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The techniques of passive miggowave meteorology were used to measure atmospherié
‘ water vapor aensitiesAaﬁd cloud water content at 1 cm wavelength. Theoretical
and experimental values of surface waler vapor density were found to haveg a high
degree of correlation.  Po§tulated and observed sky br;ghtness tempepaﬁﬂres differed
by an average 3°K throughout the frequency spactrum.

Emission spectra of the earth's atmosphere were observed during the summer
of 1966'usih§ éAFive-channel §berheterodyne microwéve radiométer fed from a single
20~db entenna feed hornl Measurements were méde in the immediate region of the
Hp0 resonant line (22,235 GHz) at 19.0, 21.9, 22-235,'23.5, and 32.4 GHz. It was
desired to obtain experimeﬁtalAObservations'during meteorological conditions |
involving clouds, rain, and frontal paégage. In papticular,lthe data of August
2-3, 1966, depicting the passageaof ascold front over the Bogﬁon area, was se;gcted
for: detailed scrutihy-' Duration of this front was from 1330 to 0730 the next morning.
Temperatures and relative humidities from Logan Airport, Hanscom Air Force Base,
and from the radiometer site weres recorded throughout the experiment. "As a result
a complete spectral and meteorclogical hiétory of this particular front passa@e
was recorded and charted.® '

To correlate these experimental observations with éheory; modeling parameters
were introducéd. A standard atmospheric model was postulated‘with temperature
* being modeled linearly with height and_both pressure and water vapor density
dzcaying exponentially with height. Fifteen kilometers was chosen‘és an upper

)

Alimit of considerhtion‘since,nearlyAall atmospheric water vapor-lies below this
height. The atmosphere was stratiFied.into 60 homogeneous layers, each of 250
metérs thickness. Each layér was assumed isothermale Theoretical sky brighthess:

temperatures were then computed using:

. n : 3
-oliax,, =T L

. Ty =é T;(1=e” T e T and : Ti =§°-<ij

where: TA = temperature observed at ground level

T; = average temperaturé of layer'iﬂ
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C<£ = absorption coefficient for ith layer
axX; = path length of i"" layer

Using this model atmosphere as well as the sguations for sky brightness temperature,
theoretical emission speétra were generated. Figure 1 shows the consequences of
water vapor alone in the absence of clouds. In this as well as in the other
charts, smooth curves have been drawn connecting the five frequency points that
were both calculated and observad.

Although clouds possess no special microane'resonance, they do have identifying
spectral charactsristics. To illustrate the properties of clouds, a value. of
10.0 gm,/m:5 surface water vapor density was chosen and the parameters of cloud
thickness QA) and cloud liquid water density (L) for a cloud at a height of 1 km
above the earth were allowed to vary. Figure 2 resulted. The dashed line spectrum
represents the absence of clouds and is identical to the corresponding plot in
Figure 1. Cloud opacities affect spectral plots around 1 cm wavslength by an
increase in effective sky brightness temperatures as approximately the square of
the freguency. The spectra of Figue 2 represent a few of the many theoretical
spectra generated for matching purposes. Theip correlation to some of the ohserved
frontal.spectra are presented in Figure 3. Experimental values, accurate to within
ZDK, are solid while theoretical values are dashed.

In (:) of Figure 3 ths experimental spéctra shows a Faifly sharp HZD resonant
peak with the presence of some clouds. A model cloud of thickness 1 km and liquid
water density of 0.2 gm/m3 aﬁian altitude of 1 km was chosen. Surface water vapor
density was 15.0 gm/mS. Close agreement throughout‘ﬁhe frequency range of interest
was reached with maximum deviation reaching SOK‘at the low end. It is interesting
to note that the experimental va&ue of 14.98 gm/m3 for surface water density is in
closz agreement with ths modsl. Cloud cpacity ranges from 008 to 0234 nepers
across the frequency band and the cloud contributes a maximum of 13% to the total
opserved sky brightness temperature.

The model chosen for (:) was identical to that of (:) except that(Zwas
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increased %rom 15.0 to 17.5 gm/m3- Correlation is very good with a maximum of
4°K difference at 19.0 GHz: However, the difference in theory and experiment
indicates that the increase in spectral magnitude was actually dus to 5oth an
increase iﬁ L and A as weil as @,

| H;avy cloud activity was indicated by the substantial level increase and
shape alﬁeration of the observed frequency speactrum in <:> » Theoretically, A
Qas allowed to Jump to 3 km and_L'increased to 0.6 gm/mS. Also, @ was increased
to 20 gm/ms.in fairly close agreement with the observed valus of 19.0 gn/me
.Again a close match was obtained with deviations up to 3°K. Cloud contribution
'ranges from 55°K or 39% of observed signal at 32.4 GHz to ZDOK_or 25% of obseryed
signal at 19.0 GHz.

During the recording of spectrum (:) , appreciable amounté of rain fell.
Since the modeling parameters used did not take into account rain or scattering
effects, no accurate correlation could have been generated. Instead of attempting
to closely match the entire spectra, cloud parameters were. increased until sky
- brightness temperatures af~32.4 GHz were nearly identical. This was done in order
to determine how thick and how denée a cloud alone without rain would have to be
to produce such a large opacity (~1.6 nepers) and such a high_sky‘brightness
temperature (280°K). IA cloud 5 km thick at a height of 3 km and density 2.8
gn/m° was found to give these results. Its opacity contributed from 50% to‘BS%
of observed sgectral temperatures. OF Eourse such a %per-cloud would not be
expected fc actually exist meteorclogically, but.it 6098 show that scattering
effects and rain are a large component of these saturated spectra. For the
cloud used, an equivalent éttehuation by just rain without clouds wquld correspond
to 1.4 db/km or an equivalent r;infall rate of S'mm/hr at 1 cm wavelength. This
’is a very substantial rain. Thareforg, the e#perimental spectra indicates that

a correct model for <:> must utilize some combination of heavy clouds and rain

as well as scattering considerations.



- 1In éimilar‘Fashion, experimental spectra throughout the remainder of the
éront passage were correlatéd‘wiﬁh theoretical spectra. By_grapﬁically
disﬁlaying these correlations, there results a very good picture of the front
as a function of time. Please consult Figure 4.A Experimental parameters have
also bean’supplied to provide more explicit‘comparison-l.It must be noted that
the timé scale in Figure 4 is not strictly linear. However, in the absence
of wind speed and wind direction data, the séaling remains more a matter of
choice. OF course, the discontinuities in atmosphecic and cloud parameters
'thgt are pictured are only an approximation to the actual continuum situatioﬁ.
Neverthéless, a fairly lucid.repéesentation-of'what was quite possibly happening
has been achieved. The high deqgree of correlation obtained betwsen experimental -
surface water dansiﬁy data and’theoretical spectra supports the accuracy of this
modél ana éhe interpretation procedure. The theoreticalAmodel of Figure 4
resulting from the correlations of Figure 3 was found to agree in several major

respects with the standard cold front passage found in the literature.
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FIGCURES

‘

Theoretical Spectra Without Clouds shouing effects of increasing
surface water vapor densiﬁy upon line shape. Resonant peak enhanced

by higher densities.

- ThQ'EFFebt‘OF Clouds. Increasing cloud opacity enhantées higher "

ﬁréquénoies_dvér:the resonant peak. Saturation levels are approached

as L goes to 1.8 gm/m3-

Experimsntal—Théoretical Correlations. Back lobes and effective
beam width of 'antenna not considered. Large shields were ereacted

to deflect ground radiation away from receiving antenna.

Front fodel. History of frontal passage postulated from correlations

of Figure 3 and also other spectra.
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FIGURE 2
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