MILLIMETER ARRAY
MEMO NO._5¢

Millimeter-Wave Atmospheric Opacity and Transparency Curves

F. R. ScawaB anD D. E. Hogag
October 18, 1989

In earlier work pertaining to site surveys and characterization of telescope sites
(see MMA Memo. No. 51 and NLSRT Memo. No. 52) we used radiosonde mea-
surements, together with H. J. Liebe’s millimeter-wave propagation model [2,3], to
estimate millimeter-wave zenith opacity, at selected wavelengths, under the meteo-
rological conditions typical (at a given locale) of particular dates or seasons of the
year. By analyzing, in detail, a few selected portions of the radiosonde data archive
we can also generate estimates of millimeter-wave opacity and transmittivity across
all the radio continuum between 1 and 1000 GHz, for atmospheric conditions rang-
ing from excellent to poor. Here we give the results of such an analysis, in the hope
that this will provide useful perspective for the Millimeter Array studies and that
millimeter-wave observers (at the NRAO 12-Meter Telescope, for example) might
also benefit.

This work supplements an earlier study [4] by Martin and Ulich, who used
the AFCRL (1973) comipilation of molecular line data, in conjunction with the
U.S. Standard Model Atmosphere of 1976, to generate curves showing estimates of
atmospheric transmission vs. frequency for varied atmospheric conditions, the latter
characterized by the zenith-path integral of precipitable water vapor (PWV). Like
Martin and Ulich, we have chosen to use the column density of water vapor as the
key variable characterizing the observing conditions.

Liebe’s propagation model, which we have been using, is simpler than the
AFCRL model, in that it incorporates a reduced set of lines (44 O, and 30 H,0
lines) in the 20-1000 GHz range, complemented by empirical models of the water
vapor continuum (including far-wing contributions from lines above 1 THz) and
the non-resonant dry air spectrum. The AFCRL model includes a large number
of molecular transitions due to water vapor, oxygen, and ozone (2314, counting O
lines), ranging as high in frequency as 3 THz. Because ozone and a model of the up-
per atmosphere are included in their work, Martin and Ulich’s transmission curves
show fine structure due to this trace gas; these features, of course, are absent from
our curves—but otherwise, the overall forms are similar.

For the present study, we have chosen to analyze radiosonde data from Tucson,
Arizona, because of its proximity to the 12-Meter Telescope and because some of
the most interesting of the possible sites for the MMA are located in Arizona.
We selected radiosonde launches and base-altitudes for numerical integration of the
atmospheric profiles such that the zenith column-density of water vapor (which in
our plots we label ‘PWYV’) was close (within +5%) to some nominal value, say 1 mm.
In the attached figures we present results for radiosonde launches corresponding to
nominal PWYV values of 0.5, 1, 2, 3, 4, 8, and 16 mm.



Parenthetical remark: In this memorandum we follow the custom of atmo-
spheric physics and define the opacity r(v) at frequency » in such a way that the
zenith-path atmospheric transmission, or transparency, is given by e~7(*), In this
definition, the attenuation of a signal passing through an atmosphere of opacity 7
isl—e™".

Figure 1 shows plots of the atmospheric opacity 7(v), over the frequency range
1 to 1000 GHz, for nominal PWYV values of 0.5, 1, 2, 3, 4, 8, and 16 mm. Opacity
and transparency were computed over this frequency range in steps of one gigahertz;
if we had chosen a smaller frequency increment, therr some of the peaks in the
opacity curves would have been noticeably higher, but, since it is the atmospheric
windows that are of primary interest to astronomers, we felt that this frequency
resolution would suffice. In order to easily find a radiosonde launch with the selected
PWYV level, we chose base altitudes of 13750 ft for PWV = 0.5 mm, 12000 ft for
PWYV =1 mm, 10500 ft for PWV = 2 mm, and 6275 ft (the Kitt Peak altitude) for
the other cases.

In order to get an idea whether the data we selected might be atypical—and
to estimate how much scatter we might have observed, had we chosen to analyze
more radiosonde launches—we selected ten additional launches with a nominal PWV
value of 3 mm. The corresponding ten opacity curves are shown in Figure 2, together
with the 2 mm and 4 mm curves that were shown in Figure 1. Within each of the
atmospheric ‘window’ regions, the 2 mm and 4 mm PWYV curves bracket the ten
3 mm curves.

Figures 3 through 9 are separate plots of the same data as were shown in
Figure 1. Figures 10 through 16 show the corresponding atmospheric transparency
curves e~7(¥),

Figures 17 through 21 show typical curves of the atmospheric opacity across
five ‘windows’ of the millimeter-wave spectrum: 24-56 GHz, 64-118 GHz, 120-
180 GHz, 185-320 GHz, and 326-366 GHz, respectively. Seven curves are shown
in each of these plots, corresponding to nominal PWV values, from bottom to top,
of 0.5, 1, 2, 3, 4, 8, and 16 mm, respectively. Figures 22 through 26 show the
corresponding atmospheric transmission curves; here the seven curves shown in each
plot correspond, from top to bottom, to nominal PWV values of 0.5, 1, 2, 3, 4, 8,
and 16 mm.
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