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Cooperative Oklalioma Profiler Studies (COPS-91)

1. Introduction

By spring 1991, the central part of the ERL
Profiler Demonstration Network will be opera-
tional. With the deployment of any new obser-
vational system, a period of assessment is re-
quired to comprehend its inherent observational
strengths and limitations fully. Although com-
prehensive assessment will be a long-term pro-
cess, an initial evaluation should be performed
which involves comparison of data collected by
in-situ sensors such as instrumented aircraft,
dropsondes, and mobile balloon soundings in a
variety of meteorological conditions. Such an
evaluation will involve more than just compari-
son of coincident multi-sensor observed winds.
We seek to determine the value of the profiler
data to the determination of subsynoptic circula-
tions and forcing for vertical motion associated
with mesoscale phenomena such as Mesoscale
Convective Systems (MCSs), drylines, and
frontal boundaries.

The NSSL will deploy a mesoscale observa-
tional network of Doppler radars, P-3 aircraft,
and mobile CLASS systems equipped with the
capability to launch electric field meters and
particle charge determination devices, and
NCAR’s Portable Automated Mesonet (PAM)
surface stations for 50 days (April 24 to June 12)
during the spring of 1991 to perform initial as-
sessment activities. We have termed this project
the Cooperative Oklahoma Profiler Studies (COPS-
91).

The capabilities of the radio/acoustic
sounding systems (RASS) in the plains environ-
ment will also be examined through the de-
ployment of a 915 mHz RASS profiler near the
center of the Cimarron-Norman dual-Doppler
southwest lobe (near Chickasha, OK) and the in-
stallation of a RASS on the network profiler at
Purcell, OK. To complement the RASS observa-
tions a multi-frequency microwave radiometer
will be deployed with the 915 mHz RASS pro-
filer near Chickasha, OK to provide temporally
continuous observations of precipitable water
vapor and integrated cloud liquid.

In addition to the primary goal of profiler
assessment, other very specific and highly fo-
cused scientific goals will also be addressed in-
volving the electrification and microphysical
processes of MCSs, the structure and mesoscale
circulations of drylines and cold frontal bound-
aries and their role in convective initiation. If
the opportunity presents itself, we would like

the P-3 to fly airborne Doppler patterns near the
Cimarron Doppler radar to supplement and
help validate polarization measurements made
by the Cimarron radar. None of these goals
were specifically addressed by previous
mesoscale field experiments (e.g., PRE-STORM),
and are also not topics that are specifically part
of the large, scale-interaction programs pro-
posed for the late-1990s in the central U.S. (ie.,
STORM I). In addition, COPS-91 will comple-
ment the planned STORM-FEST experiment,
which will employ new sensing systems
(profilers and NEXRAD) in a wintertime setting.
Thus COPS-91 will provide a valuable test of
these systems, and new observing strategies,
that will contribute substantially to preparations
for STORM I spring/summer experiments.
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2. Principal Investigators

COPS principal investigators for the various
scientific sub components are listed in Table 1.

Table 1. COPS-91 principal investigators.

Subcomponent

Principal Investigators

Dryline

MCS and Thunderstorm Electrification

MCS Dynamics

Frontal Circulations and Low Level Jet

Experimental Forecasts & Forecast Evaluation
Experiment

Heat Fluxes from RASS Profilers

Polarization Studies (including T-28)

Carl Hane, NSSL
Conrad Ziegler, NSSL
Howie Bluestein, OU
Melvyn Shapiro, WPL

David Rust, NSSL

Thomas Marshall, U. Miss

Steven Rutledge, CSU

David Jorgensen, NSSL
Thomas Matejka, NSSL
Bradley Smull, NSSL

Edward Brandes, NSSL
Steven Koch, NASA

Chuck Doswell, NSSL
Don Burgess, NSSL
Harold Brooks, NSSL

Richard Doviak, NSSL
Z. Sorbjan, OU

Dusan Zrnic, NSSL
V. N. Bringi, CSU
Kultegin Aydin, PSU
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3. Primary Objectives

The project has four primary objectives and
a number of ancillary goals. Each of the objec-
tives is described more fully below.

3.1  Scientific Assessment of the Profiler
Demonstration Network

These activities will focus (1) on the inter-
pretation of the profiler network data in the
context of the other meteorological data sets,
and (2) investigate the use of Radio Acoustic
Sounding System (RASS) technology to deter-
mine heat flux profiles and in the analysis of
mesoscale forcing fields produced by dynamic
retrieval techniques based on dual-Doppler
wind fields.

3.1.1 PHENOMENA OR PROCESSES TO BE
STUDIED

Mesoscale convective systems, and the envi-
ronments associated with severe convective
storms, particularly frontal and dryline circula-
tions and the nocturnal low level jet are the
phonomena of interest. In particular, data will
be collected in the stratiform regions of
mesoscale convective systems since the larger
spatial and temporal scales of organization
should permit unquestionably reliable wind
field synthesis with the airborne and ground-
based Doppler radars. Also, data on the space
and time structure of short wave troughs will be
collected, in conjunction with the passage of
such systems over the profiler array, by the P-3.

3.1.2 WHY THIS TOPIC IS IMPORTANT

The use of profilers and RASS would enable
both innovative mesoscale research to be per-
formed and afford a scientific context in which
to demonstrate the capabilities of the instru-
ments. The RASS would be exploited beyond its
immediate use as a vertically remote-sensing
thermometer. Specifically, RASS data would be
combined with Doppler radar data for the de-
duction of thermodynamic fields over mesoscale
domains to deduce the forces (and their evolu-
tion) that cause MCSs to evolve. Since short
wave troughs are relatively poorly understood
and certainly are not handled well by numerical
weather prediction models, it is important to
gain some insight about their nature. It is not
entirely clear that winds alone will provide
enough information about such systems, so the
dropsondes are an essential ingredient in explor-
ing them, as well as the detail that can be seen
from the wind profilers.

3.1.3 GOALS OF THE STUDY

The profilers will be used to monitor the
temporal evolution of wind shear. Those data
can be related to the character of the convective
storms observed by Doppler radar (both air-
borne and ground-based) to help understand
why storms separated by short distances can
sometimes have quite dissimilar structure
(supercell, multicell, squall line) and why some
storms evolve from one type to another, particu-
larly near drylines, fronts, and outflow bound-
aries. Numerical modelling evidence indicates
the sensitivity of modelled storms to convective
available potential energy and wind shear.
COPS-91 presents an opportunity to examine the
relationships between storm structure and the
mesoscale environment.

Profiler data, in conjunction with dropson-
des, will be used to document the three-dimen-
sional strucuture of wave disturbances embed-
ded in westerly flow.

Profiler data will be used to calculate helic-
ity, a measure of vertical wind shear available
for tilting into mesocyclones and tornadoes.
Calculated from sounding and Doppler VAD
data, it has been shown to be useful in tornado
forecasting. Profiler-estimated helicity will be
compared to helicities from special mobile
soundings, Cimarron Doppler data, and numer-
ical model data to determine the added value of
data from the new observational system. Itis
hoped that helicity from profilers or profiler
data combined with NEXRAD data give better
spatial and temporal resolution to forecast ef-
forts aimed at predicting mesoscale environ-
ments suitable for tornado formation.

Profiler data will be used in experimental
forecasts issued by teams of NSSL and Norman
WSFO personnel. In addition, the experimental
forecast teams will monitor real-time use of pro-
filer data by WSFO Public and Aviation
Forecasters. Since profiler data will become
available to researchers and operational fore-
casters at the same time, it is important to check
initial forecast contributions, correct any mis-
usage, and develop new methods of application.
As part of the profiler-usage evaluation, NSSL
experimental forecasters will summarize their
perceptions by filling out questionnaires on a
daily basis.

The P-3 data will be used to “fill in the
gaps” between profilers to help separate spatial
from temporal gradients that are evident in the
profiler time series, particularly if strong gradi-
ents (such as those created by dryline and
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frontal boundaries) exist between profiler sites.
Safe dropsonde capability, proven in the earlier
COPS-89 experiment, will be used to gather
complementary data sets with which to compare
lower tropospheric profiler analyses of vertical
motions.

Improvement in understanding of the
mechanisms associated with short term evolu-
tion of mesoscale weather systems will hope-
fully lead to improvements in prediction.
Decomposing the forces and their evolution
within mesoscale systems using Doppler and
RASS data will help us understand the physics
of system evolution and may give clues to what
occurs prior to the evolution that may enable the
changes to be anticipated.

3.14 HYPOTHESES TO BE TESTED

¢ Under what conditions can we trade the
enhanced temporal sampling resolution of
the profilers for increased spatial depiction
of mesoscale weather systems?

* Can the profilers reproduce low level jet
wind speed profiles?

¢ Can RASS profilers be used to reliably mea-
sure boundary layer heat fluxes?

¢ Can RASS-derived vertical virtual tempera-
ture profiles be used to complete the ther-
modynamic tendency analysis started by
dual-Doppler retrievals?

* Can the Profiler reflectivity and spectral
width data be used to estimate heat fluxes?

3.1.5 MEASUREMENT REQUIREMENTS

Data sets that are required include dual-
Doppler radar, P-3 in-situ observations and
dropsondes, mobile CLASS balloon flights, as
well as conventional observations. Specific
flight patterns will also be flown relative to the
profiler network to evaluate sampling limita-
tions. The aircraft will also fly tracks connecting
the profiler sites to produce finer-scale data to
check assumptions generally invoked for time
variation of the winds over the profiler network.

3.1.6 DESIRED SAMPLE SIZE

Two P-3 and MCLASS deployments to ex-
amine the structure of short waves and their
environments associated with baroclinic zones
within the Oklahoma-Kansas hexagon of profil-
ers.

3.2 Electrification Mechanisms of Mesoscale
Convective Systems

3.2.1 PHENOMENA OR PROCESSES TO BE
STUDIED

Mesoscale convective systems and isolated
thunderstorms.

3.2.2 WHY THIS TOPIC IS IMPORTANT

Recent studies have revealed that cloud-to-
ground lightning patterns in the PRE-STORM
10-11 June 1985 squall line had distinct bi-polar
lightning patterns with positive cloud-to-ground
flashes observed in the stratiform region with
frequencies of over 100 flashes per hour. The
largest positive flash frequencies occurred near
in time to the maximum coverage of stratiform
echo, suggesting a possible link between posi-
tive lightning and stratiform microphysical pro-
cesses or advective processes from convective
regions that lead to more intense stratiform
echo. Furthermore, the flash rates were corre-
lated in time with the stratiform precipitation
amounts over a period of several hours. Eight
other PRE-STORM and COPS-89 cases (4 June
and 7 June) have been subsequently analyzed
and similar results were found relating positive
ground flashes to stratiform precipitation asso-
ciated with MCSs.

A charge separation process was proposed
by Rutledge and MacGorman (1988) to explain
the presence of positive ground flashes in the
stratiform precipitation regions. In this mecha-
nism, positive charge is advected from the con-
vective region into the stratiform region by
mesoscale wind patterns. The charge is con- -
tained on small ice particles that exit the convec-
tive cells at upper levels, where positive charge
normally resides in a convective storm. The ad-
vection of positive charge may then lead to the
build-up of positive charge in the outlying strati-
form region to the point where a lightning dis-
charge is generated. More recently, Rutledge
and MacGorman (1989) have discussed the gen-
eration of significant amounts of charge in the
stratiform region through stratiform microphys-
ical processes. They applied a simple one-di-
mensional model to evaluate the non-induction
charging through ice-ice collisions in modest su-
percooled liquid water contents (0.1 g m-3).
They concluded that large charge densities can
be generated by this process, leading to local
field breakdown. This charging process is de-
pendent upon large ice crystal concentrations
(based upon observed values) and the presence
of a strong mesoscale updraft which allows su-
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percooled water to be present. Their mecha-
nisms only provide a dipole, while our first
measurements show multiple charge layers
stacked in the stratiform region.

3.2.3 GOALS OF THE STUDY

Additional field measurements of electric
field, particle charge, etc. are needed to allow
further study of these processes. Recently,
Schuur et al. (1991) and Hunter et al. (1991) have
documented the existence of positive charge lay-
ers to the immediate rear of a convective line
that could have resulted from the advection of
positive charge by graupel particles from the
convective line. In-situ charging also appears
viable. There will always be questions, how-
ever, about the validity of assumptions of infi-
nite horizontal homogeneous charge that were
required to infer charge layers from soundings.
Since we have identified both dynamic and mi-
crophysical mechanisms possible operating in
the charging process, we need to obtain a set of
measurements on multiple soundings to address
this problem more completely. Another balloon-
borne instrument will be flown on some flights
to measure precipitation particle charge and size
(called the g-d instrument). In order to test even
rudimentary models, we need to measure in-situ

icle g-d measurements to ascertain if the cal-
culated (from models and EFM data) space
charge densities can be explained solely by
charged precipitation or whether cloud particles
may play a significant role.

324 HYPOTHESES TO BE TESTED

By combining simultaneous measurements
of the mesoscale circulations (by both ground-
based and P-3 airborne Doppler radar) with
electric field and particle charge and size from
balloon-borne instruments (which yield inde-
pendent estimates of charge densities), and par-
ticle concentrations and sizes/habits (from P-3
microphysical observations) a unique data set
will be available with which to address these
charging hypotheses. Specifically, we seek to:

¢ Provide the first estimates of the 3-D struc-
ture of electric charge in MCSs to evaluate
2-D assumptions used in previous studies
and to provide a data base against which
models can be compared.

e What extent is in-situ charging of the strati-
form regions important relative to the ad-
vection of charge from convective regions?

¢ Are microphysical characteristics of parti-
cles revealed by polarization observations
correlated to regions of charge?

* Are changes in electrical properties within
squall line associated with changes in sys-
tem dynamics as revealed by Doppler and

larization radar? For example, Rotunno
et al. (1987) have proposed that a balance
exists in the intense convection of squall
lines between the horizontal vorticity in the
cold, forward moving outflow air and the
horizontal vorticity of the opposite sign in
the environmental wind shear profile.
Strengthening of the outflow vorticity up-
sets this balance and results in an accelera-
tion of the outflow ahead of the convection
in the line and a weakening of the squall
line convection but presumably also in gen-
eration of more extensive trailing stratiform
cloud and precipitation. This theory will be
tested by using the P-3 Doppler to measure
the strength of the outflow vorticity and P-3
dropwindsondes to measure the shear in
the environmental flow ahead of the line
during a time period encompassing the
transition from the mature to dissipating
stages.

3.2.5 MEASUREMENT REQUIREMENTS

Soundings of the electric field and particle
charge and size will be obtained with NSSL's
mobile CLASS facilities, which in addition to the
electric field provide needed thermodynamic
and wind profiles. In-situ vertical electric fields
will also be provided by the T-28 aircraft. The
vertical electric field from the T-28's horizontal
flight paths will provide data sets with which to
evaluate the homogeneity of horizontal charge
distribution in large stratiform regions. Vertical
profiles of precipitation will be obtained with
both in-situ measurements (P-3 and T-28) and
the balloon and polarimetric measurements.
The polarimetric observations will be useful to
determine how homogeneous is the stratiform
region of MCSs.

3.26 DESIRED SAMPLE SIZE

Four MCSs are required to gather an ade-
quate sample of MCS structures. Three isolated
severe convective storms will be required to ad-
equately relate electrification and polarization
signatures to the storm dynamics.

3.3  Documentation of Dryline Structure and
Morphology

3.3.1 PHENOMENA OR PROCESSES TO BE
STUDIED

The dryline and its basic circulation.
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3.3.2 WHY THIS TOPIC IS IMPORTANT

Convective storms that are initiated along
the dryline are recognized to be of major con-
cern to forecasters of severe weather in the
Central and Southern Plains. This phenomenon
has yet to be extensively observed and mod-
elled.

3.3.3 GOALS OF THE STUDY

Of particular scientific interest are the fol-
lowing: Why, under weak (and sometimes
strong) synoptic-scale forcing, do large storms
form on some days, and fail to develop on oth-
ers? Why do storms tend to form in preferred
areas along the dryline, but not in others? What
is the role of mesoscale dryline circulations (both
two-dimensional and three-dimensional) and
fluxes of heat and moisture from the surface in
initiating dryline storms? How is the type of
storm or storm system that forms along the dry-
line determined by the dryline environment? A
combination of in situ observations from the P-3,
serial sounding information from mobile CLASS
(MCLASS) units, safe dropwindsonde releases
from the P-3, and data from a regional network
of surface stations (PAM) will be used to inves-
tigate the dryline environment for storm forma-
tion. When and if storms form at nearby loca-
tions along the dryline, all systems will be di-
rected toward delineation of storm morphology
and the near environment of storms.

The uniqueness of these experiments lies in
the mobility of the P-3 aircraft and sounding
systems, and the existence of a regional scale
surface network. There have been few detailed
studies of the initiation of convective storms
along the dryline because the dryline is rarely
located within a dense observational network.
However, the dryline environment is a natural
laboratory for studies of storm initiation because
of its frequent occurrence in Texas and
Oklahoma during the spring, the narrow zone in
which it occurs, and its relatively slow move-
ment. The mobility of the observing systems
allows for the possibility of going to the area of
storm formation to take measurements before
storms occur, to follow the dryline by adjusting
locations of flight patterns as the pre-convective
dryline moves, to seek out small scale storm-
producing features along the line for detailed
observation, and to follow the storms once they
form primarily utilizing the on-board Doppler
radar.

3.34 HYPOTHESES TO BE TESTED

As a prerequisite to improved understand-
ing of storm initiation, several basic questions
concerning dryline structure and motion must
be addressed with the aircraft and mobile
CLASS data. One question is: Are virtual po-
tential temperature contrasts present across the
dryline? (Some previous studies suggest not, al-
though data from several field experiments [e.g.,
NSSP-62, TEXEX, COPS-89] indicate or imply
that these constraints do indeed exist.) Itis hy-
pothesized that differential diabatic heating
generates an east-to-west virtual temperature
gradient which gives rise to a solenoidally-
forced ageostrophic flow acceleration and a ver-
tical circulation. A frontogenetic mechanism,
which should be acting in such conditions,
might help to explain how the discontinuity of
moisture, temperature, and horizontal wind is
maintained across the dryline. The frontoge-
netic mechanism might concentrate horizontal
convergence on the moist side of the dryline.
The resulting enhanced vertical motion and ver-
tical shear of the horizontal wind might be im-
portant contributors to severe thunderstorm
formation east of the dryline.

Other basic questions include the following;:
Does the dryline exhibit continuous eastward
propagation during the daytime? What specific
changes in parcel stability (e.g., convective avail-
able potential energy or CAPE and negative
CAPE), lifted condensation level or LFC, level of
free convection or LCL, occur along the dryline
on thunderstorm days? COPS-89 data suggests
that moisture is injected into the layer between
the shallow CBL east of the dryline and the top
of the deep CBL west of the dryliné, thus in-
creasing convective instability. By what mecha-
nism is moisture lifted east of the dryline into a
layer between the tops of the external and inter-
nal CBLs? (COPS-89 data suggests that moisture
is deeply mixed above the dryline, then ad-
vected eastward.)

One of the specific questions to be addressed
is how small scale features along the dryline en-
hance the environment for storm formation. For
example, mesoscale dryline low pressure areas
have been hypothesized to bring about a deep-
ening of the moisture near the dryline where it
might otherwise be too shallow to allow for
storm formation, and also to provide a localized
vertical shear profile more favorable for storm
severity. Besides these mesoscale low pressure
areas, along-line features might include local-
ized areas of mesoscale convergence, small scale
dryline “bulges”, or boundary layer rolls ahead
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of the dryline whose intersection with the line
might provide preferred areas for storm forma-
tion. Larger scale features such as upper level
short waves might also influence the timing and
location of convective development. The high
time resolution of the profiler network data will
provide indications of whether upper level fea-
tures such as translating short waves are influ-
encing the development of storms, and are per-
haps linked to the above-listed small scale fea-
tures also.

Experience in forecasting has shown that in
some cases the area near the “triple point” (point
where a dryline intersects a cold front) is a fa-
vored area for the initiation of deep convection.
It has been hypothesized that upward circula-
tions associated with the cold front and dryline
merge at the triple point to produce enhanced
potential for initiation, as evidenced by the fre-
quent observation of strong convective storms
northeast of the triple point. If the opportunity
presents itself, an experiment to examine varia-
tions of cross-dryline gradients in the along dry-
line direction (over approximately 200 km) will
be extended to include investigation of cross-
dryline, cross-frontal, and cross-(merged)
frontal/dryline structure in the triple point re-
gion.

3.3.5 MEASUREMENT REQUIREMENTS

The P-3 and mobile CLASS data will docu-
ment the morphology of the daytime dryline
environment. From these observations, it
should be possible to detect the hypothesized
solenoidally-induced vertical circulation in the
CBL. If thunderstorms form in the vicinity of
the P-3 and MCLASS, it will be determined if
the vertical circulation is accelerated (and hori-
zontal convergence amplified) around the time
of the observed convective development.

The P-3 and MCLASS soundings data will
document certain specific characteristics of the
mesoscale dryline environment fairly well (e.g.
east-west moisture increase and virtual potential
temperature decrease). A mesoscale numerical
model will be used to provide additional infor-
mation and assist in defining the physical mech-
anisms governing the evolution of heat, mois-
ture content, and airflow in the dryline region.
In collaboration with scientists at Colorado State
University, the 2-dimensional, non-hydrostatic
version of the Colorado State University RAMS
(Regional Atmospheric Modeling System) is cur-
rently being run at NCAR to simulate the dry-
line case from COPS-89. These efforts will be
expanded to include simulations of COPS-91
cases using the nested, 3-dimensional version of

the CSU-RAMS. The NOAA aircraft, profiler,
and mobile CLASS soundings are indispensable
as a means of initializing and verifying the 2-
and 3-dimensional model simulations.
Hypotheses developed independently from the
data and model output will be cross-validated.

3.2.6 DESIRED SAMPLE SIZE

At least three cases of drylines on days
when convective storms are forecasted to de-
velop in the dry line region.

34  Documentation of Cold Frontal Circulations

34.1 PHENOMENA OR PROCESSES TO BE
STUDIED

Structure and dynamics of dry fronts includ-
ing such features as prefrontal convergence
lines, hydraulic heads, multiple frontal struc-
tures, dryline-front mergers, and transverse
frontal circulations, and their interactions with
the synoptic background flow.

34.2 WHY THIS TOPIC IS IMPORTANT

The present knowledge of dry frontal circu-
lations is based primarily on surface measure-
ments, cross-sections drawn with widely spaced
rawinsonde observations, and theory and nu-
merical simulations that have not been rigor-
ously compared with observations. The manner
in which the boundary layer features interact
with the quasi-balanced, large-scale flow is
poorly understood. Progress is hindered largely
by the shortage of high resolution observations
above the surface and on the mesoscale. The
proposed experiment will yield observations
with unprecedented spatial and temporal detail
of frontal features with scales of 2-200 km. The
data should prove useful for verifying numerical
simulations of fronts and for increasing our un-
derstanding of dynamical processes in frontal
zones. Improved understanding of the role of
these mesoscale frontal circulations in the initia-
tion of frontal and prefrontal squall lines is also
of importance.

34.3 GOALS OF THE STUDY

To document the small scale structure of dry
front (and dryline) circulations and their rela-
tionship with the larger (synoptic)-scale flow. A
second goal is to assess the capabilities of new
remote sensing systems. The following are sub-
goals.

¢ To determine the evolution, horizontal
scale, depth, and structure of cold fronts
and their accompanying transverse circula-

NATIONAL SEVERE STORMS LABORATORY



tions. Temperature and pressure fields re-
constructed from observations and re-
trieved from dual-Doppler derived wind
fields will be used in Sawyer-Eliassen diag-
nostics of frontal circulations for compari-
son with the observed circulations.

To determine the relative strengths of
stretching deformation and shearing de-
formation in the frontal reference frame,
and the combined ability of temporal in-
formation in the profiler data and spatial
information in the aircraft and Doppler
radar data to estimate the four-dimensional
kinematic fields, including deformation
and frontogenesis.

To determine the kinematic and thermody-
namic properties of prefrontal convergence
boundaries. To establish their origin and
role in prefrontal squall line generation.

To use idealized frontal models and three-
dimensional mesoscale numerical models
to examine the interaction between the
small-scale structures and large-scale forc-
ing, to evaluate the relative importance of
boundary layer processes, and to test our
hypotheses.

To determine the combined ability of the
RASS and radiation-equipped PAM sys-
tems to provide reasonable sensible heat
fluxes in the surface and boundary layers.
These fluxes will then be related to the na-
ture of vertical circulations derived from
profiler, P-3, and dual-Doppler analyses.

To examine the capabilities of the wind
profilers (horizontal velocity, vertical ve-
locity, and return power measurements) for
frontal studies. Of particular interest is the
impact of the relatively high first data gate.

34.4 HYPOTHESES TO BE TESTED
e Although they can be initiated by the

geostrophic deformation of the large-scale
flow, the transient features of the small-
scale structure are largely determined by
local internal dynamics.

The cross-frontal variation in surface sensi-
ble heat flux may interact with the large-
scale deformation field to produce a verti-
cal circulation of sufficient intensity to gen-
erate post-frontal clearing of low-level
clouds and frontal line convection, the lat-
ter of which culminates in the formation of
a frontal squall line provided the convec-
tive available potential energy (CAPE) is
adequate.

* The leading edge of some cold fronts dis-
plays dynamic similarity with gravity cur-
rents, in terms of the vertical structure,
front-relative flow, and rate of advance of
such fronts.

¢ The vertical circulation associated with the
dryline-front merger process is primarily
the result of the frontogenetical effect of
pre-existing deformation at the dryline act-
ing upon the newly created virtual temper-
ature gradient provided by the appearance
of the cold front at the dryline.

34.5 MEASUREMENT REQUIREMENTS

* Volumetric scans of radial velocity and
radar reflectivity from the Norman and
Cimarron Doppler radars. Measurement
resolution should be 1° to 1.5° in azimuth,
0.5° in elevation, and 150 m in range. The
radars should operate in expanded mode,
free-run, 128 samples, rotate at 6° s1,and
make full 360° sweeps. Individual scans
must be coordinated to permit dual-
Doppler synthesis of three-dimensional
wind fields. Coordinated sequences should
be taken routinely at 30 min intervals.
Whenever detectable boundaries are pre-
sent, the interval should be reduced to 15
min. In some instances RHI scans may be
requested.

¢ P-3 measurements at multiple heights in

cross-sections normal to the front and
passing through the dual-Doppler radar
network, the observations to include tem-
perature, dew-point temperature, pressure,
horizontal wind, and vertical wind.

¢ Serial observations from both of NSSL's
MCLASS units. Soundings to be at 60-90
min intervals, both ahead of the front (or
accompanying prefrontal boundaries) and
well to the rear of the front.

¢ Surface observations from the surface
nested mesonetwork, the observations to
include wind velocity, temperature, wet-
bulb temperature, and pressure. In addi-
tion, radiative flux measurements from
several PAM sites is required.

RASS temperature soundings, one of which
should be positioned within the dual-
Doppler radar area and collocated with a
PAM radiative flux site.

¢ Wind observations from the Demonstration
Network profilers and from a boundary
layer wind profiler. Furthermore, 5-6 min
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resolution surface data should be collected
at the profiler and Doppler radar sites.

34.6 DESIRED SAMPLE SIZE
o Two missions with aircraft support.

¢ Dual-Doppler radar and soundings to be
collected from all frontal passages with
sufficient clear-air signal.

3.5  Ancillary Goals

There are five ancillary goals of COPS-91: (1)
documentation of the physical characteristics of
intracloud lightning, (2) validation of polarimet-
ric parameters obtained by the Cimarron radar
and comparison of these parameters with in situ
electric field and particle charge and size, (3) a
real-time experiment to utilize computer simula-
tions to forecast convective development, (4)
gather Cimarron radar data sets with which to
test and evaluate new models and algorithms for
the detection of gust fronts (FAA project), and
(5) document fine scale kinematic and thermal
structures of the low-level nocturnal jet. Each of
these goals is addressed below.

Lightning Observations. To infer the rela-
tionships between the phases of intracloud
lightning, video observations of intracloud
lightning in storms nearby to Norman will be
made in the whole sky mode from two locations:
the roofs of NSSL and the University of
Oklahoma Energy Center building. The main
objective is to determine 3-dimensional dynam-
ics in the lightning propagation processes out-
side the storm in relation to their electric and
magnetic fields. Radiation, electric, and mag-
netic field measurements will be made at NSSL,
while electric field sensors will be installed at
OU. Special all-sky measurements with a high-
speed video system will tie lightning propaga-
tion to radiation signals and provide needed
data for testing theories of lightning develop-
ment.

Validation of Polarimetric Parameters. The
Cimarron Doppler radar is currently being mod-
ified to provide several polarimetric variables
over all range gates and for the first time will be
able to scan storms of interest in a time interval
comparable to normal Doppler collection times.
There is a need (1) to determine the effectiveness
of the differential propagation constant, Kdp, for
estimating liquid water in the mixture of rain
and hail, (2) to evaluate the relationship between
the correlation coefficients and hail size, and (3)
to provide a better microphysical interpretation
of the polarimetric data. The P-3 and T-28 will
be used primarily to document basic storm

structure using the airborne Doppler (on the P-
3) and the microphysical probes (mounted on
both aircraft). Because the P-3's Doppler radar
is X-band, comparison with S-band reflectivity
would allow identification of hail aloft and to
some extent its size. This comparison would
serve as an independent verification of polari-
metric measurements. Ground truth about hail
size will be provided by the T-28 hail spectrome-
ter.

Experimental Forecast Validation
Experiment. The basic idea is to begin to inves-
tigate the possible role(s) for high-resolution
numerical models in forecasting deep convec-
tion. A basic tenet in the modernization of the
National Weather Service is that models of all
sorts (numerical, conceptual, statistical, etc.) can
be used to provide a new focus on relatively
short-range (24 h or less) forecasts (i.e., a
mesoscale emphasis). This experiment has three
specific objectives:

¢ Determine a baseline skill level at forecast-
ing the thermodynamic and kinematic
structure of the atmosphere at a specified
time and location on the order of 6 hours in
advance.

¢ Explore the value of a numerical cloud
model in near real-time to assess whether
or not supercell convection is possible.

¢ Explore the value of a numerical weather
prediction model with relatively high spa-
tial resolution (on the order of 30 km) to
forecast the detailed thermodynamic and
kinematic structure of the atmosphere at a
specified time and location on the order of
6 hours in advance.

The NMC has indicated their willingness to
share, on a limited number of days, high-resolu-
tion (30 km grid) ETA model output. We expect
to explore the use of such output subjectively,
and also as a guidance tool in the first objective.
We expect to verify supercells by defining su-
percell convection to be that which has certain
Doppler-radar detectable characteristics. The
cloud model output will constitute “guidance”
to the forecast of whether or not supercells will
occur.

Gust Front Algorithm Development. The
Cimarron Doppler radar will be used to collect
data for testing, enhancement, and development
of a number of algorithms for both the NEXRAD
and TDWR programs. The Advanced Gust
Front, TVS, Velocity De-aliasing, Hail,
Mesocyclone, Severe Weather, and VAD algo-
rithms will be run in real-time. The objective of
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running these algorithms in real-time is to test
the latest version of the algorithms on a large
number of data sets in a high wind, high wind
shear environment. Running these algorithms
in real-time allows testing them on data sets that
they would normally not be tested on, which
sometimes reveals shortcomings of algorithms
that would not otherwise be observed. Data will
also be collected using a TDWR scanning mode
for possible testing of the TDWR microburst and
velocity dealiasing algorithms.

The weather phenomena of interest are:
gust fronts, severe downbursts, tornadoes,
strong vertical wind shear cases including low-
level jets, strong frontal passages, large scale
convective phenomena (to test possible C-band
range folding problems) and severe thunder-
storms. Also, clear-air VAD data collection,
prior to deep convection, on days when mesocy-
clones are anticipated. These data will be used
to calculate helicity and compare helicity esti-
mates to similar estimates derived from profiler
data.

The real-time system is being developed on
the ConCurrent 3280 and the SUN computer
network. Itis planned that there will be five
SUN workstations available for running the al-
gorithms and overlaying output of the algo-
rithms on displays of the Doppler radar data.
One or two observers will monitor the algo-
rithms when they are running.

Nocturnal Low-Level Jet. This study seeks
to demonstrate the capabilities of the profilers to
sample the Plains nocturnal low-level jet with
sufficient detail to yield the maximum wind
speed and the shape of the jet profile. The re-
quired measurements are:

¢ MCLASS soundings at 90 minute intervals
from 1800 to 0600 CDT from Chickasha
(site of the 915 mHz RASS).

¢ Single-Doppler radar observations from the
most sensitive available radar for the pe-
riod 1800 to 0600 CDT. If the NEXRAD
radar is used the clear-air (long pulse) and
precipitation modes (14 elevation angles)
should be used. The desired interval be-
tween radar observations is 30 minutes.

¢ Dual-Doppler radar observations for the
period 2000 to 2200 CDT.

¢ 915 mHz RASS profiler, Purcell RASS pro-
filer, and other network profiler data from
1800 to 0600 CDT.

¢ Water vapor profiles from the multi-fre-
quency microwave radiometer.

¢ Surface observations from the PAM sta-
tions.

10
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4. Project Facilities

NSSL will bring several new observing sys-

tems to COPS-91 in addition to facilities that
have proven their capabilities in past experi-
ments, e.g., OK PRE-STORM, COPS-89, and

vided through support by the ERL
Director’s office.

A WPL RASS system for the network wind
profiler at Purcell, Oklahoma. This instru-
ment was provided through support by the
ERL Director’s office.

SWAMP. These facilities are:

¢ P-3aircraft equipped to perform the

Fore/ Aft Scanning Technique (FAST) with
its tail-mounted Doppler radar. Other new
sensors that have been added to the P-3's
complement for COPS-91 include the (a)
NOAA King Air PMS probes and data sys-
tem (2D-C and FSSP) to improve data qual-
ity over the older P-3 cloud physics system
and the (b) NSSL-owned Loran
Dropwindsonde system developed by
NCAR that was very successfully used dur-
ing COPS-89.

Two NSSL mobile laboratories (designated
NSSL1 & NSSL2) equipped to launch elec-
tric field meters (EFMs), particle charge and
size instrument (q-d), and MCLASS sound-
ings. These mobile labs also have capabili-
ties for in-situ surface observations of tem-
perature, dewpoint, and wind speed and
direction as well as surface electric field
and video recording of visual phenomena.

NSSL’s Cimarron and possibly Norman
Doppler radars. Cimarron has been sub-
stantially upgraded in the last two years to
collect a full range of dual-polarization pa-
rameters, in addition to basic moment data
of radial velocity, reflectivity, and spectral
width. The control of Cimarron has also
been greatly improved by remoting the
data via microwave link to NSSL for real
time display and recording as well as re-
mote computer-driven antenna control via
commands issued from NSSL. Norman
Doppler will be operated only if the OSF
NEXRAD and/or Twin Lakes NEXRAD are
not operational.

NCAR PAM stations. A total of 15 stations
will be installed for COPS-91. Seven will be
deployed in the southwest dual-Doppler
lobe in a small area to study frontal circula-
tions (supported by NASA), while the other
stations will be deployed farther west in the
dryline region (supported by NSF).

A WPL 915 mHz wind profiler equipped
with RASS near the center of the Cimarron-
Norman dual-Doppler southwest lobe near
Chickasha, OK. This instrument was pro-

¢ A WPL multi-frequency microwave ra-
diometer for temporally continuous obser-
vations precipitable water vapor and inte-
grated doud liquid water. This system will
be installed near the 915 mHz wind profiler
near the center of the Cimarron-Norman
dual-Doppler southwest lobe near
Chickasha, OK. This instrument was pro-
vided through support by the ERL
Director’s office.

e NSF provided T-28 storm penetration air-
craft for in-situ measurements of precipita-
tion, including hail, hydrometeors, and
vertical electric field.

¢ In order to enhance experimental convec-
tive forecasts NSSL will make occasional
use of special ETA model forecast runs
from NMC. Routine use will also be made
of the Klemp/Wilhelmson storm scale fore-
cast model to provide forecasts of convec-
tive storm type for selected areas.

Fig. 1 shows the likely deployment of sensors for
COPS-91. Fig. 2 shows the locations of PAM
stations and Table 2 shows the latitudes and
longitudes of the PAM stations.

NATIONAL SEVERE STORMS LABORATORY
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Fig.1 Preliminary deployment of instrumentation for COPS-91. Triangles (A) represent the locations of

network wind profilers, solid circles (#) represent the location of Cimarron and Norman

Doppler radars,

stars (%) with numbers represent the PAM stations, and the open circle (O) is the 915 mHz RASS wind

profiler and multi-frequency microwave radiometer.
shown as asterisks (%) for reference.
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_Table2. _Location of PAM stations during COPS-91
PAM Station Locations: COPS-91
# . Latitude Longitude | Elevation
Station Name (dd° mm’ ss”) (dd° mm’ ss”) (meters)
1 [ Stinnett, TX 35°50"27" N [101°26'53" W 100
2 | Quitaque, TX 34°22°09” N | 100° 59 08" W 738
3 ]| McLean, TX 35°13’21” N | 100° 34’ 57" W 868
4 | Canadian, TX 35°53 45" N | 100° 24’ 05" W 726
5 | Erick, OK 35°12° 10" N | 99°53' 28" W 634
6 | Chillicothe, TX 34°11742" N | 99°31' 13" W 429
7 | Com,OK 35°22' 47" N | 98° 46" 23" W 487
8 | Watonga, OK 35°51"22” N | 98°25' 24" W 466
9 | Union City, OK |35°21’58” N |97°52' 45" W 381
10 | Pocasset, OK 35°14'49” N | 98°02' 11" W 410
11 | Chickasha, OK |35°03'55” N |98°00" 18" W 337
12 | Tabler, OK 35°00" 16" N | 97°47' 58" W 351
13 | Blanchard, OK | 35°06'24” N |97°37' 04" W 367
14 | Newcastle, OK | 35°17' 18" N | 97°3% 01" W 394
15 | Amber, OK 35°10° 35" N | 97°49’ 4" W 371
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5. Overview of Operations for
Critical Observing Systems

The proposed COPS time period in April
24—June 12, 1991. This interval corresponds to
the most climatologically favorable period for
severe weather and mesoscale convective sys-
tems in west Texas and Oklahoma. The de-
ployment of resources and decisions concerning
specific experiments will be made following the
daily noon briefing. A scientific steering com-
mittee consisting of the lead PI's, the COPS-91
Project Director, the AOC project coordinator,
and the NSSL facilities coordinator will meet
following the briefing to plan the specific exper-
iment for that day plus provide an outlook concern-
ing the next days operations. COPS-91 project di-
rector, in consultation with the scientific steering
committee and the AOC and NSSL facilities co-
ordinators, will make the decisions concerning
choice of missions and name the Mission
Director for the day. Once the mission selection
is completed, the deployment schedule for the
mobile labs, tentative P-3 takeoff time, and
radar staffing schedules can be finalized.
Operations of the primary observing compo-
nents of COPS-91 are detailed below.

51 P3

The amount of P-3 flight time available is
110 flight hours. The ferry and a short test flight
reduces the research time available to about 100
flight hours. The distribution of flight time
amongst the various scientific goals of COPS
will depend on the weather, however, an ideal
breakdown would be as indicated in Table 3.

Table 3. Ideal breakdown of P-3 Flight Hours.

rection from the Mission Director via 800 mHz
radio or satellite data link. There are approxi-
mately 20 EFM’s, about 200 MCLASS sondes,

and ~10 particle charge and size instruments
available for COPS-91. The use of MCLASS
sondes is dependent on the missions, however,
an ideal breakdown in sonde use is indicated in
Table 4.

Table 4. Ideal breakdown of MCLASS sonde use.

Flight Patterns for # of Flight
| _ flights Hours
Short Wave Structure 2 18
Profiler Evaluations 2 10
Dryline Morphology 3 24
Cold Frontal Circulations 2 14
MCS/Convective Storms 5 30

Total 14 96

The aircraft will be based at Will Rogers Airport
in Oklahoma City. There are approximately 50
Safesondes available for COPS-91.

5.2  Mobile Labs, MCLASS, EFMs, and g-d
Instruments

The mobile labs will be deployed to collect
both EFM and MCLASS data. Coordination
with the P-3 will be achieved through radio
contact with the P-3 Chief Scientist and by di-

Mission #0f sondes  Total
events event Sondes
Eonvective gtorms 5 1 3
Dryline Morphology 3 14o0r2d 52
Cold Frontal 2 12 24
Circulations
MCS 6 6 36
Forecast Evaluation 21 4 8
Total 199

53 T-28

The T-28 will be available for COPS-91 from
May 13 to June 12, 1991. The aircraft will be
based at Westheimer Airport in Noarman. Total
flight time available for COPS-91 is 30 hours.
The T-28 is constrained to fly during daylight
hours. A T-28 coordinator will be working in
the Operations Center to communicate and vec-
tor the aircraft to the proper storms for penetra-
tion.

54  NCARPAMs

Fifteen NCAR PAM stations have been allo-
cated to COPS-91. Some of these stations will be
deployed in a small mesonet array within the
southwest dual-Doppler lobe (Cimarron-
Norman Dopplers) to study frontal and dryline
circulations. The proposed layout of the PAMS
is shown in Fig. 2. The remaining stations will
be deployed in the dryline region to fill in the
gaps between the National Weather Service
(NWS) stations (SAO). A base station will also
be available to examine PAM data in real time.

55  Cimarron and Norman Dopplers

The ground-based NSSL radars will be con-
trolled by Coordinators who will select the
scanning strategies based on the weather phe-
nomena and the objective of the experiments, in
consultation with the Mission Director. Norman
Doppler will be used if OSF/Twin Lakes radars
are not operating routinely and recording data.
This radar will also be used if needed to support
NWS forecast and warning activities for severe
weather situations if OSF/Twin Lakes radars are
not available.
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6. Forecasting and Daily Operations
Schedule

The COPS-91 scientific operations base will
be the NSSL operations/control room. The fore-
casting team will make use of WSFO facilities
across the street from NSSL to prepare daily
forecasts and next-day outlooks. The COPS-91
forecasting support effort will operate 7 days a
week for the full operational period of the exper-
iment.

6.1  Nominal Daily Schedule

The following daily chronology provides a
working guide for how forecast support will op-
erate on a day-to-day basis assuming a late af-
ternoon or evening P-3 takeoff time (TO). The
schedule will be adjusted for earlier P-3 depar-
:ures. The typical daily schedule will be as fol-
ows:

08:00—noon CDT
The forecaster, augmented by the NWS
morning forecaster, will perform analyses
to forecast probability of occurrence of con-
vective development in the COPS region
(Oklahoma and Texas panhandle), and es-
timates of the location and speed and direc-
tion of movement of the dryline.

noon CDT
All interested staff and PIs meet to discuss
the outlook for convective development for
that day and to review the status of the var-
ious program elements. Based on this in-
formation the Project Director, a select sub-
set of PIs, Project Coordinators, the AOC
project manager, and the forecaster will de-
termine if the day should be considered GO
or NO-GO for T-28, mobile lab, and T-28
operations, and if it is a GO day, the obser-
vational strategies for the various instru-
ments and platforms will be determined.

At least 4 h prior to the tentative TO, the
Mission Director and Nowcaster arrives at NSSL
Ops Center and begins to monitor convective
development using conventional data (hourly
surface maps, soundings, etc.), dial up radar and
MCcIDAS satellite displays.

TO-31/2h
Key P-3 personnel are briefed by fore-
cast/operations team.

TO-3h

Program leaders make final GO or NO-GO
decision, or delay the TO.

TO-11/m
P-3 crew members go to the airport.

Following the departure of the P-3 from
Will Rogers, communication is established be-
tween aircraft and nowcaster/operations team;
continual updates of aircraft location, weather,
movement of convective system, development of
system, etc., are relayed between the operations
center and the P-3. Primary functions of the
nowcast/operations team are to monitor data
and relay information about storm location,
movement, and any significant changes in storm
structure.

6.2  Decision Responsibilities

Due to the large number of scientific objec-
tives and resulting competing observational
strategies of COPS-91, the decision making re-
sponsibilities will be more formally established
than in past NSSL projects. A small scientific
steering committee consisting of the Project
Director, a select subset of Pls representing the
main objectives of COPS (MCS electrification,
dryline, and fronts), the Facilities Coordinators
(P-3, NSSL facilities), the AOC project manager,
and the forecaster will meet following the noon
weather briefing and discuss project priorities
and observational strategies and the weather
forecast. The steering committee will consider
and make recommendations concerning;:

 Type of mission (dryline, MCS, fronts, etc.)
* Deployment times for NSSL1 and NSSL2.

¢ The location and timing of MCLASS and
EFM launches by NSSL1 and NSSL2.

¢ Crew assignments for the P-3, mobile labs,
Cimarron and Norman coordinators, and
operations center staff.

¢ Does Norman Doppler have to come up
early in support of NWS operations?

o T-28 takeoff time and observational strate- ')
gies.

The final decision about missions and deploy-
ment of facilities will be made by the Project
Director following the steering committee dis-
cussion and recommendations. Note that there
could be different strategies for afternoon con-
vective storms involving the T-28 and one mo-
bile lab and a late evening MCS involving the P-
3 and both mobile labs on the same day.
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