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ABSTRACT

A tropospheric water vapor density profiling system is presented. The hardware consists of an autocorrelation
radiometer (CORRAD) operating over a frequency range from 20.5 to 23.5 GHz. The CORRAD directly
measures the autocorrelation of downwelling thermal emission from the atmosphere. The 3 GHz predetection
bandwidth of each measurement provides for extremely rapid decorrelation of the noise inherent in all radiometer
measurements. This, in turn, allows for high temporal resolution of the water vapor dynamics. Fourier trans-
formation of the raw data produces a brightness temperature spectrum with 100 MHz resolution across the
frequency range. Inversion of the radiative transfer integral equation to solve for the water vapor distribution
is constrained by the 31 equivalent frequency channels. Previous microwave profilers of the troposphere, with
2 to 5 frequency channels, were much less constrained and the inversion process was accordingly more sensitive
to measurement noise. Water vapor profiles estimated by the inversion are in good agreement with coincident
radiosonde measurements made by the National Weather Service.

1. Introduction

Water vapor is one of the most dynamic variables
. in the atmosphere. Obtaining real time information
about its magnitude and distribution in the troposphere
is an important problem in the meteorological sciences.
Radiosonde balloon profiles of the atmosphere consti-
tute a useful, but limited, sampling of the water vapor.
Balloon datasets are point measurements made along
the line of ascension of the sensor. That line varies
with the winds, and point measurements are only an
approximation of the volume averaged information
pertinent to meteorological predictions or modeling.
Furthermore, frequent balloon launchings are expen-
sive and difficult to coordinate in an operational setting.
Microwave radiometry offers a clear alternative to the
radiosonde balloon for certain aspects of atmospheric
sounding. This technique can provide highly repeatable
measurements of the water vapor profile in the air,
averaged over a controlled volume of space and re-
corded continuously without any user interaction. The
basis for radiometric profiling lies in the thermal emis-
sion characteristics of the atmosphere. Near the 22.235
GHz water vapor absorption line, the part of the ther-
mal emission due to water vapor which is measured
by an upward looking radiometer can be approximated
by
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where T3(f) is the brightness temperature of the emis-
sion (in K) at a frequency f, p,(h) is the water vapor
density in the atmosphere (in g/m?) at a height A, and
W(f, h) is the weighting function provided by a lin-
earization of the equation of radiative transfer.

The exact form of the integral weighting function,
W({, h), is discussed in the literature (Benoit, 1968).
This attention has focused primarily on the line shape
of the pressure broadened absorption spectrum un-
derlying the weighting function. The weighting function
is derived by a first order Taylor expansion of the full,
nonlinear equation of radiative transfer. The expansion
is performed around a typical water vapor profile. The
exact shape of the weighting function, then, is deter-
mined by all the variables comprising the equation of
radiative transfer. The spectrum of the atmospheric
absorption (line shape) is one of these variables. An-
other is the altitude profile of the air temperature. The
effects of errors in any particular line shape on the
quality of the water vapor profile estimates is very small
because 1) the various possible line shapes addressed
in the literature have significant differences only away
from the line center (22.235 GHz) near which COR-
RAD operates, and 2) the system calibration procedure
used on the CORRAD raw data employs the same line
shape function as the profile inversion procedure for
internal consistency. This calibration procedure is de-
scribed more fully in section 5. Deviations of the true






