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Abstract

During May and June 1985, the Oklahoma-Kansas Preliminary Regional Experiment for STORM-Central (the Oklahoma-Kansas
PRE-STORM Program) was conducted to investigate the structure
and dynamics of mesoscale convective systems (MCSs). As the name
implies, the program was conducted over the Oklahoma and Kansas
regions and emulated to some degree the /3-scale network array proposed for the full-scale STORM-Central program. A number of
sensing systems, including Doppler radars, digitized radars, surface
mesonetwork stations, supplemental and National Weather Service
(NWS) rawinsondes, wind profilers, a lightning location system, satellite products, and research aircraft were brought together to collect
the data necessary to begin the investigations of MCSs. At the same
time, testing and evaluation of new sensing systems, such as profilers
and airborne Doppler radar, were carried out to determine how best
to operate them in a coordinated observing system. Sixteen operational missions were conducted in which one or more MCSs were investigated. Because of the diurnal nature of these systems, most operational missions continued into a second day. Examples of the
data collected from several of the observational systems that operated in the program are shown for one of the operational days.
1. Introduction

Over the past several years, organized mesoscale convective
systems (MCSs) have become recognized as major contributors to growing-season rainfall (Fritsch et al., 1981; Merritt
and Fritsch, 1984), and as the cause of significant changes in
the thermodynamic and kinematic fields in the atmosphere
within and around these systems (Fritsch and Maddox, 1981;
Fritsch and Brown, 1982; Maddox and Doswell, 1982, and
Maddox, 1983). Maddox (1980) classified and called one of
these types of systems a mesoscale convective complex
(MCC). He based his classification on physical characteristics such as size of the cold cloud shield, duration, and eccentricity that were observable on enhanced infrared satellite
imagery. The size and duration characteristics used by Maddox to define an MCC typically encompass the largest mode
of convective-system development, but there exists a whole
family of MCSs that have many of the characteristics of an
MCC, but do not last as long or grow as large.
During May and June 1985 a major field program was
conducted over the Oklahoma-Kansas region to investigate
the structure and dynamics of mesoscale convective systems
that ranged from MCCs down to multicellular convective
systems. This was the field phase of a program called the
Oklahoma-Kansas Preliminary Regional Experiment for
STORM-Central, or the Oklahoma-Kansas PRE-STORM

program. PRE-STORM was designed as a cooperative research effort of the National Oceanic and Atmospheric Administration (NOAA), the National Center for Atmospheric
Research (NCAR), and a number of university groups to investigate MCSs, and was built on the foundation of the
Weather Research Program's airborne project to investigate
slow-moving nocturnal MCSs (AIMCS, [Cunning, 1984]),
and on the National Severe Storms Laboratory's (NSSL)
convective-storm spring program.
The long-range goals of PRE-STORM are to improve, by
means of improved physical understanding, the forecast of
the occurrence, strength, movement, duration, rainfall, and
potential for severe weather of MCSs. The major goals for
the field phase of the program were to 1) achieve a reliable
and coordinated observing system for investigating MCSs,
and 2) collect the data necessary to begin preliminary investigations of the origin, development, dissipation, and structure
of MCSs. The primary focus of the program was directed toward investigating nocturnal MCSs, which typically would
form in the mid-to-late afternoon and become well organized
during the evening hours. Also, a number of new sensing systems were tested, such as wind profilers and airborne
Doppler radar, to determine how best to operate these systems and how they should be incorporated into an integrated
observational program.
As the name of the program implies, it is closely related to
the STORM-Central program that has been developed over
the past several years (Zipser, 1984). During the initial planning of PRE-STORM in May 1984, it was recognized that
two potential problem areas existed for the proposed STORMCentral program. First, many new instrumentation systems
and new sensing strategies will be employed in STORM-Central that are now or shortly will be available to the research
community. It is very important to test and evaluate these
new sensing systems in order to help optimize their implementation. Second, there are very limited data from previous
field programs that can be used to sharpen and focus the scientific objectives of the STORM-Central program. The PRESTORM program was designed to address both of these problem areas.
The following sections briefly review some of the characteristics of MCSs that were taken into account in designing
the field observational network for PRE-STORM, and the
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FIG. 1. (facing page) MCC tracks for 1979 through 1983, for
May, June, and July. Dotted lines indicate early storm development;
the heavy lines define the mature MCC. The circled numbers correspond to the position of the maximum extent of the —32° cloud
shield from the infrared satellite data. The "x" corresponds to the
"terminate" stage or the location where the MCC no longer met the
requirements to be defined as an MCC. (From Bartels et al., 1984.)
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ity in the location of the development and movement of these
systems over the five-year period. One would expect that the
location of development would be a function of the general
synoptic pattern, but this pattern can change significantly
from week to week and year to year. Second, as the summer
progresses, the centroid of development shifts northward,
and there is a general decrease in the number of systems that
form. During June, two to five systems can be expected to
form each week, whereas in July, the average decreases to
one or two per week. A similar study was carried out for
meso-a-scale systems that were similar to, but not meeting
all the requirements to be classified as an MCC. These systems were found to have about the same spatial variability as
MCCs, but that the number that formed each week remained
almost constant, with about one to three systems forming
each week.
Studies using STORM DATA were carried out to determine the most likely time for severe weather to occur in the
life cycle of MCCs. Figure 2a shows the severe-weather
events for 15 MCC cases normalized to the total duration of
the MCC. A "0.0" indicates early storm development or
"first storms" as indicated by the first appearance of medium
gray
(—32°C) on enhanced IR satellite images. A "1.0" indiFIG. 2. (a) Summary of severe-weather events associated with
MCCs derived from "STORM DATA" for 15 MCC cases. The sub- cates the stage when the system no longer met the requirescripts show the number of times the same event happened at the
ments set up by Maddox (1980) to be classified as an MCC or
same time, (b) Same as (a) except for limiting the grouping to noc- the "terminate" stage. The classification scheme is based on
turnal systems that reached the initiate stage between 0000 GMT and
satellite IR data, and the cold cloud shield probably lags the
0600 GMT.
convective activity by up to an hour, particularly during the
early stages of the system. Thus in several cases, thunderdata observational network that was designed and operated storms produced severe weather prior to their meeting the
based on the characteristics of MCSs discussed, and on the "first storm" criteria although they were a part of the
data requirements necessary to meet the various goals of the thunderstorm cluster that later met that requirement; these
program. A summary of the data that was collected, along data are included in the analysis.
It is obvious from this figure that the majority of severe
with an example of data from several observing systems for
weather events (hail, tornadoes, high winds, etc.) occur beone of the operational days, is presented.
tween the time of "first storm" development and the "initiate" stage when the system first meets the requirements to
be classified as an MCC. Almost two-thirds of all reported
severe weather occurred during this time interval. Hail was
2. Mesoscale convective systems
the most frequent event reported after that time.
A second grouping of these data (Fig. 2b) was based on the
The development of MCSs has been shown to be a function
of both the large-scale synoptic pattern and smaller-scale fea- time of occurrence of the MCC, limiting the study to those
tures such as elevated heat sources and moisture supply systems that were classified as nocturnal (defined to be sys(Maddox et al., 1979; Cotton et al., 1983). Thus, a great deal tems that reached the "initiate" stage between 0000 GMT
of variability can be expected in the location and frequency and 0600 GMT). Twelve of the previous 15 cases met the
of development. These systems, though, appear to form in criteria. For these cases, slightly more than two-thirds of the
episodes, such that systems will form on two or three consec- severe-weather events occurred between the time of first
utive days and then none will develop for a week or more. storm development and the "initiate" stage. Also evident is
MCSs progress through a particular life cycle with the be- the fact that there were far fewer reports of severe weather
ginning of development defined by a cluster or line of between the "initiate" and the "maximum" stages (seven
thunderstorms. These systems can form anywhere from Mex- versus 16) compared with Fig. 2a.
From these studies it is apparent that the best period for
ico to Canada on the eastern side of the Rockies. The development and movement of MCSs has been documented by operations of the field program for PRE-STORM would be
Bartels et al., (1984). Figure 1 has been extracted from that during May and June, when three to seven MCSs could be
data set to show the occurrences of MCCs on a two-week expected to form each week. Because of the high spatial varibasis during May, June, and July for a five-year period from ability of MCSs, the network had to be large enough to en1979 through 1983. Tracks of MCCs are based on the cen- sure that a reasonable number of MCSs would pass through
troid of the —32°C cloud shield as identified by infrared satel- or form over the network, although the network spacing had
lite imagery.
to remain small enough to provide data with sufficient resoTwo aspects of the development of MCCs become clear lution to define some of the smaller-scale features associated
from this figure. First, there is a great deal of spatial variabil- with MCSs. In order to study the severe weather associated
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FIG. 3. The Oklahoma-Kansas PRE-STORM mesonetwork.

with MCSs, measurement systems had to be able to respond
on a short time scale during the early development stage of
MCSs, or be in a continuous-collection mode.
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Sulphur, Burns Flat, Henryetta, Woodward, Enid, and
Hominy, Okla., and Chanute, Wichita, Pratt, Fort Riley,
and Russell, Kans. During operational days, each site was
staffed by two crews, thus having the capability of operating
16 to 18 hours per day. Soundings from these sites were taken
at either three-hour or at 90-min intervals.
2) Surveillance radars
The second generation Radar Data Processor (RADAPII) program, operated by NWS, digitizes volume-scan radar
data from a number of WSR-57-radar sites in the United
States. Six radar sites, located at Limon, Colo., Garden City
and Wichita, Kans., Monett, Mo., Amarillo, Tex., and Oklahoma City, Okla., (Fig. 4), had this capability and recorded
data in cooperation with PRE-STORM. Each site recorded
volume-scan radar data at each 2° radial at a 1-nm gate spacing; volume scans were made at 2° increments up to a maximum height of 22°. Six volume-scans per hour are possible
(one scan per 10 min) with most sites providing at least two
volume-scans per hour to PRE-STORM.
Two radar digitizers, one from the Hurricane Research
Division (HRD) AOML/NOAA and one from the NWS
Training Center in Kansas City were located at Wichita,
Kans. and at Kansas City, Mo., respectively. The HRD digitizer was located at Wichita in order to get higher-resolution
data than was available from the RADAP-II systems for
support of the NCAR CP-3 and CP-4 Doppler radar data
collected in that area.
The digitized WSR-57 radar located at NSSL also collected volume-scan reflectivity data during the program.
Data from this radar were recorded at each 2° radial, with a
gate spacing of 1.0 km.

3. The observational program

The observational program that was set up and operated in
PRE-STORM consisted of three subprograms: a surface observational program, an aircraft program, and a satellite
program. The following describes each of these subprograms.
a. The surface observational program
The surface observational network that was set up covered
most of the Oklahoma and Kansas regions (Fig. 3), and operated from 1 May through 30 June 1985. The network was
composed of the following instrumentation systems.
1) Upper-air network
The upper-air network consisted of National Weather Service (NWS) sites and supplemental (military-operated) sites.
Fourteen NWS rawinsonde stations took additional upperair soundings on selected operational days during the program. These stations were located at Little Rock, Ark.;
Dodge City, Kans.; Monett, Mo.; Oklahoma City, Okla.;
Amarillo, El Paso, Midland, Stephenville and Longview,
Tex.; Albuquerque, N. Mex.; Peoria and Salem, 111.; and
Omaha and North Platte, Nebr. All sites took soundings at
three-hour intervals when requested, with Oklahoma City,
Dodge City and Amarillo having the ability to take 90-min
interval soundings when requested.
Twelve supplemental rawinsonde sites were operated by
military personnel (US Army, Air Force, and Marines) as
part of the upper-air program. These sites were at Fort Sill,

FIG. 4. Location of the NWS digitized WSR-57 radars. Hatched
areas extend 139 km (75 nmi) from the radar sites and the outer ring
is at a radius of 231.6 km (125 nmi). The Wichita site had both the
RADAP II System and the Hurricane Research Division's digitizer.
The Kansas City site had the NWS Training Center's digitizer.
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FIG. 5. Detection efficiencies for the cloud-to-ground-lightning
detection system. Squares indicate the locations of the lightningdirection finders. The short-dashed line (300 km) shows the approximate 65 to 80 percent detection-efficiency area; the long-dashed line
(400 km) shows the approximate 50 percent detection-efficiency
area. The dashed-line (200 km) in Colorado shows the approximate
50 percent detection-efficiency area.

3) Doppler radars
Two Doppler-radar pairs, the NSSL 10-cm Doppler radars and the NCAR Field Observing Facility's (FOF) CP-3
and CP-4 5-cm Doppler radars operated in the program. The
NSSL radars were located at fixed sites in Norman and Cimarron, Okla., and the NCAR radars were located at Cheney
Reservoir and Nickerson, Kans. (northwest of Wichita).
These Doppler-radar pairs essentially operated in an independent mode, based on the meteorological situation. If an
MCS was located over both radar pairs, the scanning sequence of the radars was such that similar data were collected
at selected intervals in order to optimize the data for investigations of the structure and dynamics of these systems.
On one of NOAA's Office of Aircraft Operations (OAO)
P-3 aircraft that participated in the program, the 3-cm vertically scanning tail radar has been Dopplerized. This radar
can be used either in conjunction with the surface Doppler
radars to provide triple Doppler-radar data, or to extend the
Doppler-radar coverage area. The airborne Doppler radar
can also be used to provide dual-Doppler-radar data independently if the proper flight track is flown, and the assumption of quasi-steady-state can be made over the measurement
period (Jorgensen et al., 1983; Ray et al., 1985).
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4) Wind-profiling systems
Three 50 MHz wind-profiling systems operated in Oklahoma and Kansas during the program. One of these systems
was a NOAA Wave Propagation Laboratory's system provided to NSSL and the University of Oklahoma. This system
was operated just south of Norman, Okla. A second system
was provided by the NOAA Aeronomy Laboratory and operated at Liberal, Kans. The third system, located at
McPherson, Kans., was leased from the Radian Corporation, which had obtained the Max-Planck Institute's SOUSY
system. The Aeronomy and Radian profilers were threebeam systems, and the NSSL/University of Oklahoma system was a two-beam system. An acoustic sounding system
also operated in conjunction with the Radian profiler to provide wind data in the lowest 1 km of the atmosphere.
5) Surface meso-scale network
Eighty surface stations were set up in the observational
area with a spacing between stations of about 50 km. Forty
sites were the NCAR/FOF PAM-II (portable automated mesonetwork) systems and forty were the NSSL SAM systems.
The PAM sites were located primarily in Kansas, and the
SAM (stationary automated mesonetwork) sites were located primarily in Oklahoma. Two additional PAM systems
were collocated with two SAM systems for intercomparison
purposes.
PAM data were available in real time. The data were transmitted from the PAM stations via satellite to a field base station located at the NCAR CP-4-radar site and to NCAR in
Boulder, Colo. Data could be called up from either site and
displayed in real time.
6) Lightning-location system
The cloud-to-ground-lightning detection system that has
been operated by NSSL over the past several years in the Oklahoma area (MacGorman et al., 1985) was expanded to include much of Kansas and Nebraska and small portions of
adjacent states (Fig. 5). Three new lightning-direction finders
were located in Kansas to supplement the four located in Oklahoma. Real-time data were available from these systems at
both NSSL and at the PRE-STORM Operations Center.
b. The aircraft program
To accomplish many of the goals stated for the program, aircraft experiments were carried out in various stages in the life
cycle of an MCS. The principal goals of the aircraft program
were to 1) gather aircraft data in the vicinity of developing
and mature MCSs to better define their structure, evolution,
physical processes, and interactions, 2) study the development of the nocturnal jet, and 3) develop and test observational strategies for optimal utilization of the Doppler radar
system onboard the P-3 aircraft in the MCS environment.
During May, one of NOAA's P-3 aircraft (N-43) and the
University of Wyoming King Air aircraft were located at Oklahoma City, Okla., to carry out PRE-STORM flights. At the
end of May, the King Air returned to Wyoming and NOAA's
second P-3 aircraft (N-42) joined the first in Oklahoma City
for the second month of the program. In general, the P-3
flights focused on measuring the internal structure of MCSs
as determined by the in situ data and by the remote sensors,
such as radiometers and Doppler radar. The University of
Wyoming flew the King Air aircraft primarily to investigate
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TABLE 1.

Operational days for the Oklahoma-Kansas PRE-STORM Program.

Take off
Return
Supplemental
(Time In GMT)
soundings
0552
2156
N43
30
60
0300
1015
N43
63
0307
1225
67
N43
2UW
0105
0415
2UW
0645
0920
7
2UW
2008
2354
20-21 May
0404
S. Okla., N. Tex.
Okla., Kans.
0918
N43
2UW
1935
2230
45
2UW
0420
0545
1014
26-27 May
PRE-STORM
Okla., Kans.
0155
N43
88
1754
28-29 May
S. Nebr., E. Kans.
Kans.
0813
67
N43
2UW
1740
2030
W. Oklahoma
0621
2-3 June
Okla.
0225
47
N43
0044
0944
3-4 June
PRE-STORM
Kans.
N43
101
0334
1220
N42
4-5 June
0109
PRE-STORM
Okla., Kans.
0923
26
N43
10-11 June
2210
0750
PRE-STORM
Okla., Kans.
N43
103
N42
0230
1031
W. Kansas
0717
14-15 June
Okla., Kans.
2205
52
N43
N42
0540
1046
16-17 June
PRE-STORM, N. Kans.
0020
0733
Kans.
N43
23
21-22 June
0400
PRE-STORM
Okla., Kans.
1300
N43
73
0604
N42
1350
23-24 June
E. Kans., N. Mo.
Kans.
0555
1430
N43
30
N42
0740
1600
26-27 June
PRE-STORM
2128
Okla.
0730
109
N43
0108
1021
N42
*N-43 and N-42 are the two NOAA/OAO P-3 aircraft; 2UW is the University of Wyoming King Air aircraft.
N-43 was equipped with the Tail Doppler radar.
Date
5-6 May
6-7 May
10-11 May
12-13 May
(13 May)

Research
area
E. Kansas
PRE-STORM
S. Nebr., N. Kans.
PRE-STORM
Oklahoma
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Doppler-radar
operations
Kans.
Okla., Kans.
Kans.
Okla., Kans.
Okla.

the microphysics and flow structure of MCSs and the development of the nocturnal low-level jet.
A separate research program within the National Acid
Precipitation Assessment Program (NAPAP), called the
PRECP (Processing of Emissions by Clouds and Precipitation) program, was conducted in conjunction with PRESTORM during June. Three aircraft (the NCAR Sabreliner,
the NOAA/OAO King Air, and the Brookhaven Laboratory
Queen Air) were used to measure the chemical constituents
of the inflow and outflow air of MCSs. At the same time, rainwater was collected from a number of surface sites in the
PRE-STORM area. Data from this program will be used to
test the capabilities for obtaining data to evaluate the role of
deep convective systems as pollutant-scavenging mechanisms.
c. The satellite program
The third component of the observational program was the
satellite program operated by the Development Laboratory
of the National Environmental Satellite, Data, and Information Service (NESDIS/NOAA) supported by CIRA (Cooperative Institute for Research in the Atmosphere), located at
the Colorado State University, and by CIMSS (Cooperative
Institute for Meteorological Satellite Studies), located at the
University of Wisconsin. Visible, infrared, VAS (VISSR [visible infrared spin scan radiometer] Atmospheric Sounder),
and RISOP (Rapid Interval Scanning Operations) data were
collected both to support the forecasting of MCSs carried out
in the program, and to collect data to be used for research on
MCSs. An IBM-PC workstation was set up and operated in

A/C
ID*

—

—

—

NWS spe
soundin
11
10
63
28
None
1
18
55
47
None
50
72
None
24
52
None
48

PRE-STORM, in order to provide various satellite products
as well as to evaluate the usefulness of these products in real
time in an extensive program such as PRE-STORM. (For
additional information see Purdom et al. [1985].)
4. Data collected

As briefly discussed, there were two primary goals for the
program and a number of subobjectives. Experiments that
were planned and carried out to meet these objectives fit into
four unique categories: preconvective, genesis, mature and
dissipative, and a fourth category designed to investigate the
residual circulation from a dissipating large-scale convective
system. Most flights and operations were carried out to investigate at least one of these categories.
Sixteen operational missions were carried out during the
two months of the program, many of which extended into a
second day, and/or investigated more than one convective
system. Table 1 shows the dates, the general research area,
the Doppler-radar network area that was affected, the aircraft flown with takeoff and landing times, and the number
of soundings taken by the NWS and the supplemental sounding sites. On all but one day the aircraft flew as part of the
operational mission. There were also a number of other days
on which the Doppler radars collected data independently or
in conjunction with some very limited rawinsonde support to
study a specific event, or when other resources were not available because of staffing constraints. These days are not indicated in the table.
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23 718 flashes recoarded for this event over the fixed network
area.
Three NOAA Technical Memoranda have been written or
are being written that describe the data collected in the program. The first (Meitin and Cunning, 1986) describes the
general synoptic conditions on each day of the program and
provides a detailed summary of data collected for operational days. The others (in preparation) describe in much
greater detail the Aircraft and Radar Operations during the
program. Jose Meitin, NOAA, WRP, Boulder, Colorado, is

FIG. 6a. Radar composite of the Amarillo, Oklahoma City, and
Wichita WSR-57 radar data for 0200 GMT 11 June 1985. The shading corresponds to radar reflectivities of 20, 30, 40, and 50 dBZ.

Figure 6 shows a sample of data collected on 10-11 June
from several sensing systems that operated on that day. Figure 6a shows a composite radar view, at 0200 GMT, as a
squall line moved through the operational network. At its
maximum extent, the system was more than 800 km long,
and there were a number of reports of hail, high winds, and
heavy rains associated with it. Figure 6b shows wind fields at
0212 GMT (2112 CDT) derived by combining the airborne
and ground-based (CP-3) Doppler-radar data just behind the
squall line. The wind field at 2.5 km shows a high degree of
anticyclonic turning, going from southwesterly in the extreme northwest region of the analysis area, to north-northwesterly in the south-central part of the analysis area. At 5.5
km the winds become very light and show a high degree of
eddy motion. This level is the beginning of a transition zone
from the southwest to northwest flow at lower levels, to
southerly flow at upper levels. This transition layer ends at
about the 6.5-km level (not shown), and by 8.5 km winds are
primarily out of the south. There are still some eddy motions
at this level, which can be seen in the northeast region of the
area just to the west of the convective region. Figure 6c shows
a sample of the winds from the McPherson, Kans., profiler
for a five-and-a-half-hour period as the squall line moved
overhead. Initially, flow was from the west at 10 to 20 m • s"
up to 8 km, slowing and shifting to the southwest and northwest prior to the squall line's passage over the site a little after
0100 GMT. No data was collected from 0100 to 0200 GMT
(the profiler system was turned off because of frequent cloudto-ground lightning flashes). After the squall line passed, the
winds quickly shifted to the north and northwest in the lowest 5 km of the troposphere. There is also some indication of
a rear inflow jet at about 4-5 km, which can be seen at higher
levels as time progresses. Finally, Fig. 6d shows the cloud-toground-lightning flashes for this case. There were at least

1

FIG. 6b. Horizontal wind fields at 2.5, 5.5, and 8.5 km derived
from the airborne and ground-based (CP-3) Doppler-radar measurements from 0210 to 0216 GMT. The 20, 30, 40, and 50 dBZ
echoes are shown.
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the key person to contact for obtaining these Technical Memoranda or for obtaining information about any of the data
sets that were collected.
5. Summary

During May and June 1985, the field phase of the OklahomaKansas Preliminary Regional Experiment for STORM-Central Program was conducted to investigate the structure and
dynamics of mesoscale convective systems. The long-range
goals of the program are to improve, by means of improved
physical understanding, forecasting of the occurrence,
strength, duration, movement, rainfall, and potential for severe weather of MCSs. The major goals for the 1985 field program were to 1) achieve a reliable and coordinated observing
system for investigating MCSs while incorporating many
new sensing systems and sensing strategies, and 2) collect the
data necessary to begin the preliminary investigations of the
origin, development, dissipation, and structure of MCSs.
The investigations were directed toward the larger-scale
MCSs and MCCs that would typically form in the mid-tolate afternoon, become well organized during evening hours,
and last through much of the night.
Sixteen operational missions were carried out during the
two months of the program. Many of these events overlapped into a second day, and/or investigated more than one
convective system. These missions typically fit into four
unique categories: preconvective, genesis, mature and dissipative, and a fourth category that investigated the residual
circulation remaining after the convective system dissipated.
Most of the investigations covered at least two of these categories and several covered three.
A large number of scientists from NOAA, NCAR, and various universities will be analyzing the data produced by the
1985 field program. We have high expectations that the results from the analyses generated over the next several years
will give new insights into how mesoscale convective systems
develop and evolve, as well as give us the information necessary to develop a better STORM-Central Program than
would have otherwise been possible.
Acknowledgments. The planning for this program was first formalized in a meeting held in May 1984, and culminated a year later at the
beginning of the field program that began in May 1985. This meant
that a number of people had to work extremely hard to make the
program a success. There is just no way to name all the scientists and
administrative and support staff within NOAA, NCAR, NSF, and at
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PROFS [ESG], NSSL, WRP [ESG], and WPL), the National
Weather Service (Headquarters, Central and Southern Region, the
various WSFOs and WSOs, NSSFC, and NMC), NESDIS (RAMM
Branch), the Office of Aircraft Operations, CIRA, CIMSS, NCAR
(Cloud Systems Division, Field Observing Facility) and universities
(Colorado State University, Florida State University, Oregon State
University, Pennsylvania State University, Texas Tech University,
Desert Research Inst.-University of Nevada, University of Oklahoma, University of Washington, University of Wyoming, and University of Wisconsin), the military organizations—U.S. Army, Air
Force and Marines, all participated in the program.
I would particularly like to thank Dr. William Cotton, Colorado
State University, who in 1983 suggested that CSUand the then newly
formed Weather Research Program in ERL/NOAA, develop a program to begin the investigations of MCSs. In many aspects, this program resulted from that suggestion and subsequent work.

FIG. 6C. Time-height cross section of the McPherson wind-profiler data. Half barb is 2.5 m • s , full barb is 5 m • s" , and a flag is 25

m-s .
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indicate negative flashes; squares indicate positive flashes.
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