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1. INTRODUCTION

This document describes the motivation, scientific objectives, and preliminary exper-
imental design of a field project called the Convection and Precipitation/Electrification
(CaPE) experiment planned to take place in central Florida during the summer of 1991.
The CaPE experiment is designed to focus on four objectives that have been the basis of

extensive research activity in recent years. They can be broadly defined as follows:

Theme 1. Identification of the relationships among the co-evolving wind, water,
and electric fields within convective clouds.
Theme 2. Development of mesoscale numerical forecasts (2-12 hr) of wind,

clouds, and thunderstorms, employing data assimilation.

Theme 3. Improving techniques for performing short-period forecasts (nowcasts,

< 2 hr) of convection initiation, downbursts, and tornadoes.

Theme 4. The characterization of precipitation particles and remote estimation

of rainfall.

The first theme has the goal of understanding the aspects of precipitation growth and
charge transfer leading to cloud electrification and lightning production. The topic is of
great practical as well as scientific interest. Lightning, for example, is the number one
hazard to space launches, and stringent launch criteria are currently employed by NASA
to minimize electrical hazard. The proposed research would represent one of the first
attempts to combine multi-Doppler wind fields, microphysical retrievals using a multipa-
rameter radar, and detailed microphysical and electrical measurements to study lightning

phenomena.

The second theme involves the use of a mesoscale model to develop the capability of 2-
12 hr forecasts over central Florida. This requires refinements and testing of model physics
(e.g., precipitation parameterizations, surface energy budget model, cumulus parameteri-
zation schemes) and development and testing of algorithms for assimilating multiple data

sources such as satellite and radars as well as rawinsonde and surface mesonet data.
The third theme is composed of two parts:
a) Predicting where and when convection will develop and subsequently decay;

b) Once convection begins, whether it has the potential to produce damaging winds,
lightning, and heavy rainfall.



With regard to part (a), it is interesting that although meteorologists are capable
of producing good forecasts for the 12-48 hr period of the potential of convection over
large areas (e.g., forecasts issued by the National Severe Storms Forecast Center in Kansas
City), the desired ability to make accurate mesoscale and site-specific forecasts over cor-

respondingly shorter lead times has not been achieved.

Part (b) of this objective is related to the research of Theme 1 and involves gaining a

better understanding of convective storm processes.

The fourth theme is one of great practical importance, that of determining quantita-
tive precipitation totals., Current multiparameter radar techniques have shown promise in
revealing microphysical characteristics within clouds that previously could only be deter-
mined by aircraft penetrations, and that need to be known to reduce the uncertainty in

rainfall estimation using radar reflectivity factor alone.

Given these objectives, an important question arises: Why have the experiment in
central Florida? Central Florida is an ideal location for the CaPE experiment for several

reasons:

e The central Florida area has the highest annual number of days with thunder-
storms in the United States (Court and Griffiths, 1986) almost assuring a large

number of case studies.

e The regularity of the boundary layer forcing by sea breeze fronts leading to con-
vection and considerable electrical activity makes it difficult to identify a better
geographic area to address themes 1, 2, and 3.

e As discussed later in Section 3, other field programs will be operating in central
Florida. One of the programs will be at Orlando in support of the FAA mission
to warn major airports of weather events which will affect aircraft operations.
Another is an ongoing effort by NASA to provide improved meteorological support
for space vehicle launches at the Kennedy Space Center (KSC). The proposed
CaPE network will significantly enhance existing mesonets associated with these

programs, thus benefiting all participants.

e The Melbourne, Florida office of the National Weather Service will receive one of
the first NEXRAD radars, and is enthusiastic about working with the scientific

community on nowcasting problems as part of the NWS modernization effort.

The success of the CaPE experiment depends on multi-agency interest and support.
Complementary programs by the FAA, NWS and KSC have already been mentioned.
Another important research effort by NASA is the Tropical Rainfall Measuring Mission
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(TRMM) (Simpson et al., 1988). This proposed satellite program will require testing of
rain retrieval algorithms. The deployment of the ('P-2 multiparameter radar during the

CaPE experiment will play a major role in establishing validation measurements.

In order to improve short-term forecasts in support of spacecraft operations, NASA
has implemented a fairly extensive mesonetwork surrounding the KSC (both conventional
measurements and electric field measurements). The augmented surface network and state-
of-the-art radars proposed for the CaPE experiment will provide a unique opportunity for
both KSC personnel and the NWS Melbourne meteorologists to participate in nowcasting
experiments, and for other project scientists to understand better the operational forecast
problems. This arrangement should partially satisfy some of the recommendations made
by the National Research Council (NRC, 1988) in regards to meteorological support for
Space Shuttle operations.

The FAA has an interest in the nowcasting of thunderstorms and windshifts as it
impacts terminal and en route operations. The CaPE experiment will aid this effort by
testing nowcasting techniques previously developed for other locations (Dodge et al., 1986;
Wilson et al., 1988).

The Air Force plans to operate a three-dimensional interferometric lightning imag-
ing system being developed in France by the Office National d’Etudes et de Recherches
Aerospatiales (ONERA) over the Cape Canaveral area. In addition, the Air Force Office of
Scientific Research has approved a research initiative in atmospheric electricity beginning
in fiscal 1991, with the primary objective of understanding the process of charge generation

in clouds.

The National Science Foundation has an interest in the basic research objectives sum-
marized above and expanded upon in the following section. With the combined support of
the NSF, Air Force, FAA, NASA, and NWS, the CaPE experiment can be accomplished
at a reasonable expenditure level for each agency.

2. RESEARCH OBJECTIVES
2.1 Electrification

Evidence from both laboratory and field studies strongly suggests that the non-

inductiv«a@ process may be the primary mechanism of cloud electrification.
Taboratory studies (e.g., Jayaratne et al., 1983) show that charges up to 100 femto-
Coulombs can be transferred when an ice crystal collides with a simulated graupel that is
undergoing riming when supercooled liquid water is present. When supercooled water is

not present, the charge transfer per ice-ice collision is more than two orders of magnitude
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less. In the cold-base clouds of New Mexico and the high plains, Dye et al. (1985) and
Dye et al. (1989) found that precipitation development preceded electrification by tens of
minutes, and that ice particle concentrations of 10 to 100 per liter, millimetric graupel, and
supercooled water coexisted at mid-levels in the cloud at the onset of electrical intensifica-
tion. In these geographical regions, precipitation formation is dominated by the ice process.
In Florida and in other parts of the southeastern U.S. where cloud bases are much warimer,
precipitation can form via coalescence before the freezing level is reached. Goodman et al.
(1989) used multiparameter radar to investigate warm-base clouds in Alabama, and found
that lightning first occurred only after ice (probably graupel) was detected. There was
no evidence of lightning until ice appeared, even though reflectivities in excess of 60 dBZ
existed from large water drops. Although the association between the appearance of ice
and the onset of electrification was strong, there were no in-situ measurements that could
have established more definitively the microphysical characteristics of the clouds, nor were
there coordinated measurements of electric field to determine the relationship between the

region containing ice and regions of charge within the cloud.

In Florida, which has the highest annual lightning flash rate in the U.S., previous
programs have investigated separately (e.g., FACE and TRIP) either the microphysical
or electrical properties of clouds, but coordinated microphysical, electrical, and air-motion
measurements have not been made. The laboratory and field measurements suggest that if
the non-inductive process is correct, the most important regions for microphysical charge
separation are those in which graupel, many ice particles, and supercooled water coexist.
Updrafts are also necessary to provide a continuing supply of liquid water and to provide
the time and framework necessary for graupel growth and macroscale gravitational charge
separation. Current technology planned for CaPE provides the following capabilities: (1)
111ulti1)a,ra111et_‘gx_"_a;pc1 Doppler radars to infer large-scale microphysical characteristics and
three-dimensional air motions; (2)%irborne in-situ measurements to identify the detailed
microphysical and electrical structure in the limited volume sampled by the aircraft, and
to substantiate microphysical conditions inferred from the radar measurements; (3 3dur-

face, balloon, and rocket measurements of electric field to determine the structure and

evolution of the electric field; and (4)“interferometer and electric field change networks

to determine the occurrence and characteristics of the electrical discharges. While these
components individually could contribute to our understanding of electrification in the
Florida area, if we are to determine the locations within a cloud that has become electri-
fied and the microphysical and dynamic conditions in that region, it is essential to tie the
electrical measurements to the microphysical (both airborne and radar) measurements and
air-motion measurements. The CaPE program, in conjunction with the ongoing electrical
measurements at KSC, will bring together a more complete complement of measurements

than has previously been assembled and should provide substantial new insight into the
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mechanisms of cloud electrification.

In addition to the surface network of electrical field mills at Kennedy Space Center,
there are two ongoing studies underway that will be very beneficial to the CaPE effort;
the Rocket Triggered Lightning Program (RTLP) and the Airborne Field Mill Project
(ABFM). The main objective of the RTLP is to determine the meteorological conditions
necessary and/or sufficient to initiate and propagate a triggered lightning discharge. The
CaPE program should be immensely helpful in this effort. The French interferometer is
part of the RTLP and the identification of lightning sources and channels will be very
helpful to the electrification studies of CaPE. Likewise the interaction with the ABFM
program (that has as its main ob jective, obtaining in-situ electric field measurements in a
variety of cloud types to determine a climatology of clouds in which marginal electrification
might be sufficient to trigger lightning artificially) and the CaPE electrical effort will be
mutually beneficial and important. CaPE can provide microphysical measurements that
are lacking in the ABFM, and the ABFM with the NASA/Langley Lear jet will help
identify the electrical structure in the upper parts of clouds. Other efforts that will be
important for the electrical studies are the lightning location networks and the surface
electric field network. Other efforts that may be funded by the Air Force initiative include
a new technique for determining lightning channels and structure from field changes, VHF
information by the University of Florida, and balloon-borne electric field measurements by
the University of Mississippi and NSSL.

2.2 4-D Data Assimilation and Mesoscale Forecasting

One of the major problems in mesoscale forecasting is that of obtaining sufficient input
data on the mesoscale to produce realistic initial conditions for the forecast model. This
is particularly true of a tropical or semi-tropical region such as central Florida where deep
cumulus convection is the predominant weather type. On undisturbed days the sea breeze
circulation is the main factor in generating deep convection. Under such conditions the
experience is that mesoscale prediction of sea-breeze generated convection is reasonably
straightforward as long as the model has sufficient resolution and can simulate the complex
surface energy budget of swamp and land regions over the peninsula.

The problem is that with the limited number of standard NWS soundings over the
Florida peninsula, weak oceanic synoptic and mesoscale disturbances can move into the
region without being detected in the initial data input into the model. Therefore, a reliable,
general purpose mesoscale model must have the capability of ingesting mesoscale data from

a variety of sources such as satellite, Doppler radar, wind profilers, and conventional data.

The proposed experiment is an excellent opportunity to gain experience in assimilating
multiple data sources in the Regional Atmospheric Modeling System (RAMS) developed
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at Colorado State University (Tripoli and Cotton, 1989) in an environment dominated
by convective weather systems. The radar network will provide an excellent opportunity
for determining storm winds and precipitation structure. The wind data can be directly
inserted into the model, while the precipitation data can be used to infer latent heating
rates which can then be ingested in the model. The previous CSU experience of assimilating
wind-only data has demonstrated that it is necessary to infer somehow the thermal field
along with the wind field; otherwise the assimilated winds are readily rejected by the model.
Thus, the possible inference of cloud heating rates from a multiparameter radar along with
other thermodynamic data from satellite and soundings is essential to the improvement of

mesoscale forecasting.

-

The RAMS model will be configured to provide an optimum representation of the
central Florida region. This will include multiple-nested fine-scale grids with detailed pa-
rameterizations of surface characteristics. The model will be used to simulate the observed
convergence patterns and subsequent boundary layer deformations leading to the initiation
of deep convection. In so doing, and as a second objective, the capabilities of the model
as a practical regional operational forecasting system in the 2-12 hr time frame will be
assessed (and, il necessary, possible further requirements will be considered). The latter
objective is a continuation of the operational experiments performed at the KSC during

1987 (Lyons et al., 1987).

The region of the Kennedy Space Genter is an ideal test site as the terrain is rather
simple and for the most part the weather is relatively simple as well (i.e., synoptic-scale
baroclinic disturbance are relatively infrequent). As mentioned previously the major dif-
ficulty is that weather disturbance over the ocean are poorly resolved. The focus of the
proposed research is to minimize this problem. The testable hypothesis is that initializing
a mesoscale model with data from platforms such as Doppler radars, a polarimetric radar,
and wind profilers, will make cumulus convection predictable. This hypothesis can be ex-
amined by running the CSU RAMS in near real time and comparing the results with the

data collected on actual convective events.
2.3 Short-Term Forecasts
2.3.1 Convection initiation

Exciting advances have occurred in the last few years regarding the ability to make
time and space specific:

1) 2-12 hr sea breeze thunderstorm initiation forecasts (Lyons et al., 1987);
2) 0-2 hr forecasts of convective storm initiation (Wilson and Schreiber, 1986);

3) 0-60 minute forecasts of lightning and wind shifts (Watson et al., 1987).



The advances represented in the work of Wilson and Schreiber can be attributed in large
measure to the ability of sensitive Doppler radar to monitor convergence lines in the opti-
cally clear boundary layer. The great majority of work of this type has taken place in the
High Plains of eastern Colorado and has resulted in the operational testing of nowcasting
activities (including microburst and tornado prediction) for the aviation system at Den-
ver’s Stapleton Airport and the general public. Forecasters from NCAR, NOAA/PROFS
and the Denver NWS have participated in these experiments. Fig. 1 shows the results
of probability forecasts for >30 dBZ storms occurring within a 10 kmn radius circle cen-
tered on Stapleton Airport. The results are from a nowcasting experiment conducted by
NCAR during the summer of 1988 (Mueller and Wilson, 1989). These forecasts inclnde
the processes of storm advection and initiation, and outperform those based on either

extrapolation or persistence.

There is a strong scientific and operational forecasting desire to test this technology
in other climatic areas. Satellite (Purdom, 1982), mesonet (Watson et al., 1987) and
modeling (Pielke, 1974) studies indicate that convective storms in Florida are initiated by
sea-breeze fronts and gust fronts. The use of Doppler radar to monitor these convergence
lines should improve the nowcasting of thunderstormns and tornadoes as demonstrated in
Colorado. Investigation of the evolving boundary layer structure and its influence on the
development of convective storms was one of the goals of the Convection Initiation and
Downburst Experiment (CINDE) conducted near Denver, Colorado in 1987 (Wilson et al.,
1988). It is proposed now that the CINDE work be extended to the humid, near-tropical
environment of central Florida. The underlying hypothesis is that, under weak synoptic
forcing, boundary-layer convergence zones and their interaction with horizontal couvective
rolls determine when and where convection will initiate. In particular, even though the
atmosphere may be convectively unstable, storms will not form in the absence of these
boundaries. Testing this hypothesis will require (1) sensitive Doppler radars that can
detect clear-air motions, (2) thermodynamic soundings from fixed and mobile platforms,
and (3) aircraft measurements in the boundary layer. Listed below are specific proposed

studies:

a. Investigate the origin of boundary layer convergence lines that lead to the de-
velopment of thunderstorms. These lines include river and sea breeze fronts,
thunderstorm outflows, horizontal convective rolls, synoptic fronts, gravity waves,

topography and vegetation-generated thermodynamic contrasts.

b. Investigate the horizontal and vertical structure of the convergence lines and
the effect of this structure on storm development. In particular, details of the
airflow in the vicinity of the convergence lines, the thermal contrast across the

convergence lines, and the depth of the convergence zone in relation to storm
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development will be studied. It is desired to test the hypothesis of Rotunno et al.
(1988) that the ambient low-level vertical wind shear is an important factor in
determining if new convection will be initiated along a convergence line. Based
on experience in CINDE, two King Air aircraft will be necessary to determine

the structure of the convergence lines with sufficient space and time resolution.

c. Investigate the role of horizontal convective rolls, interacting convergence lines
and the interaction of both horizontal rolls and convergence lines on precise lo-

cation and initiation of storms.

d. Study the factors controlling storm evolution and investigate means to predict
intensity changes. Previous work has concentrated primarily on forecasting storm
initiation and it is apparent that considerable improvement in forecasting storm

evolution, including dissipation, is required.

e. Conduct a joint experiment with NCAR, NASA/AF and NWS on short period
(0-1 hr) forecasting of thunderstorm occurrence. This experiment would be con-
ducted at the KSC forecast office.

The latter experiment would be patterned after similar nowcasting projects carried
out in Denver for aviation weather (Mueller and Wilson, 1989). Operational forecasters
from both the National Weather Service at Melbourne and Air Force forecasters from KSC
would participate in the experiment along with NCAR research scientists. It is also planned
to integrate NOAA personnel who have been developing operational lightning forecasts at
KSC (Watson et al., 1987). The approach of mixing research and operational forecasters in
the same experiment has previously proved very beneficial to both groups in experiments
in Colorado; it is one of the important objectives of STORM-Central and the Center for
Operational Meteorology, Education, and Training (COMET). With the planned deploy-
ment of the NEXRAD radar (Milner, 1986) in Melbourne, Florida by December 1990, an
exciting opportunity for intercomparisons with the NCAR research radars is also possible.
Critical in this study will be evaluation of the algorithms that are being implemented on

the new operational radars and their ability to detect boundary layer convergence lines.
2.3.2 Downbursts

Knowledge about downburst/microburst phenomena associated with cold-based
clouds where ice processes dominate was advanced considerably by the JAWS Project
(McCarthy et al., 1982) and CINDE, particularly the low reflectivity or virga microburst
(Wakimoto, 1985). However, the high reflectivity microburst more typical of humid regions
requires additional research.

The MIST Project (Dodge et al., 1986) operated in the summer of 1986 in Alabama,
and was an important step in improving our understanding of this type of microburst.
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However, only one case was thoroughly documented (Wakimoto and Bringi, 1988). Anal-
yses at two times for this case, the 20 July storm, are shown in Fig. 2. The study revealed
several aspects of the forcing of the downdraft. Initially, the descent of the main precipita-
tion core decelerated the strong updraft. This observation is consistent with the suggestion
that the descending core signals the beginning stages of the downdraft (Roberts and Wil-
son, 1989). Once the precipitation core descended several kilometers and passed through
cloud base into the dry adiabatic sub-cloud layer, negative vertical velocities developed.
The precipitation core was no longer co-located with the developing downdraft owing to
the increased role of evaporative cooling. This can be seen in Fig. 2, as the downdraft
center is not co-located with the highest reﬂectivity below cloud base at 1325 CST.

The dynamic and microphysical factors that differentiate microburst from non-
microburst producing storms are not known and require further study. From the analysis
shown in Fig. 2, it might seem surprising that the majority of storms do not produce
microbursts, since the visual evolution shown in Fig. 2 is common to many storms not
producing strong wind shear events. Interestingly, Fujita (personal communication) has
determined, based on a search of all anemometer data in Florida during the Thunderstorm

project, that no microburst was recorded in the dense mesonet of that experiment.

In recent years, there have been several numerical modeling efforts that have hypoth-
esized that the amount and, most importantly, the type of precipitation will determine
the convective downdraft and outflow intensity, given the same environment (Srivastava,
1985, 1987; Knupp, 1989; Proctor, 1989). It is proposed to test that hypothesis with high
resolution multi-Doppler analyses combined with multiparameter radar data and in-situ
aircraft measurements. The high occurrence of thunderstorms over Florida should pro-
vide a reasonable number of case studies (see Sec. 4 for a short discussion of the storm
climatology).

In addition, the details of the microphysical processes in microburst and non-
microburst storms are still poorly understood. Using a 1-D 1nodel, Srivastava (1987)
has shown the importance of the inclusion of melting in driving the low-level downdraft.
However, equally important is the latent heat released by freezing, invigorating the updraft
and hence, altering the storm structure and eventual precipitation core that forms. The

CP-2 radar is expected to play a large role in studying this problem.
2.8.9 Tornadogenesis

Observational studies based predominantly in Oklahoma have led to an improved
understanding of the rotating thunderstorm known as the supercell. These storms are
associated with the most intense tornadoes. However, the recent work of Wakimoto and

Wilson (1989) has led to a greater awareness of tornadoes not spawned by supercells. The
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schematic model of Wakimoto and Wilson is shown in Fig. 3. In the beginning stage,
the horizontal shear across the convergence houndary has resulted in low-level shearing
instabilities labeled A, B, and C. At the same time, cumulus clouds have formed over the
boundary owing to the forced uplift. The clouds continue to develop as the small vortices
propagate along the boundary in the middle stages. In the final stage, vortex C has co-
located with the updraft of a towering cumulus and developed into a tornado under the
influence of vortex stretching. Recently, Crook et al. (1989) have proposed that these
small scale vortices may not be shear instabilities but develop as a result of the interaction

of boundary layer horizontal convective rolls with the convergence boundary.

These non-supercell tornado studies were based entirely in Colorado and the applica-
tion of the resulting concepts to other geographic areas needs to be determined. Interest-
ingly, Fig. 4 shows that the frequency of tornadoes at Orlando exceeds that at Oklahoma
City. It is hypothesized that these weaker tornadoes (and waterspouts) are not spawned
from supercells, which are not common in the region, but rather form via the mechanism
shown in Fig. 3. This hypothesis can be tested in an experiment in central Florida by
collecting high resolution dual-Doppler data at low levels combined with the surface and
upper-level thermodynamic data. In addition, the mechanism proposed by Crook et al.
can be examined with the data listed above plus detailed aircraft mapping of the bound-
ary layer. If the above hypotheses are correct then it will be of some interest to develop
algorithms to identify these low-level vortices, and the early deployment of the NEXRAD
radar at Melbourne, Florida (scheduled to be the second to come on line) will be of great
value.

2.4 Microphysics of Warm-Based Storms and Rainfall Estimation
2.4.1 Large raindrops in first echoes

It has only been in the last few years that multiparameter radar techniques have been
used to understand the microphysical evolution in warm-based convective clouds (e.g.,
Illingsworth, 1988; Wakimoto and Bringi, 1988) such as those that occur over central
Florida. One important observation has been the unusually high values of differential
reflectivity (Zpgr) that have been detected within storms in their early echoing stage (10-
30 dBZ). The Zpg technique, which is summarized in Fig. 5, sends pulses at two different
polarizations (horizontal and vertical) to determine the shape and precipitation type within

storms.

These large Zpgr values in early echoes have been interpreted as regions of large
(> 4 mm) raindrops at very low concentrations (<l m™3) (Caylor and Illingsworth, 1987).
Combining multiparameter measurements with aircraft penetrations will not only con-

firm this observation but also determine the evolution of the raindrop size distribution in
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Fig. 3 A schematic model of the evolution of the non-supercell tornado. The black line rep-
resents the convergence boundary. A, B, and C denote the locations of the low-level
shear vortices.

TORNAOO Touchdown Count PER 10.000 SQ XM
ORLANDO, FL OKLAHOMA CITY, OK

Fig. 4 Tornado touchdown count for Orlando, Florida and Oklahoma City, Oklahoma. The
thin black line represents the total number of tornadoes (F0 - F'5) and the thick black
line represents the stronger ones (F2- F5). Based on calculations from Fujita.







