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The Atmospheric Radiation Measurement (ARM) pirog ram
goals are ambitious, and its schedule is demanding. Many
of the instruments, proposed for operations at the first
Cloud and Radiation Testbed (CART) site as early alS 1992

represent emerging technology and exist only as :special
research prototypes. Therefore, an important preparatory

step for ARM was an intensive field project in Colorado in
1991 to assess the suitability of instruments an(j tech-

niques for profiling the thermodynamic and kinematic
structure of the troposphere and lower stratosphere. The
field work was designed to provide ARM with a head start
by gathering practical information for the desigln and
operation of the CART sites. Additional longer term re-
search, also fundamental to ARM goals, will use the 1991
data to design an optimized combination of diverse' profil-

ing instruments. The data will also be used to extrapolate
single site data to dynamically consistent, four-dimen-
sional fields at general circulation model (GCM) subgrid
scales using a data assimilation mesoscale model. The
result will be an integrated system for atmospheric profiling
tailored to ARM's needs. This ARM Science Team re-

search is being conducted by a partnership that im~ludes
the National Center for Atmospheric Research (NCAR),
the National Oceanic and Atmospheric Administration
(NOAA) the Wave Propagation Laboratory (WPL), the
Aeronomy Laboratory, and the University of Wisconsin.

NOAA has also conducted shorter range infrastructure

research for ARM/CART in which the performance of the
NOAA remote sensors used in the 1991 field project was

examined. Recommendations for CART instrumerltation
were derived from these evaluations and from the experi-
ence that NOAA scientists and engineers have obtained
by designing and operating these instruments over the
years. This research is reported in a NOAA Technical
Memorandum by Martner et al. (1991). The repol1 also
contains examples of the remote sensor routine data
products for three intensive operating periods during the

1991 field project.

Instruments operated during the 1991 field work included
5different NOM Radio Acoustic Sounding System (RASS)
units, three of which (50-, 404-, amj 915-MHz) were
collocated with an NCAR cross-chain L.oran Atmospheric
Sounding System (CLASS) radiosonde and microwave
radiometers. This allowed the remote sensor measure-
ments to be compared with each other and with the in situ
data of the sondes. Accuracies and height coverages were
examined. Height overlaps and gaps in the wind and
temperature profiles obtained from various combinations
of the three frequencies were studied. The primary findings
from analysis of the field project data are listed below along
with recommendations for CART.

Accuracies
Before the RASS signal was corrected for the vertical air
speed, the RASS measurement of virtual temperature had
about 1.0°C rms difference from nearby measurements
with radiosondes. After correction, th,e differences are
expected to be close to O.soC. With the Aeronomy
Laboratory's innovative 2048-point Fast-Fourier Trans-
form (FFT) radar processor, the vertical air speed and the
speed of the acoustic pulse can be measured simulta-
neously, thus allowing the O.soc accura(;ies to be obtained
in real time in most conditions. In earlier studies, the
horizontal wind speeds measured by w'ind profilers were
shown to have 2-3 m/s rms differences from nearby
radiosonde data. The dual-channel microwave radiom-
eters (20.6- and 31.6S-GHz) are passive remote sensors
which provide measurements of the total water vapor
content and liquid water content along their beam direc-
tions. When the instrument is pointed vertically, the vapor
measurement gives the precipitable water vapor (PWV)
content of the atmosphere. The theoretical accuracy of
these instruments is about 0.7 mm for vapor and 0.03 mm
for liquid. Comparisons with National Weather Service
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radiosondes have shown a 1.7 mm rms difference in the
PWV measurements. Comparisons against CLAS:S radio-
sondes, which use a better humidity sensor, sh,:>w rms
differences of only 1.1 mm, which is very close to the
radiometer's theoretical limit of accuracy.


