for
©,=0.84 at 550 nm (solid curve), for ©,=0.86 (dotted
curve) and for w,=0.9 (dashed curve). The upper group of
curves and marks is for August 28, the lower group is for
August 27.

Table 2. The discrepancies between the calculated
and measured PAR data (W/m®) on August 27 and 28.
Computations are for smoke single-scattering albedo w,=
0.84, 0.86 at 550 nm.

the radiative transfer equation have got an error that is
equal 2% approximately. So, we can't determine w, more
precisely performing computations with the smaller values.
Therefore, to estimate the single-scattering albedo another
method was employed assuming that w, varied slightly
during two days. Table 3 presents the range between PAR
measured on August 27 and August 28 at the same LST.
The PAR difference calculated for w,=0.84...0.86 is in a
good agreement with the measured data .
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Fig 4. Total solar irradiance on August 27: pluses are
measured data,.the curves are for calculation results for
©,=0.84 at 550 nm (solid curve), for ©,=0.86 (dotted
curve) and for 0,=0.9 (dashed curve).

Table 3. The range (W/mz) between the broad
band irradiance on August 27 and 28 at the same LST.
Measured (M)and calculated (C) values of PAR and total
solar flux changes are shown. Computations are for
©,=0.84, 0.86.

PAR TOTAL
©5=0.84 ©5=0.86 IST M C C M C C
LST August 27 August28 August27  August 28 wy=0.84, 0.86 ©,=0.84, 0.86
11h45m 43 3.6 10.0 74 11h45m 36.5 35.8 29.5 453 53.6 442
12h15m 29 4.0 8.6 7.8 12h15m 35.1 36.2 30.1 442 551 46.2
12h45m 2.4 40 8.2 83 12h45m 329 349 28.9 399 524 43.6
13h15m 4.6 6.1 103 9.9 13h15m 359 374 313 484 555 46.1
13h45m 58 79 114 114 13h45m 38.2 40.3 33.6 534 59.8 50.1
14h15m 40 6.3 11.2 9.5 14h15m 38.0 38.3 32.0 52.1 56.7 475

Fig. 2 presents PAR calculated with different
smoke single-scattering albedo w,=0.84,0.86,0.9 at 550 nm.
The discrepancies between measured and calculated values
are given in Table 2. The relative difference for the cases
with ©,=0.84,0.86 is less than 5% and can be explained by
many causes except the influence of the single-scattering
albedo, such as the errors of the Deita-Eddington technique
and sensor measurements, uncertainties in our knowledge
of optical and physical properties of the atmosphere and so
on. Even the precise numerical methods of the solution of

The comparison of the computed and measured
total solar irradiance data presented in Fig.3 is much more
complicated due to use of the approxomate method to
calculate water vapor absorption in the scattering aerosol
atmosphere, to the lack of the sunphotometer measurements
in the near infrared region of solar spectrum and to the
uncertainties in our knowledge of the spectral dependence
of w, in the near infrared region of solar spectrum, etc.
Therefore, the relative difference between the calculated
and measured data increases to 2.5...6.4% for ©,=0.84 and
t0 5.7...10.9% for ©¥,=0.9. The absolute difference is 20...50



W/m’ and has to be discussed. One of the possible
explanations is the underestimate of the water vapor
absorption in the scattering aerosol atmosphere by
approximate radiation code . The reference line-by-line
calculations could brighten up this question.

Table 4. The discrepancies between calculated and
measured total solar irradiance (W/mz) on August 27 and
28. Computations were performed with the smoke single-
scattering albedo 0.84, 0.9 at 550 nm.

0,=0.84 ®,=0.9
LST August27  August28 August27  August 28
11h45m 20.2 28.5 489 47.8
12h15m 18.2 297 47.6 49.6
12h45m 20.9 334 499 53.6
13h15m 29.2 36.3 57.9 55.6
13h45m 323 387 60.0 56.7
14h15m 34.0 38.6 59.7 55.1

The difference between the total solar irradiance
on August 27 and 28 at the same LST is given in Table 3.
To obtain the good agreement with the measured range we
have to use w,=0.87...0.93 for computations. To obtain the
good agreement with the absolute values of the measured
total solar irradiance we have to adopt ®,=0.84 or less. This
discrepancy shows that there are some gaps in the radiation
scheme dealing with the calculations in the near infrared
region of solar spectrum. The detailed comparisons with the
reference line-by-line techniques and with measured data
could help to reveal the main causes of the discrepancy.
Note that for studies of climate variations it is needed to
calculate precisely the changes of solar radiation at the
atmosphere boundaries due to aerosol pollution.
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