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ABSTRACT

Vertical motion profiles can be diagnosed with the mass continuity equation using horizontal divergence fields
derived from various single-Doppler radar techniques such as EVAD (extended velocity—azimuth display),
CEVAD (concurrent extended velocity —azimuth display), and VVP (volume velocity processing ). These meth-
ods allow for the retrieval of mesoscale air motions in precipitating regions when the wind field is relatively
homogeneous. In contrast, VHF wind profiler data can provide a direct measurement of vertical motion, albeit
across a much smaller domain compared to the single-Doppler radar techniques. In this study, we compare
horizontal divergence and vertical motion patterns derived from the various single-Doppler methods with those
obtained from VHF profiler data.

The diagnosed profiles of horizontal divergence and vertical velocity from the single-Doppler (scanning radar)
techniques are in qualitative agreement in the lower troposphere but often exhibit large variability at higher
levels. Because of less stringent radar echo requirements, the VVP technique often analyzed data above the top
of the EVAD—-CEVAD analysis domain, resulting in a deeper layer of upper-level divergence. The CEVAD
technique often produced a deeper and larger region of upward motion despite similar profiles of divergence,
probably due to the CEVAD top boundary condition specification of particle terminal fall speed as opposed to
the vertical air motion, as well as to the adjustment procedure employed during the regression solution.

The wind profiler data showed much larger vertical gradients and magnitudes of divergence and vertical
velocity when averaged over the same time interval required to collect data for a single-Doppler retrieval.
However, when all the available data were composited, the high-frequency variability in the wind profiler
retrievals was reduced resulting in relatively good agreement between all analysis methods. The wind profiler
usually sampled vertical motion (divergence) several kilometers above the single-Doppler retrievals, which the
authors attribute to the stringent precipitation echo coverage requirements imposed by the scanning radar analysis

VoLUME 13

Horizontal Divergence and Vertical Velocity Retrievals from Doppler Radar

Center for Meteorology and Physical Oceanography, Massachuserts Institute of Technology, Cambridge, Massachusetts

techniques, thus limiting their vertical extent near echo top.

1. Introductior

Knowledge of vertical motions in mesoscale con-
vective systems (MCSs) is important for understanding
physical processes within these systems (e.g., precipi-
tation production ) as well as how these features interact
with the large-scale environment through transports of
heat, moisture, and momentum (Houze 1982; Johnson
and Young 1983; Houze 1989). Diagnosed vertical ve-
locities are also important for verification of numerical-
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model-derived kinematic, thermodynamic, and micro-
physical fields.

Numerous studies have discussed vertical motion
profiles in the stratiform regions of MCSs (Zipser
1969; Gamache and Houze 1982; Johnson and Kriete
1982; Balsley et al. 1988; Houze 1989; Keenan and
Rutledge 1993; and others). These studies have used a
variety of techniques to diagnose the vertical motion
profiles including single- and dual-Doppler techniques,
wind profiler data to directly measure air motion, and
rawinsonde data, which was used to calculate areal di-
vergences with height, from which vertical motions
were obtained after applying the mass continuity equa-
tion.

In this study we discuss and compare four techniques
used to analyze vertical motions and horizontal diver-






