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ABSTRACT

Conventional synoptic rawinsonde data do not have a fine enough temporal or spatial resolution to accurately
resolve mesoscale features, Profiling networks are one potential source of these data although they provide only
wind information. A methodology following Fankhauser and Kuo and Anthes is used to retrieve height and
temperature analyses from actual profiler wind data using the full divergence equation. Simulation experiments
were first completed to test the feasibility of using the available profiler network spacing to define mesoscale
atmospheric structure and to test the boundary conditions used in the retrieval process. Real profiler and
rawinsonde data were then used to retrieve height analyses. The real-data results are compared to independent
microbarograph surface pressure data and radiometer height data. Retrieved heights on 13 April 1986 from the
four-node Colorado profiler network revealed the presence of a mesoscale trough that was not resolvable by the
standard rawinsonde network, but was corroborated by PROFS mesonet data and Denver radiometer data.
This study differs from previous work in that actual profiler data were used in the height retrievals, and the
retrieved heights were verified against independent asynoptic data.

1. Introduction

Mesoscale data analyses are needed for initialization
and verification of mesoscale numerical models. Con-
ventional synoptic rawinsonde data do not have a fine
enough temporal or spatial resolution to accurately re-
solve mesoscale features. Wind profiler (VHF and UHF
Doppler radar) networks are one potential source of
these mesoscale data. The basic profiler measures only
a vertical profile of wind speed and direction, although
some profilers may be additionally equipped with ra-
diometers to measure temperatures (Larsen and Rott-
ger 1982; Strauch et al. 1984). The height information
consistent with profiler-measured winds would be use-
ful for many modeling and analysis applications, in-
cluding four-dimensional data assimilation. A form of
the divergence equation can be used to derive consistent
height analyses from profiler wind analyses (Fank-
hauser 1974; Bleck et al. 1984; Kuo and Anthes 1985;
Kuo et al. 1987a,b; Modica and Warner 1987).

In this paper, a methodology is used to retrieve tem-
perature and height data from profiler-measured wind
data, closely following that used by Fankhauser (1974)
and Kuo and Anthes (1985). Experiments using
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model-simulated profiler data will show the feasibility
of using data from the profiler demonstration network
to define mesoscale structure in the atmosphere. The
simulation experiments provide a mechanism whereby
isolated wind *“observations” can be used to retrieve a
height field that can be verified against the dynamically
consistent model height field (dynamically consistent
with the observations). The methodology is then ap-
plied to real profiler data and the results are compared
to independent observations of pressure and heights.
Previous investigators have not used actual profiler data
nor compared their results to independent asynoptic
observations.

Fankhauser (1974) analyzed wind data from a spe-
cial mesoscale rawinsonde network and inverted the
full divergence equation to solve for a height field. Bleck
et al. (1984) experimented with inverting a slightly
simplified form of the divergence equation in isentropic
coordinates. A variational analysis scheme was used to
adjust the Montgomery potential field M (equivalent
to geopotential in pressure coordinates) to match the
vertical Laplacian of the inverted divergence equation.
Rawinsonde data were used to test the scheme, al-
though it was developed with a profiler network in
mind. Kuo and Anthes (1985) and Kuo et al. (1987a,b)
also investigated using the divergence equation to de-
rive height and temperature information. They used
the full divergence equation and a filtered, model-gen-
erated dataset to investigate the effects of lateral
boundary condition error, irregular versus regular ob-
servation spacing, and the use of the full divergence






