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1.

2.

Introcduction

This work was nndertaken to assess the effects of dust and fog on generic
terminal-homing infrared (IR) sensors. Transmission and path radiazce
effects for the mid- and far-1IR wavebands were evaluated by using the
EOSAEL computer models FCLOUD [Turner 1987). XSCALE {Fiegel
1992}, and LOWTRAN 7 [Kneizys et al. 1939]. Note that the figures in
this document refer io 6. which is the Beer’s law extinction coefficient.
All extinctions should be interpreted as IR extinctions.

Computer Models and Scenarios

The primary model uszd for this study was FCLOUD because of its
ability to calcuiate path radiance and transmittance through dust and
fog clouds. The IR wavebands of interest were 3 to 3 um and S to 12 um.
Path radiance calculations (in watts per meter*-steradian-micrometer)
were in terms of thermal emission, scattering. and total path radiance.
For nearly ail runs. the thermal path radiance comorised well over 90
percent of the total path radiance. This report presents only the total
path radiance results.

FCLOUD computer runs were initially performed to generate trans-
missior and path radiance data for 200-m path lengths through mod-
erate fog, heavy fog, and heavy dust. These runs used extinction coef-
ficients retrieved from the Phase Function Data Base model PFNDAT
{Shirkey et al. 1987]. The phase function identifiers used were 25 for
heavy fog, 26 for moderate fog. and 51 for heavy loading dust. The
heavy and moderate fog models used by PFNDAT were taken from
the work of Sheitle and Fenn [1979]. The visibilities associated with
these models zre 130 m for heavy fog and 430 m fer moderate fog. For
heavy fog. the particle mode radius is 1.9 gm with 2 number density
of 20 particies/cm?: for moderate fog. the mode radius is 2.0 pum with
2 number density of 206 particles/cm®. As a2 means of comparison with
FCLOUD. the models XSCALE and LOWTRAN 7 were then run to
calculate transmission for moderate and heavy ‘og. LOWTRAN 7 was
set up to usc the default inodel visibiliti 00 m for modecrate fog
and 200 m for heavr fog. The XSCALE tras  ission runs used visibil-
ities identical to thuve of FCLOUD i an at*cmpt to provide a better
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comparison with the FCLOUD results. All of the first set of runs as-
sumed a Z00-m path length, single scattering. and a sclar zenith angle
of 45 degrees. Additional FCLOUD muitiple scattening calculations
were imade over an 800-m path and solar angie of 15 degrees.

In addition to moderate and heavy fog clouds, heavy loading dust
ciouds were considered for this study. Such a dust consists of particles
with a bimodal size distribution that ranges from a fraction of 2 micron
for the small mode tec well over 10 um for the large mode {Shirkey et
al. 1987]. The number density was taken to be approximately 189
particles/cm® (comprised overwhelmingly of small-mode particles).

Note that the visibilities given for dust in figures 1-4 and figures
25-34 were derived from the Koschmieder equation

3.912
-3

|4 (1)
where V is the visibility (meteorological range) in kms and 3 is the visi-
ble extinction coefficient. The visibility of 2.5 km for the dust runs that
used PFNDAT (shown in figures 1-¢ and figures 29-30) was derived by
using the visible extinction for heavy dust given in table 1 of Shirke:
et al. [1987]. The visibilities for the remaining dust figures were esti-
mated by assuming the visible extinctions were a close approxiination
to the given IR extinctions. These values were then used directiy in
the Koschmieder equation. This assumption is valid and is justified by
noting that the extinctions for heavy dust shew hittle variability from
the visible to the far-IR (table 1 of Shirkey et al. 1937). This charac-
tenistic of neutral extinction for heavy dust has also been observed by
Jennings, Pinnick, and Auvermann [197§] and by Pirnick. Fernandez.
and Hinds [1983].

For all computer runs. usless otherwise noted. the following input
parameiers were used.

¢ Clsuds were assumed 10 be 2t ground level with source and re-
ceiver positions at opposiic eads of the cloud.

o cloud temperazure 1.3° C.
e atmospheric temperature 20° C.
e atmospheric IR optical thickness 0.33 {(FCLOUD modelh.

¢ background surface albedo 0.5.

o background radiance {watts per meter-sterad:an-micrometer) cal-
culated by FCLOUD.




3.

3.1

e solar zenith angle 15 degrees | 15 degrees for all multiplescattering
runs).

e solar azimuth angle of 270 degrees.
s lunar dav set to zero, thus only solar irradiance was calculated.

FCLOUD by default uses 2 relatively l;m- IR extinction for heavv
dust (approximately 1.5 km™!). Therefore. the following additional
FCLOUD dust runs were made using extinctions of 3.0 and 4.0 km™".

e Path radiaace. Single scattering. Solar zenith angle of 45 degrees.
200-m path lengih.

e Path radiarice. Multiple scatiering. Solar zenith angle of 15 de-
grees. 300-m path length.

e Transmittance. Multiple scattering. Solar zenith angle of 15 de-
grees. 300-m path length.

Results

FCLOUD Calculations for Dust and Fog

Figures 1 through 12 show FCLOUD path radiance and transmission
results using extinction coefficients stored in PFNDAT. The FCLOUD
computer runs assumed single scattering. a solar zenith angle of 45
degrees. and 2 200-m path length. Note that the extinction coefficient
given for each figure is the average for that waveband: the actual exiinc-
tions vary according to the calculations performed in PFNDAT based
on the sensor’s wavelength response. The figures clearly indicate that
IR transmission through fog is greatly attenuated. The attenuation due
to dust would be considered noderate.
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3.2

Tranamittance

LOWTRAN 7 and XSCALE Transmission
Results for Fog

Figures 13 through 20 show LOWTRAN 7 and XSCALE transmission
results for moderate and heavy fog. Note that LOWTRAN 7 super-
imposes the aerosol effects on the attentuation caused by atmospheric
gases. LOWTRAN T was run using the default visibilities (300 m for
moderate fog and 200 m for heavy fog). The XSCALE runs used vis-
ibilities identical to those of FCLOUD to provide a better means of
COmparison.

Figures 21 through 24 directly compare the FCLOUD results with
those of LOWTRAN 7 and XSCALE. The models show the same gen-
eral level of transmittance across each waveband. Both FCLOUD and
XSCALE use the fog models of Shettle and Fenn. thus the results pro-
duced by each are nearly identical. The falloff at 4.3 ym for LOWTRAN
7 1s due to absorption by molecular CO,. The higher transmittance
shown in figures 23 and 24 for LOWTRAN 7 as compared to FCLOUD
and XSCALE is 2 function of the significantly higher visibility of 290
m used by the LOWTIRAN 7 mcdel for heavy fog conditions.
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id




Transmittance

0.8

o-s— /—/\ -
B ,
P .
o.4§/ .
02: .
00! )
8 9 10 11 12 i3

Vfavelength {microns)

kgWTRAN-? modal N
0 m path !sngth visibilly 500 m

Figure 14: Moderate fog transmit:ance {LOWTRAN 7. far IR)

Transmittanco

0.20:

0.15;

L A VI I S R IR
v . P )

o
o
0

3.0 35 4.0 45 50
\Wavelengih {microns)

XSCALE mqde!
Y g?eng:h visdiEly 430 m

Figure 15: Modcrate fog transmittance {NSCALE. md IR




Transmittance

0.6;

04:

Transmittance

02¢

0.01
8 9 10 11 12
Wavelength (microns)

CALE model
AL R visbifty 450 km

Figure 16: Moderate fog transmittance (XSCALE. far IR)

0.015 : TSN
I’ /‘ i -
¢ 'l " i - .
0010} . :», )
4
0.005 - )
0.000 . —
25 30 35 40 45 5.0

Wavelergth {mxrons)

LOWTRAN-7 model .
<00 m path langth visibifity 200 m

Figure 17: Heavy fog transmittance (LOWTRAN 7. mid IR}

16




Transmittance

0.0201 -

¢

0.015;

0.010}
——— 7

’

2.005 ;

0.000 .
8 9 10 11 12 13
VYavelength (microns)

; WTRAN-7 moedel .=
209 m path lsagth visibity 200 m

Figure 13: Heavy {og transmittance (LOWTRAN 7. far IR)

.




Transmittance

Transmittance

0.0020 R

C.0015¢
0.0010;
0.6005;¢
0.0090 .

3.0 35 4.9 45 5.0

Wavelength (microns)
ggc.u: .
Oom pa angth vistbi®y 130 m

Figure 19: Heavy fog transmittance (XSCALE. mid iR)

0.0030°¢ :
0.0025; ™~

0.0020:
0.0015¢
0.0010:

\_—/’/

0.0005;

0.0000 :
8 S 10 11 12
Wavelength (microns)

BrARRE visbiEty 130 m

Figure 20: Heavy fog transmittance {NSCALE. far IR}




3.3

3.4

Heavy Dust Clouds

Some additional FCLOUD computer runs ivere made to calculate path
radiance through 2 heavier dust cloud by using constant IR extinctions
of 3.0 and 4.0 k™. This constant transmission is achieved by varving
the mass-density of the dust at each wavelength. Figures 25 and 26
show the path radiance for an extinction of 3.0 km™! and figures 27
and 28 show path radiance results for an extinciion of 4.0 km™!. These
results are consistent with previous FCLOUD runs.

Multiple Scattering

The final FCLOUD runs involved the folicwing changes in the computer
input.

o Multipie scattering.
e Solar zenith angle of i35 degrees.
¢ 800- path length.

Figures 29 and 30 show path radiance in which extinctions have been
calculated by using PFNDAT. Figures 31 and 32 show path radiance
results for an extinction of 3.0 km™!. and figures 33 and 34 show path

radiance for an extinciion of 4.0 km™%.
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4. Ccnclusions

This study iavestigated the effects of dust and fog in the 3- to 5-um
and 8- to 12-um wavebands. The results show that IR transmission will
Lc greatly atientuated in heavy fog and to a iesser extent in moderate
fog. Output from the fog runs cf the FCLOUD model is corroborated
by both the LOWTRAN 7 and XSCALE models. A poor performance
for an IR sensor under these conditions is anticipated.

The dust results were gathered from the FCLOUD model only. The
highest IR transmission occurs when FCLOUD is run using extinctions
as taken from PFNDAT (on average about 1.5 km™?) for the single scat
tering case and a 200-m cloud. Attenuation is greatest for extinctions
of 3.0 and 4.0 km™! for the multiple scattering scenario with an 300-m
cloud. As the dust loading becomes heavier (and extinction increases).
the attenuation will become even more severe.
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