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Fundamental studies on clouds and radiative transfer
require representative measurements of temperature and
water vapor profiles. To supplement radiosonde balloon
launches, information on vertical profiles of temperature
and water vapor at Cloud and Radiation Testbed (CART)
sites will be provided by remote sensors.

Instruments planned for deployment include wind profilers
and Radio Acoustic Sounding Systems (RASS) at 915-
and 50-MHz, dual-channel microwave radiometers, and
cloud lidars providing cloud base height (Wesely 1992).
Future CART instruments may include millimeter wave-
length radars and Raman lidars. In addition to DOE oper-
ated instruments, data from nearby National Weather
Service (NWS) wind profilers/RASS at 4O4-MHz and synop-
tic radiosonde launches will also be available. Finally, image
and radiance data from thermal sounding channels from
geostationary and polar-orbiting satellites will be available.

The fusion or integration of these data into a representative
picture of temperature, water vapor, and clouds over a
CART domain will be achallenging task for four-dimensional
data assimilation models (Dabberdt et al. 1992). In the
work reported here, we have summarized work supported
by DOE's algorithm development program, for which
computer codes will be supplied to DOE/ARM.

Combined RASS and TIROS(b)
Operational Yertical Sounder

(TOYS) Temperature Sensing
Neither thermal soundings from polar-orbiting satellites
(e.g., from TOYS) nor from RASS are completely adequate

for operational needs. TOVS soundings typically lac k the
vertical resolution needed for many applications, while
RASS is lacking in coverage above about 500 mb. We are
developing techniques to combine TOVS and RASS data
to take advantage of each system's separate strengths.

Wind profilers are Doppler radars that measure winds by
measuring signals backscattered from refractive index
perturbations atthe scale of one-half the radar wavelength.
These perturbations drift with the mean wind, and measuring
their translational velocity provides a direct measure of the
mean wind. The RASS combines acoustic sources with
wind profilers to obtain measurements of the profile of
virtual temperature (May et aI.1988). The profilers measure
the speed of refractive index perturbations induced by
acoustic waves (approximately matched with the radar's
half-wavelength) as they ascend at the local speed of
sound, which is directly related to the virtual temperature
at each height.

Currently, wind profiler and RASS combinations operate at
three electromagnetic frequencies: 915,404, and 50 MHz.
If corrections for vertical winds are introduced, all RASS
systems measure virtual temperature with an RMS accuracy
of about 0.5 K. The height range of RASS is a function of
acoustic and electromagnetic transmitter power, as well as
the areas of the receiving antenna. Atmospheric limitations
include acoustic attenuation, which is a strong function of
frequency, and horizontal wind, which advects the acoustic
pulse out of the electromagnetic pulse. For representative
RASS systems, height ranges reached 50% of the time are
0.7,3.2, and 5.5 km forthe 915-, 404- and 50-MHz systems
(Martneretal.1993). Temporal resolutions of20-60minutes
are commonly available. To provide complete profiles,
both the upper and lower altitude range gates require
supplementary information.

Another source of information is from flight-level temper-
ature and wind data from commercial carriers, available

(a) Formerly the Wave Propagation Laboratory
(b) Television and infrared observation satellite.
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