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The thunderstorm cold-air outflow has long been recognized
as a key factor in convective-storm dynamics. Despite our
knowledge of the roles of outflows in storm morphology
(e.g., triggering new convection in multicell storms, maintaining updrafts by convergent forcing in supercell storms, and
promoting mesocyclogenesis and tornadogenesis), we know
very little about the details of their structure (e.g., mechanisms of turbulence or factors that control outflow depth).
As part of a broad, long-range effort to improve our understanding of subcloud phenomena, we are utilizing information from laboratory density-current experiments (density
currents are dynamically similar to outflows) to numerically
simulate thunderstorm outflows.
The top photo on the cover of this issue shows a submerged density current (salt water, colored white) moving
from left to right in a laboratory tank containing fresh water
(Simpson, 1969). Clearly evident in this photo are KelvinHelmholtz (KH) shearing instabilities (i.e., vortex rolls) that
form at the leading edge (right) of the density current, and
then grow in size until eventually breaking down into smallscale turbulence (left portion of photo) as a result of their
own gravitational instability. Despite the dynamical similarity between outflows and density currents, no effort has been
made to ascertain if KH instability is responsible for the turbulent nature of many observed outflows. To date, no outflow modeling studies (e.g., Mitchell and Hovermale, 1977;
Seitter, 1983) have produced turbulent eddies similar to
those found in the laboratory experiments.
The middle photo on the cover shows the perturbation potential-temperature field of an outflow from a high-resolution, two-dimensional numerical simulation (Droegemeier
and Wilhelmson, 1985; see Droegemeier, 1985 for a complete
description of the model and this simulation). The color
image was constructed from raw model data by mapping the
perturbation potential-temperature field so as to accentuate
the structure of the cold-air pool. The coldest air is shown by
the bright blue, with yellows and reds indicating warmer air.
The model grid spacing in this simulation is 100 m in each
direction, and the domain is 40 km long and 10 km tall (note
that features are exaggerated by a factor of four in the vertical, and that only the lowest third of the domain is shown). A
dry, neutral environment, though somewhat physically unCurrent Affiliation: School of Meteorology, University of Oklahoma, Norman, OK 73071
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realistic, was used in this simulation to make the configuration of the numerical experiment analogous to that of the laboratory tank. Note, however, that in contrast to a true density current, the density within the simulated outflow is not
constant, but decreases with height.
It is clear from the color image, as well as from a movie of
the same simulation, that the outflow model is able to explicitly resolve the growth and interaction of turbulent KH billows atop the cold-air pool (the amplitude of the billows in
this case is very large due to the neutral ambient environment
and slab-symmetric model geometry). Note that instead of
parameterizing turbulence in the model, we use essentially inviscid equations (apart from computational smoothing) and
high spatial resolution to explicitly represent the turbulent
features of interest.
The color in the simulated flow field graphically illustrates
the origin of air within the various billows, and in particular,
that cold outflow air (blue) near the ground turns sharply upward upon encountering the frontal interface (a result that
was verified by air-parcel trajectories). A quantitative analysis shows that the modeled eddies are similar to structures
observed in laboratory density currents (e.g., similar growth
rates), and that the conditions necessary for the onset of KH
instability in the model, as well as the wavelength of the most
unstable mode, are consistent with linear theory governing
the instability of a vortex sheet.
The bottom photo on the cover shows a simulated outflow
propagating through a neutral boundary layer with a stable
(d0/dz = 6 K- km ) ambient environment above (this type
of environment is characteristic of Great Plains severe-storm
situations). In this case, the KH billows have much smaller
amplitudes, and are likely more representative of structures
found in real outflows than those depicted in the neutral-environment case (center photo). Furthermore, low-level air
passing up and over the advancing gust front cools as it enters the bottom of the stable layer at a height of 2 km. As a
result, a wake of relatively cool air is left behind the gust front
at this level.
Although the model is able to explicitly represent the quasitwo-dimensional growth and interaction of the KH billows,
it is well known that energy cascades and turbulence are incorrectly represented in two-dimensional models (Deardorff, 1975), i.e., much of the energy cascades upscale rather
than downscale, thereby maintaining the coherent structure
of the billows shown in the middle photo on the cover. This
limitation, coupled with the absence of lateral vortex stretching in a two-dimensional model, explains why the simulated
KH billows never break down into small-scale turbulence
(compare laboratory photo).
Since high spatial resolution (20- to 100-m grid) is essential
for explicitly representing turbulence in modeled outflows
(Droegemeier, 1985; Anderson etal., 1985), our experiments
have been limited by computational resources to two dimensions. However, with the advent of extremely large-capacity,
fast-access memory supercomputers, we are now implement-1

Vol. 67, No. 4, April 1986
Unauthenticated | Downloaded 01/09/23 06:32 PM UTC

Bulletin American Meteorological Society
ing fully three-dimensional models to simulate thunderstorm
outflows and microbursts.
It is important to point out that the occurrence of KH instability in real outflows remains to be verified. Although
there exists strong evidence that KH instability is present in
other geophysical density currents such as sea breezes (e.g.,
Donn et al., 1956) and nocturnal drainage winds (e.g., Blumen, 1984), observational studies using Doppler radar,
acoustic sounders, lidar, instrumented towers, and dense surface networks are needed to confirm its presence in outflows.
Preliminary results of one Doppler-radar study indicate that
KH billows do indeed appear to be present in a Colorado outflow (Richard Carbone and Cindy Mueller, personal communication, 1985).
Apart from their application in pure meteorological research, the numerical-model data are being utilized to identify wind-shear signatures that an operational Doppler radar
might observe at an airport. In addition, simulated aircraft
flights are planned through model data sets stored on magnetic tape. Such experiments will not only help identify the
types and particular regions within low-level shear flows that
might pose a threat to aircraft, but they will also be helpful in
directing research aircraft to desired areas within such events.
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A unique meteorological field experiment (COHMEX) is
scheduled to be conducted from March-July 1986 with a
core period of operation in June and July. It is taking place in
the region covering northern Alabama and the adjoining
portion of central Tennessee. The experiment's uniqueness
derives from the fact that it is actually composed of three distinct experiments sponsored by National Aeronautics and
Space Administration (NASA), the National Science Foundation (NSF), and the Federal Aviation Administration
(FAA), respectively, with extensive sharing of resources and
data. A diagram of the experiment's domain with observational coverage is included in Fig. 1.
SPACE (Satellite Precipitation And Cloud Experiment)
comprises the NASA component of COHMEX and focuses,
during the prestorm period, on observations of the physical
processes leading to the formation of small convective systems. The sounding stations of the meso-beta SPACE rawinsonde domain are centered over an extensive rain-gauge network operated by the Tennessee Valley Authority so that
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FIG. 1. Observational network for COHMEX.

works of 70 TVA computerized rain gauges, 10 NASA upperair stations, nine NCAR PAM II sites, 10 special NASA surface stations, and a four-station NASA/AF lightning-location network operate at high time resolutions to define
the prestorm and storm environments. A meso-alpha rawinsonde network consisting of the National Weather Service
Stations surrounding the COHMEX region will collect
three-hourly data for two days in May and two days in June
in order to support a multi-scale analysis of convective
events. The 10 NASA meso-beta rawinsonde stations will
take three-hour observations for 18 hours on 15 to 20 operational days in June and July. On eight to 10 days, a special
three-station NASA meso-gamma rawinsonde network (not
shown in Fig. 1), positioned over the smaller meso-gamma
networks of the other component experiments of COHMEX,
will take 1.5-hour-interval data for 12 to 15 hours. Digitized
reflectivities from the Nashville, Tennessee, WSR-57 radar
will be processed using a RADAP/ICRAD (Radar Data
Processor/Interactive Color Radar Display) system and recorded throughout the experiment. NCAR's CP-2 radar will
be shared with the other experiments for high-resolution, calibrated estimates of mesoscale rainfall and multi-parameter
cloud measurements.
The NSF component of COHMEX, MIST (Microburst
and Severe Thunderstorm), is concerned with investigating
the three-dimensional structure of microbursts from thunderstorms and their environment in a wet region of the United
States. The data-collection phase of MIST will take place in
June and July. In order to understand the time-dependent airflow of a microburst, NCAR's CP-2, CP-3, and CP-4 Doppler
radars will be used to scan convective precipitation in either a
PPI (Plan Position Indicator) or RHI (Range Height Indicator) sector scan mode. Of particular interest is an investigation of the structure and development of a microburst with
vortex rolls. Along with the radars, a network of 41 NCAR
PAM II stations, spaced approximately 2 km apart, will be

used to obtain the mesoscale surface structure of microbursts
and relate them with Doppler radar signatures. Two NO A A
P-3 aircraft will be used to define vertical cross-sections of
Doppler velocity and reflectivity of microburst parent clouds.
The University of Wyoming King Air aircraft will obtain airborne measurements of meteorological and cloud-physics
conditions of the microburst environment. The MIST network is enveloped by the SPACE network, thus microburst
environmental forcing also can be studied.
The FAA experiment, FLOWS (FAA-Lincoln Laboratories Operational Weather Studies), is concerned with the development and testing of automatic algorithms for windshear (especially microburst and gust front) detection using
pulse Doppler weather radars. The results from FLOWS will
be used to develop algorithms for the Next Generation
Weather Radar (NEXRAD) and for the FAA Terminal
Doppler Radar (TDR). The principal sensor for FLOWS is
an S-band Doppler radar which is functionally equivalent to
a NEXRAD system with certain additional features to provide improved clutter suppression such as may be utilized by
the TDR. The supporting sensors for FLOWS include a
C-band Doppler radar and Citation aircraft (both operated
by the University of North Dakota), 30 FAA mesonet stations, and the Convair 580 aircraft operated by the FAA
Technical Center. All the FLOWS sensors will lie within the
SPACE mesoscale network.
Both of the FLOWS radars have clutter-suppression filters, which have been found to yield simplified postexperiment (e.g., dual Doppler) analyses. It is anticipated that multiple Doppler analysis will be accomplished on many of the
microbursts which occur in the MIST/FLOWS coverage region by using data from the various MIST and FLOWS
radars.
FLOWS will cooperate with the other two experiments to
obtain some full-volume-scan data sets on microbursts and
precipitation events; however, the bulk of the time FLOWS
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will operate independently using operationally oriented scan
sequences as part of the automatic-detection-algorithm test
program. The FLOWS data will be shared with the other
experiments and there will be a substantive post-experiment
processing and display capability at the S-band site.
During COHMEX, the NOAA GOES satellite will be operated in dwell-image, dwell-sounding, and rapid-scan modes
to provide the maximum amount of information consistent
with operational and research requirements of both NOAA
and the COHMEX objectives. During SPACE operational
days, high-resolution VAS (VISSR [Visible infrared spinscan radiometer] Atmospheric Sounder) soundings in the
prestorm and storm environment are planned for three-hour
and, in special cases, 1.5-hour intervals. Emphasis will be
placed on determining the temperature and water-vapor
structure at high spatial and temporal resolution over the
SPACE network domain. Many of the VAS products to be
used are currently produced as part of the NOAA Operational VAS Assessment (NOVA) program, but special research-quality data sets will be produced for follow-on scientific analyses. When possible, visible and infrared images
will be obtained at five-minute intervals to provide information on the development of convective clouds and systems
and also data to map the cloud-top temperature field.
In addition to the NOAA GOES satellite data, information from polar-orbiting satellites will be incorporated into
the COHMEX data sets. In particular, TOVS (Tiros Opera-
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tional Vertical Sounder), HIRS (High-resolution Infrared
Radiometer Sounder), MSU (Microwave Sounding Unit^
and AVHRR (Advanced Very High Resolution Radiometer)
data from the NOAA satellite will be archived as well as will
DMSP (Defense Meteorological Satellite Program) SSM/I
(Special Sensor Microwave Imager) data if they become
available.
Organizers of the three component experiments of
COHMEX—SPACE, MIST, and FLOWS—are Jim Arnold,
NASA/Marshall Space Flight Center; Ted Fujita, University
of Chicago; and Jim Evans, MIT Lincoln Laboratory. Specific questions concerning the individual experiments may be
referred to these individuals.
Data from all three component experiments will be made
available to interested researchers for the cost of reproduction. An itemized Operations Summary and Data Inventory
for all of COHMEX will be produced by the Atmospheric
Physics Branch, Atmospheric Sciences Division, NASA/
Marshall Space Flight Center (MSFC), Huntsville, AL, by
approximately October 1986. Inquiries should be directed to
Dr. Gregory Wilson, Chief, Atmospheric Physics Branch,
Code ED43, NASA/MSFC, Huntsville, AL, 35812, (Telephone: (205) 453-5218).
Requests for funding of research related to the analysis of
COHMEX data should be directed to the agency sponsoring
the component experiment of primary interest of the proposed research.
•

Unauthenticated | Downloaded 01/09/23 06:32 PM UTC

