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OUT ON A LIMB: MARS ATMOSPHERIC OPACITY DURING THE LAST HUNDRED 
YEARS. Bruce M. Jakosky, Laboratory for Atmospheric and Space Physics and Department of 
Geological Sciences, University of Colorado, Boulder, CO 80309-0392. 

Recent observations and analyses have given rise to some doubt as to whether the Viking mea- 
surements of the dust opacity in the martian atmosphere are representative of the current epoch. 
Zurek and L. Martin have used the historic record of telescopic photographs to suggest that global- 
scale dust storms may not occur every Mars year and, in fact, may have occurred only in the latter 
part of this century. Clancy et al. have used global microwave determinations of the atmospheric 
temperature profile since the mid- 1970s to deduce that there are large variations from one year to 
the next in atmospheric temperature and, presumably, atmospheric dust content. One way to get at 
the question of what is typical or representative of the current epoch (if such a concept is even 
valid) is to look at telescopic measurements during the last hundred years or so of the background 
atmospheric dust content as inferred from determinations of the martian diameter. 

Surprisingly, earth-based measurements of the diameter of Mars can be made with an uncer- 
tainty of only a few kilometers. If there is any dust in the atmosphere, the measured diameter 
refers not to the actual surface but, rather, to the altitude at which the line-of-sight opacity is ap- 
proximately unity. This effect can clearly be seen in the analysis by Jaquin et al. of spacecraft im- 
ages of the limb of Mars. The brightness through the atmosphere increases toward lower altitudes, 
and asymptotically reaches a nearly constant value at some altitude above the surface; this altitude 
varies seasonally between about 10 and 50 kilometers. If one assumes a constant mixing ratio of 
the dust, a line-of-sight opacity of one at this cut-off altitude, and a factor of 40 difference between 
the line-of-sight opacity at the limb and the vertical column opacity, then an estimate of the column 
opacity can be made. Clearly, this technique provides only a rough estimate of the opacity, as the 
assumption of uniform mixing (especially) may not be valid; such an estimate is useful, however, 
in comparing the historical record to the recent spacecraft analyses and in determining long-term 
averages of the opacity. 

In a detailed paper in 1964, deVaucouleurs analyzed all of the telescopic measurements of the 
radii of the terrestrial planets. He corrected the earlier observations for biases in the measurement 
technique and selected those measurements of highest quality. For Mars, the following results 
were obtained for the polar and equatorial radii using measurements made between 1890 and 1956: 

Number of Number of Radius Uncertainty 
Observers Nights 

Polar 4 
Equatorial 6 

For comparison, the current best determinations of radii for Mars using spacecraft data are a polar 
radius of about 3377 km (average of north and south poles) and an equatorial radius of about 3394 
km (average of two axes of reference ellipsoid). Amazingly, the telescopic observers got the right 
value for the polar radius but were 20 km high for the equatorial radius. The fact that the telescopic 
observers got the correct values for Mercury, Venus (at the height of the cloud tops), and the Mars 
polar radii helps provide some confidence that the results are believable. 

Assuming that a line-of-sight opacity of 1 corresponds to a vertical column opacity of 1/40, 
then uniform mixing would imply that the column opacity to the surface is approximately (1140) x 
(exp(z/H)). For H = 10 km, the column opacity at the surface corresponding to a line-of-sight 
opacity of one at 20 krn altitude is 0.18. Using the formal uncertainties in the height to the top of 
the dust layer, the opacity could fall anywhere between 0.13 and 0.26. The uncertainties in the in- 
terpretation presumably allow a slightly wider range of opacities. 
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Two important conclusions follow from this analysis: First, the polar dust opacity appears to 
be significantly smaller than the equatorial dust opacity, and may be extremely small (< 0.05). 
This suggests that, on average, relatively little dust is transported into the martian polar regions or, 
if any dust does make it to the poles, that it is rapidly removed from the atmosphere without leav- 
ing behind any residual cloudiness. Second, the equatorial dust opacity is relatively small, but not 
too different from that seen by the Viking orbiters and landers. Keep in mind that this value repre- 
sents an average of many separate Mars years between 1890 and 1958 and of many different sea- 
sons; there may also be as-yet-unknown biases based on whether the telescopic observers chose to 
make observations during some of the dustier times, for example. Clearly, however, the equatorial 
dust opacity does not appear to be more than a factor of a couple different from that seen by 
Viking. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


