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Results of simulation of thermal radiation scattered by the aerosol in the 3.7
and 10.8 um spectral channels have been analyzed taking into account large-scale
gradients of surface temperature under various optical-geometric conditions of
observation. The situations have been identified in which the contribution from the
gradients to the radiative temperature exceeds 0.5°. A conclusion has been drawn
that the temperature inhomogeneites may be ignored when remote measurements in
the 10.8 um channel are corrected for the atmospheric contribution. The effect of
the atmosphere on the quality of the ocean surface temperature data obtained from

the NOAA satellites has been estimated.

1. INTRODUCTION

Under natural conditions, the spatial structure of
the IR radiation field of an underlying surface may be
rather complicated in character due to a wide range of
variations of spatial scale and magnitude of the surface
temperature inhomogeneities. In this connection, it is
appropriate to classify some characteristic types of the
underlying surfaces for which the study of the problem
being considered in this paper may yield significant
practical result. Among these are the commonly
encountered large-scale temperature gradients at the
interface between two extended quasihomogeneous
regions of the underlying surface (for example, at the
"land—sea" or "surface—dense fog" interface). In this
case in remote sensing of the surface through a turbid
atmosphere the radiation of warmer or colder regions
(relative to an observation point) will introduce the
distortions caused by aerosol scattering into a signal
recorded by a device and will affect the quality of the
correction of remote measurements for the effect of the
atmosphere. Calculations carried out in this paper
allow us to estimate such an adverse effect.

2. BASIC CHARACTERISTICS OF SIMULATION

By the method of statistical simulation, the
intensity J, and radiative temperature T, of natural
radiation of the system "atmosphere — underlying
surface" were calculated

T =I5+ 0, T, = By [J;], &
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Jy = Jarm + JSURE D7 =Jatm + JSUREs (2)
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J3urr = By, [Ts(xg, y)1 exp(—), (3)

JSORF = f f I, (x, ) B, [Ts(x, )] dx dy. 4)
S

Here Jitw, JSurr. JAtm, and JSUpp are the
contributions from the atmosphere and the underlying

surface to the intensity of nonscattered (]2) and

scattered (]i/ls) radiation, xy and y, are the coordinates
of the observation point, t is the optical thickness of
the atmosphere, B, is the Planck function, 3;1 is the
inverse Planck function, Tg is the temperature of the
underlying surface, A(x, y) is the point spread
function, and S is the effective spatial region of
existence of the adjacency effect. In our calculations, S
was bounded by a circle of radius R with the center at
the observation point. The value of R was equal to
10 km for the near-ground aerosol and 100 km for the
stratospheric (volcanic) aerosol,! which corresponds to
an error of the order of 0.05° in simulation of the
radiative temperature.

A model of the inhomogeneous underlying surface
was specified in the following manner. The domain of
existence of the adjacency effect was subdivided into
two homogeneous subdomains with temperatures Tg
(with an area of S{) and T’ = Ts + dTg (with an area
of Sy), where S > S5, and the observation point was in
domain Sy. This model is characterized by two
geometric parameters:

a) the distance  between the dividing line and the
point (xg, yo),

b) the azimuth angle ¢’ between the projection of
the receiver's optical axis (ROA) on the underlying
surface and the dividing line.
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The increase of the distance r leads to the increase
of the area Sy and the decrease of the area S;. The
angle ¢ (¢ =90° — ¢') is the azimuth angle of the
point spread function,! and ¢ = 0° corresponds to the
situation when the ROA projection is perpendicular to
the dividing line but does not intersect it. Then the
intensity of the adjacency effect defined by Eq. (4) for
the inhomogeneous surface can be represented in the
form

TS0rE = ff(...) de dy + ff(...) dr dy.
S S5

Results of simulation of the point spread function

h(x, ), used for calculations of Jg%SRF and description
of its properties, were presented in the first part of this
paper.! The algorithm for direct simulation on
conjugate trajectories? was used for calculations of
TNt

For convenient practical interpretation, results of
analysis are presented as dependence of the temperature
corrections

8T, =T —T

» }L|dTS:0 }L|de¢0
on the parameters of the temperature inhomogeneities r
and Tg under various optical-geometric conditions of
observation.

3. OPTICAL-GEOMETRIC CONDITIONS
OF SIMULATION

Simulation was carried out under the following
optical-geometric conditions of observation: spectral
channels A =3.75 and 10.8 um, zenith angles of
observation 0 =0, 30, 40, and 55°, the range of
variation of distances » = 0 - 10 km for the near-ground
aerosol and 7 =0-100 km for the stratospheric
(volcanic) aerosol, azimuth angles of observation ¢ = 0,
60, 120, and 180°, and an altitude of observation of
800 km. The atmosphere was assumed cloudless,
molecular—aerosol, spherically symmetric, vertically
stratified, and horizontally homogeneous;
meteorological model of the atmosphere was used for
the mid-latitude in summer. Aerosol models were used
for the marine aerosol in the 0—2 km ground
atmospheric layer (for the meteorological visibility
range Sy =2-50 km) and the background or
postvolcanic stratospheric aerosol with moderate, high,
and extreme content.

The underlying surface was taken as Lambertian
surface composed of two homogeneous regions emitting
as black bodies with temperatures Tg and Tg+ dTs.
The magnitude of the temperature gradient varied from
— 20 to + 20 K.

The data wused in calculations of optical-
meteorological models of the atmosphere are illustrated
in detail by Fig. 1 of Ref. 1.
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4. SIMULATION RESULTS

Let us consider the temperature corrections
calculated as functions of the distance r between the
point of observation and the dividing line, temperature
gradient dTs, azimuth angle ¢, zenith angle 0, and
optical thickness of aerosol scattering zy. First of all,
we notice that the temperature gradients may markedly
affect the radiative temperature T,. So, at the angles
6 = 0—55° the maximum values of 87T, (at the
interface), according to our estimates, are equal to
~4.1-5.4° (A = 3.75 pm) and ~ 0.7—1.2° (A = 10.8 pm)
for the near-ground aerosol and ~1.3—3.6°
(=375 um) and ~0.2—0.7° (A =10.8 um) for the
stratospheric aerosol.

Results of calculations of the radiative temperature
contrast T, at the interface are tabulated in Table I for
dTs=+20°. In the upper row of the table the
difference between T, for homogeneous surfaces with
temperatures Tg and Ts + dTg is given. Comparing the
data of the upper and lower rows, a conclusion should
be drawn that an account of mutual contribution of
radiation scattered by an adjacent region of the surface
may result in essential decrease of the temperature
contrast.

Analysis of the data shown in Fig. 1 allows us to
identify some characteristic features in the behavior of
8T, depending on the distance » and azimuth angle ¢.
For more vivid presentation, the results of &T,(r)
calculation are illustrated separately by plots inserted
in Fig. 1 for the near-ground aerosol with » <1 km.

The temperature correction 8Tg is a monotonically
decreasing function of the distance » for both types of
aerosols, with the rate of &T,(r) decrease being
determined by the parameters 0, ¢, and 7t¢ In
particular, the rate of decrease of 87T, is slowed down
with increasing 6. The azimuth dependence of the
temperature correction is characterized by the maximum
values of 8T, at ¢ = 180° for » < r{ and at ¢ = 0° for
7 > ry. The minimum of the function 8T, () occurs at
distances 7 <7* and ¢ = 0°, but its position shifts
gradually with a further increase in 7. The values of 7y,
ry, and 7* are determined by the optical-geometric
parameters of observation. An exception is the case of
the stratospheric aerosol for A = 10.8 um at 6 > 30°,
when the function 87,(¢) reaches its maximum at
¢ = 180° practically for the entire range of distances r
and its minimum at ¢ = 0°.

It also should be noted that the difference between
8T, (¢ = 0°) and 8T, (¢ = 180°) exceeds the significance
level (~0.5°) at distances ~ 1 km at 8=45° (dTg>15°,
Sy~2-3km) and ~1—3km at 0=55° (dTs>5°, Sy ~ 2—
10 km) in the case of the near-ground aerosol. In the
case of the volcanic aerosol, azimuth differences exceeds
0.5° at distances 10—15 km at 0 = 45° (dTs > 15°) and
15—40 km at 6 = 55° (dT5 > 10°).
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FIG. 1. Dependence of 8T,(r) for near-ground (Sy = 5 km) and stratospheric (high-concentration) aerosols for the
temperature gradient dTs = +20° at zenith angles 0 = 0° (dotted curves) and 45° and azimuth angles ¢ =0
(asterisks), 60 (dashed curve), 120 (solid curve), and 180° (empty circles).

TABLE I.
Aerosol
Near-ground Stratospheric
0,° SM=2km | Sy=5km | Spp=10 km | Extreme | High | Moderate
A =3.75 um
0 14.16 15.36 15.99 17.09 17.15 17.18
7.19 11.99 14.25 14.93 16.31 16.88
45 1 13 14.10 16.02 16.13 16.18
4.18 9.27 12.10 13.31 15.04 15.85
35 7.98 10.24 11.79 14.89 14.97 15.01
1.80 6.38 9.64 11.45 13.58 14.59
A =10.8 pm
0 13.17 14.05 14.36 14.20 14.53 14.67
11.72 13.35 13.96 13.81 14.39 14.62
45 10.04 11.28 11.74 11.61 12.04 12.23
8.46 10.48 11.28 11.11 11.86 12.17
55 6.85 8.27 8.83 8.84 9.28 9.47
5.31 7.43 8.34 8.16 9.02 9.39
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FIG. 2. Dependence of 8T,(14) in the case of near-ground (Sy =5 km) and stratospheric (high-concentration)
aerosols for the temperature gradient dTs = +20° at zenith angles 6 = 0° and 45° (indicated by symbols), azimuth
angles ¢ = 0 (asterisks) and 180° (empty circles), and distances r = 0 (dashed curve), 1 (solid curve, the near-
ground aerosol), and 10 km (solid curve, the stratospheric aerosol).

The maximum difference between &7,(¢ =0°) and
8T, (¢ = 180°) may reach 2.5—2.8° in the channel
A = 3.76 um, whereas it is no more than 0.6—0.9° in the
channel A = 10.8 pm.

Now we analyze the influence of optical thickness
of aerosol scattering on the corrections 87T for various r
with the use of data shown in Fig. 2. It follows from
these data that 8T, increases monotonically with
increasing 7,y for the entire range of distances
0 <r <r* (where 7* ~ 1 and 10 km for the near-ground
and volcanic aerosol, respectively), which determines
the domain of significant (from a practical point of
view) influence of the temperature gradients on T,.
However, a tendency to violate the monotony of
8T, (tst), like in the case of point spread function,!
becomes pronounced for low visibility ranges and

near-ground aerosols. The shape of the curves 87T, (1)
allows us to assume that the dependence 8T, (ty.)
may be described by a power-law function, whereas a
linear approximation is reasonable for the volcanic
aerosol.

Describing the relations of temperature corrections
8T, with the optical-geometric parameters r, 8, ¢, and
Tiet, their good agreement with analogous dependence
of the point spread function on these parameters!
should be emphasized.

We will consider the influence of the temperature
gradient dTs on the magnitude of 8T, (see Fig. 3). In
the figure, the curves calculated at 6 =0° and
r =10 km (A = 3.75 um) for the volcanic aerosol merge
with the curves calculated at ¢ =0° and » =10 km
and ¢ =180° and » =0 km. Analysis of the curves
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shown in Fig. 3 demonstrates that the function
8T, (dTs) is nonlinear in the channel A =3.75 um
and practically linear in the channel A = 10.8 um,
which is determined by the temperature dependence
of Planck's function in these spectral regions. In this
connection, the absolute values of the temperature

corrections in the channel A =3.75 um may differ
noticeably for gradients being equal in magnitudes
but opposite in signs. So, the maximum difference
reaches 1.9—2.4° for the near-ground aerosol and 0.7—
1.7° for the stratospheric aerosol at ¢ = 180° and
0 = 0—55°.
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FIG. 3. Dependence of 8T, on dTs for near-ground (Sy =5 km) and stratospheric (high-concentration) aerosols at
zenith angles © = 0° and 45° (indicated by symbols), azimuth angles ¢ = 0 (asterisks) and 180° (empty circles), and
distances r = 0 (dashed curve), 1 (solid curve, the near-ground aerosol), and 10 km (solid curve, the stratospheric

aerosol).

Generalizing the preceding, a conclusion can
be drawn that the temperature gradients influence
the quality of correction of remote measurements in
the channel 10,8 um for the effect of the atmosphere
only under ‘“extreme" conditions of observation
(S <5 km, 0>45° dTg~20° and r<0.5—1 km).
Consequently, to correct the data of satellite remote
sensing of the underlying surface (recorded with spatial
resolution of 0.5—1.0 km), the adverse effect caused by
temperature inhomogeneities should be considered

primarily in  the  channel A =3.75 um. In
so doing, the relative positions of the point of
observation and the interface should be taken into
consideration, as well as the orientation of the
receiver's optical axis and magnitude and sign of the
temperature gradient.

Estimates of 7,,x such that the condition
8T, (r) > 0.5° is satisfied at » > r,,,, may be of interest
for users of the data of IR remote sensing of the
underlying surface. These data are shown for the
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FIG. 4. Dependence of ryax on the optical thickness o for the near-ground aerosol (A = 3.75 pm) at zenith angles
0 = 0 (dashed curve), 30, 45, and 55° and azimuth angles ¢ = 0 and 180° for the temperature gradient dTg = +20
(empty circles), +15 (asterisks), +10 (triangles), and +5° (crosses).

channel A =3.75 um
aerosol) and in Table II (the stratospheric aerosol).

TABLE I1I.
Gradient dTg

Aerosol ¢ =0° ¢ = 180°

content +20°0 [+15° [+10° [+20° [+15° [+10°
0=0°
Extreme 9.406 6.048 1.490 — - —
High 0.807 0 0 - - -
6 =30°
Extreme 14.554 8119  1.472 15.028 10.245 5.316
High 1.209 0 0 4.433 0 0
0 = 45°
Extreme 20.666 11.648 1.391  25.374 19.901 14.254
High 1.293 0 0 12.089  6.277 0
6 =55°
Extreme 27.986 14.019 0 49.908 44.411 36.163
High 0 0 0 31.274  24.727 11.663

in Fig. 4 (the near-ground

Analysis of the values of 7,,, allows us, for

example, to estimate the distorting effect of the
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temperature gradients on the quality of data on the
oceanic surface temperature (OST) measured at regular
intervals from the NOAA satellites in channels
A =375 10.8, and 12.0 um with the wuse of the
AVHRR device with spatial resolution of the order of
1 km for local data (LAC data) and of the order of
4 km for global data (GAC data). The procedure for
automatic processing of OST global measurements3
includes, in addition to algorithms for atmospheric
correction, some tests for data rejection.

The so-called land /sea test, which obviates the
need for the correction for the atmosphere when pixels
are spaced at distances shorter than 10 km (day,
A =10.8 and 12.0 um) or 50 km (night, A = 3.75, 10.8,
and 12.0 um) from the land—sea interface is among
them. Analysis of values of 7., allows us to draw a
conclusion that this test must eliminate the distorting
effect of natural land radiation scattered by the aerosol
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on the quality of global data on OST for the entire
range of variations of the considered optical-geometric
conditions. However, mapping of OST of the coastal
region on the basis of high-resolution local remote data
calls for consideration of this distorting factor to
correct the data for the effect of the atmosphere.
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