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2934 POLLACK ET AL.: MARS VOLATILES

TABLE 2. Number of Local Dust Storms Observed From Viking -~~~

Orbiter 2
Number Number/
Period, of Local 100
V02 Dust  Revolu-
L Revolutions Description Storms  tions
177-206 131-180  pre-dust storm | 5 10
206-244 180-240 rapid decay phase, 2 33
storm |
244-274 240-285 slow decay phase, 4 8.9
storm |
274-327 285-374 rapid decay phase, 1 1.1
storm 2

and backward hemispheres (it equals 0 for isotropic scattering
and | for totally forward scattering), and Q. is the ratio of the
interaction cross section to the geometric cross section.

All the above dust particle properties can be derived from
analyses of the Viking lander imaging observations of the
Martian sky and the sun. According to paper I, the dust
particles were uniformly mixed within the bottom few scale
heights of the atmosphere during the primary portion of the
mission. It seems likely that they were also uniformly mixed at
other times, although further analysis is required to confirm
this hypothesis.

The optical depths, which were discussed in the preceding
section, are characterized by an effective wavelength of 0.67
um. At other wavelengths, the optical depth scales linearly
with Q.. For the particle sizes of interest, 0, at 0.67 um lies
within a few percent of the value of Q, averaged over the solar
spectrum. Thus, we can equate the measured value of = with its
value averaged over the solar spectrum. As was mentioned
above, it is best 1o use the P.M. values of optical depth to
characterize the dust component since, at least during the

T

BRIGHTNESS

6 —

AZIMUTH, deg

Fig. 4. Comparisons between the observed angular variation of
sky brightness and that of a theoretical model characterized by a
modified gamma function witha = 2, v = |, and ra = 0.4 um. The
angular coordinate is the azimuthal distance [rom the sun in degrees.
The observed curve was derived from an image taken at VL 2 on sol 52
with a blue diode having an effective wavelength of 0.49 um (camera
event 21 B 220). The theoretical curve was normalized 10 agree with
the observed value at an azimuth of 25°.

S UM
A8 1~ P
§ 36
= OBSERVED (IR1 DIODE)
&
x
0 24|
PREDICTED (7 = 2.5um)
Az
. | | | [ |
5 15 25 35 a5 55
AZIMUTH, deg

Fig. 5. Same type of comparison as in Figure 4, but here the
observed data were taken with the IRI diode having an effective
wavelength of 0.87 um (camera event 21 B 221).

primary mission, the A.M. values have a nonnegligible contri-
bution [rom a ground fog. '

The remaining properties—a,, (cos 6), and Q,°—can be
found once the particles’ size distribution, shape, and optical
constants are known. As was discussed in paper |, the latter set
of parameters can be derived from the photometric character-
istics of the Martian sky, as observed with the lander cameras.
For this purpose, a numerically accurate computer program is
used that incorporates a newly developed method for treating
scattering by nonspherical particles and that allows for mul-
tiple scattering within the aerosol layer and the radiative inter-
action of this layer with the surface.

Preliminary estimates of the cross section ‘average mean
particle radius, 7, several shape factors ALFO and FTB, and
the imaginary index of refraction n, at wavelengths ranging
from 0.5 to 1.0 um were obtained in paper | from an analysis
of primary mission pictures. In accord with the properties of
commonly abundant silicates, the real index of refraction. #,,
was assumed to equal 1.5 and be independent of wavelength in
the visible and near infrared. Unfortunately, analysis of addi-
tional pictures from this primary mission have shown that the
estimated value for 7 of 0.4 xm leads to certain inconsistencies.
While such a value for F gives a good match to the angular
variation ol the sky brightness close to the sun for pictures
taken with a blue filter, it gives an unsatisfactory fit to analo-
gous data obtained with red and near-infrared filters. Larger
values of 7 are required to fit these longer wavelength results.

The above problem can be attributed to their existing two
possible solutions for the value of 7 for the blue picture ana-
lyzed in paper |. One solution is # = 0.4 um, while the second
solution is an 7 of several microns. By analyzing data at several
wavelenths and/or over a largersrange of angles close to the
sun, we can resolve this ambiguity. As was noted above, the
smaller value of 7 provides an unsatisfactory fit to data at other
wavelengths. For the purpose of examining further the larger
value of 7, we have chosen 10 represent the particle size distri-
bution function, n{r), with a modified gamma function:

n(r) = cr" exp [—(a/YXr/rm)7] (1
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Fig. 9. {(a) Comparison between the observed angular variation of sky brightness and that predicted by models having
varying values of the parameter 4 LFO. The observed curve was obtained from the panorama picture taken at VL-1 on sol 0
at 1619 hours with the survey diode (camera event 12A002). At that time the sun’s elevation angle was 36.8° in local horizon
coordinates. The line scan shown in this figure refers to an clevation angle of view equal to 15°. Azimuth angles are
measured from the azimuthal pasition of the sun at the time of the picture. For the exact location of the picture, refer to
Muich [1977, Figure 1]. All theoretical curves were computed with RM = 0.4 um and FTB =2. They have been normalized
10 agree with the observed value at an azimuth of 95°. (b) Comparison between the same observed curve shown in Figure 9a
and the sky brightness values computed for aerosol models having varying values of FTB. All models have RM = 0.4 pm
and ALFO = 2. The theoretical curves have been normalized to agree with the observed value at an azimuth of 95°.

sition from an analysis of the wavelength dependence of the
sky brightness. For this purpose we used pictures taken close
together in time with some or all of the six narrow band
diodes. These six diodes are the blue, green, red, and three
near-infrared channels (IR1, IR2, and IR3), which span the
spectral region from about 0.4-1.1 um [Huck et al., 1977). In
performing this analysis we used values derived in the last
section for most of the aerosol and ground properties. The
only free parameters now are the values of the imaginary index
of refraction of the aerosols n, and the geometric albedo of the
surface B,. These are the two parameters that should vary the
most with wavelength. They are determined in an iterative
manner along the lines of the procedure used in the previous
section. Note that the analysis carried out in the last section
yielded m, and B, only for the blue and survey diodes.

The analysis discussed above leads to estimates of n, for
each of the six narrow band channels. These values are in-
serted into a computer program analogous to the one de-
scribed by Park and Huck [1976] to obtain a coarse resolution
plot of n, as a function of wavelength. In effect, this program
removes the overlap in the wavelength coverage of the differ-
ent channels. To obtain the desired information about the
aerosols' composition, we compare the absolute value of n,
and its wavelength dependence with values that characterize
plausible candidate materials. :

In addition to the above analyses we also used color pictures
to estimate the ratio of the red to blue brightness of the sky.
Such data are useful in a relative sense. Diurnal and seasonal
changes in sky color provide clues concerning the composi-
tional changes that accompany optical depth variations.

Results /

We obtained estimates of n, and B, from an analysis of the
absolute value of the sky and ground brightnesses found from
images obtained on sol 39 at VL-1. Commencing at approxi-
mately 1311 hours, pictures were taken in quick succession

with each of the narrow band diodes. At this time the sun’s
elevation angle was approximately 77.7°. The absolute bright-
ness values of the sky were found by averaging a 20 X 20 array
of samples centered at an elevation angle of 12° and an azi-
muth of 26° from the sun's azimuth, while a similar averaging
was used at elevation and azimuthal angles of —7° and 54°,
respectively, to find absolute brightness values for the surface.
Figure 10 illustrates the manner in which n, was determined
for the blue diode. The straight horizontal line shows the
observed value of the sky brightness in the usual reflectance
units. The curved line shows the theoretical dependence of the
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Fig. 10. Illustration of the procedure used to find the imaginary
index of refraction n,. The horizontal line shows the observed value of
sky brightness, in refiectance units, found from a picture taken at VL-1
with the blue diode on sol 39 (camera event 12B069). The observed
value refers 1o a position lacated at an elevation angle of 20° and an
azimuthal distance of 26° from the sun. At the time of the picture,
1311 hours, the sun was at an elevation angle of 77.7°. For the exact
location of the picture, refer to Murch [1977, Figure 1]. The other
curve of this figure shows the theoretical dependence of sky brightness
at this position as a function of a,. The inferred value of n, is found
{rom the intersection of the theoretical curve with the horizental line.
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