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We consider here some results of statistical simulation of thermal
radiation distorted by aerosol in the spectral channel at 3.75 pm at the
presence of high-temperature small-size spatial anomaly on a homogeneous
surface. The observations of small-size fire cells from space through the turbid
atmosphere by means of the instrument with a medium spatial resolution have
been simulated for different optical-geometrical situations. Investigations
have been carried out in the frameworks of the theory of linear systems in the
optics of disperse media.

We also present data characterizing the distorting effect of different
aerosols: continental and urban in the near-ground layer, as well as the post-
volcanic layer in the stratosphere on measurement results. The analysis of
calculational data has shown that aerosol factor can noticeably affect the
accuracy of solution of the problem of early finding and estimation of the
small-size fire cell from the satellite data in the case of high turbidity of the

near-ground atmospheric layer.
1. INTRODUCTION

The results of simulation of the upwelling
thermal radiation scattered by aerosol in the spectral
channels of 3.75 and 10.8 um for the case of large-
scale temperature gradient on the underlying surface
were considered in Ref. 2, as well as the situations
were determined where the distorting effect of the
gradients on the radiative temperature recorded by
the instrument is more than 0.5 K due to the aerosol
scattering. These results are based on the data on the
pulse response of IR-channels (point spread function)
obtained earlier! for different optical-geometrical
conditions.

In this paper we study the effect of aerosol
scattering on the intensity of upwelling thermal
radiation  for  different type of temperature
inhomogeneities, i.e., small-scale high-temperature
anomalies. As in the previous case, the study is aimed
at practical applications and is related with the
problem on increasing the efficiency of the algorithms
of  aerospace  detection and  estimating  the
characteristics of the forest fires at the initial stage of
their life. Thus, the term “small-size” refers to the
situation when the size of high-temperature area is
smaller than the element of the field of view of the
radiometers of a medium spatial resolution.

It is necessary to note that serious attention in
literature is paid to the study of different aspects of
this problem, the creation of effective techniques and
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prompt algorithms of its solution.>® There is also

practical experience of using the satellite data for
these purposes. The detailed overview of the modern
state of the problem on early detection of the forest
fires is presented in Ref. 3. The necessity of making
atmospheric correction of the satellite data to achieve
reliable solution of the problem is also considered
here. However, the algorithms of atmospheric
correction proposed for these purposes do not take
into account the distorting effect of aerosol
scattering. This paper presents some results that
make it possible to quantitatively estimate possible
effect of the size of the forest fire cells at the early
stage of their development.

Let us make two comments in the conclusion of
the introduction. It is known that the results of
remote measurements in the spectral range of 3—5 pm
serve as the main decoding parameter of the small-size
fire cell. Because of this reason, we are limited by the
study of the problem only for the channel at 3.75 pm.
The second note is related to the technical problem on
the existence of a “saturation threshold” for measuring
in IR-channels, which is located in the range of 320—
330 K for many instruments, in particular, for the
AVHRR radiometer. In this paper we do not take into
account this limitation, not considering it as a principle
one. The example of solution of this technical problem
is the MODIS instrument that has the IR channels
with the saturation threshold of 400—-500 K for
detecting the fire cells.
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2. BASIC FEATURES OF THE SIMULATION

As earlier,? the calculation was performed of the
intensity J, and radiative temperature T, of the
natural radiation of the “atmosphere — underlying
surface” system

Lo=Ji+ 1", Tw=BiL],
To=Toa+ Tsore s Joo = Tarm + Jsowe
Joure (&', y) = By [T, (2, y)] exp (— 1),
J st (2, ) =

= ff/lx(x —x', y —y) By [TLx, y)] dx dy,
S

0 0 MS MS
where Jarm, Jsure, Jatm and  Jsgrp are the
contributions of the atmosphere and the underlying

surface into the intensity of direct (J9) and

scattered (/) radiation, respectively, (x', y') are
the coordinates inside the area Sy; t is the optical
thickness of the atmosphere; B, is the Plank
function; Bf1 is the inverse Plank function; T is
the underlying surface temperature; n(x — &', y — y')
is the point spread function; S is the effective
spatial area of the adjacency effect formation. In
our calculations S was limited by a circle with the
center at the point of a cross of the optical axis of
the receiver with the Earth’s surface (xg 7o) and
the radius R.

However, in the case under consideration it is
necessary to take into account that the scale of
inhomogeneities is comparable with the surface
resolution S, of the receiver. So we have calculated

the intensities of the direct 7§URF and scattered

—MS .
J surr radiation averaged over the area S,

=0 1 0
J surr = S, fff surr (', ') dx’ dy',

So

— 3 1 .

T Sukr = S, fff sore (2, y') dx' dy'.
So

Assuming that the point spread function is
invariant with respect to the shift in the limits of the

field of view of the receiver, when calculating 724USRF
we used the function 7A(x, y), the results of
simulating of which and the description of its
properties are given in Ref. 1.

3. OPTICAL-GEOMETRICAL CONDITIONS OF
SIMULATION

As before, observations from satellites of NOAA
series by means of IR channels of AVHRR radiometer
were simulated in the numerical experiments:
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spectral channel A =3.75 um
zenith angle of observation ® = 0 and 45°
altitude of the observation platform 800 km

area of the element of spatial resolution
of the instrument: So~ 1 km? at ® = 0°,
and So~ 4.0 km* at © = 45°.

Simulation was performed for the following
optical and meteorological conditions of observations:
cloudless atmosphere, molecular plus aerosol
atmosphere; the atmosphere was also assumed to be
spherically ~ symmetrical,  vertically  stratified,
horizontally homogeneous; for meteorological model
of the atmosphere we took a midlatitude summer.

For aerosol models two situations were
considered:

rural and urban aerosol in the near ground
atmospheric layer up to 2 km (meteorological visual
range S, = 1, 2, 3, 5, 10, 20, 35 and 50 km) and the
background aerosol in the troposphere and the
stratosphere;

aerosol free atmosphere in the near-ground layer
and the model of post volcanic stratospheric aerosol
layer of the optical thickness from 0.015 (moderate
load) to 0.15 (high load), which has the maximum
extinction characteristics at the altitudes 15—20 km.

4. MODEL OF THE UNDERLYING SURFACE

The model of the underlying surface was set as
follows. The element of the area S, was selected on
the surface. The high-temperature part of the area
Sy < Sy with temperature Tj; was taken to be at its
center.

The value Sy = Ly x Ly (L is the linear size of
the fire) varied in the limits from 10x10 to
1000x1000 m?.

Fire temperature was taken Ty =600 and
1000 K, that corresponded to the smouldering and
combustion events. Temperature of the surrounding
surface was T, = 294.2 K.

5. RESULTS OF SIMULATION

Let us first consider the results of the study of
the first event: turbid near-ground layer combined
with the background aerosol in the troposphere and
the stratosphere.

Figure 1 presents the data that give the
qualitative and quantitative idea of the distorting
effect of molecular and aerosol components of the
atmosphere on the results of remote IR measurements
at different values of the linear size Ly and
temperature T of the fire. Comparison of the data
for rural and urban aerosol, when the difference in
the single scattering albedo reaches 1.8 times, makes
it possible to separate out the role of scattering in
the aerosol distortion of the value of the linear size of
the high-temperature anomaly. Radiation temperature
of the absolute black body (ABB) corresponding to the
intensity of radiation SyBy(Ty) + (So — SiDB(Ty) as a
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function of Ly is also shown here. As was expected,
the analysis of the data obtained allows us to note,
first of all, that the distortions from the molecular
component under the midlatitude summer conditions
dominate over others. It is just this the circumstance
that explains the fact that the stage of atmospheric

550

500

Radiative temperature, K
2
[

300

#7 Zenith angle ® = (°

S.V. Afonin et al.

correction is limited, as a rule, by taking into
account the molecular extinction only.® However,
the distorting effect of aerosol becomes comparable
with the molecular one, and it is necessary to take it
into account under conditions of high atmospheric
turbidity.

------ ABB T,;= 600 K
| — ABB 73;= 1000 K

—e— Rural aerosol
(Sp = 2km)

500
450
—a— Urban aerosol

400

350

300 F ﬂéﬁﬁg.._—@;ﬁﬂx ,
Zenith angle ® =45°
1 1 PR 1

" gl
10 100
Linear size of the fire, m

Ll
1000

10 100 1000
Linear size of the fire, m

FIG. 1. Radiative temperature as a function of linear size of the fire.

The quantitative estimation of the possible
aerosol effect on the accuracy of remote
determination of the size Ly; was performed using
the following procedure:

a) the value Li(t.,), i.e. the observed fire size
distorted by the aerosol-plus-molecular atmosphere,
was “reconstructed” assuming a preset value of the
radiative temperature T, based on the calculational
data at different values of the aerosol optical

thickness. Thus, the value L{(0) corresponds to the
case of the molecular (aerosol free) atmosphere. The

results of calculating Liy at T, = 315, 350 and 400 K
are shown in Fig. 2 and demonstrate practically

linear increase of the value Lj; as 1., increases in the
entire range of the radiative temperature considered.
One also should note that the value T, = 315 K is
often used as a threshold for finding the minimum
detectable fire®;

b) then the degree of the decrease of the
observed fire size, which is caused by the neglect of
the aerosol factor, was estimated based on the value
Bow = L1i(taer)/L1i(0). The results of calculations
show that the relative variation of the coefficient k.,
as a function of 1, is quite accurately the same at
different values Ly and Ty. Thus, the relative error
in reconstructing the linear size of the high-
temperature anomalies with the above discussed
parameters depends only on t,,. The behavior of kR,
is shown in Fig. 3. If one neglects even the

molecular extinction (i.e. no correction for the
atmospheric effects is made at all), the coefficient
R.e: decreases by the value by a factor of 0.80—0.85
that represents the degree of distorting the linear
size due to the molecular component. This fact is
also shown in Fig. 3.

Let us formulate the results of the study for
the first situation.

a) Analysis of R, squared is indicative of the
possibility of noticeable errors which result in
underestimation (up to 1.5—2.5 times) of the fire area
from the satellite data, if one neglects the distorting
aerosol effect under conditions of high atmospheric
turbidity.

b) It follows from the data at the value
T, = 315 K that the linear size of the minimum
detectable fire cell at the absence of aerosol is in the
range of 15—50 and 30—100 m depending on the
observation angle and temperature Ty. The increase
of the atmospheric turbidity results in the increase of
this value by 15-30% (® =0°) and 25-50%
(0 = 45°).

¢) Comparison of the data for rural and urban
aerosols shows that for taking into account the
distorting effect of aerosol it is necessary, to know
T.er, the optical thickness of aerosol extinction.
Then, the increase of the portion of scattering for
the fixed value 1, from 50% (urban type) to 90%

(rural type) results in the change of the value L}
by only about 5—10%.
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FIG. 2. Fire size as a function of the aerosol optical thickness.
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FIG. 3. The value R, as function of the aerosol optical thickness.

Let us now consider the results of the study for
the second situation: there is an aerosol layer of the
enchanced turbidity of the volcanic origin in the
stratosphere. First of all, it is necessary to note that
stratospheric aerosol has essentially less (in comparison
with the near-ground one) distorting effect on the
measured radiative temperature at the presence of the
small-scale high-temperature anomalies. In this
connection we do not show the illustrations and
present only a brief list of the principal qualitative
data obtained in the case of extremely high content of
the volcanic aerosol in the stratosphere:

a) the error in remote estimations of the fire area
does not exceed 30%;

b) the increase of the linear size of the minimum
detectable fire is less than 6—129%.

Thus, under conditions of high turbidity of the
near-ground atmospheric layer the distorting effect of
aerosol can be a serious interference for the reliable
solution of the problem on detecting small-scale high-

temperature anomalies (fire cells) and determining
their temperature and size based on the spaceborne
IR data of a medium spatial resolution.
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