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1.

BACKGROUND

In spite of many years of intensive
investigation,
the explicit
forecasting of
thunderstorms on a work complex scale (5-10 km)
at the Kennedy Space Center (KSC) remains a
major operational challenge (Koch, 1988; National
ResearchCouncil, 1988,1992;Watson et al., 1991).
Previous phases in our group's ongoing research
on various aspects of Florida convection have
demonstrated that the larger scale, east and west
coastseabreezescan be forecasted using relatively
simple prognostic modeling techniques (Pielke,
1974: Lyons et al., 1992a; 1987). More recent
research has documented that even smaller
inhomogenieties in surface heating, such as those
induced by the islands and estuaries on which
KSC is located, frequently impact local weather
conditions (Lyons et al., 1992b). The so-called
Merritt Island Effect (MIE) causes distinct cloud
lines, rain showers and even Merritt Island
Thunderstorms (MIT) on a significant fraction of
~ summer days, the latter occurring on the order of
once per week. The MIT, which is separate and
distinct from the larger scale sea breeze
thunderstorms, is troublesome for KSC forecasters
since it often forms earlier than the main sea
breeze storm and, generally, directly over one or
more work complexes. Since it is often marginally
electrified, it represents a reoccurring decision
making problem for safety personnel in charge of
outdoor work (Nicholson et al., 1988).Falsealarms
due to uncertainties in the potential for lightning
strikes createsa significant loss of productivity at
KSC during the summer months. The local
island / estuary and the larger scale sea breezes
also create distinct problems in predicting
dispersion from accidental releases of toxic
chemicals (Lyons and Eastman, 1993).
A project approaching completion has
resulted in a workstation-based, prognostic
numerical model (RAMS) configured as part of an
operational,
on-line mesoscale dispersion

forecasting system (Lyons and Tremback 1993).
However, due to restrictions in workstationpower at the time of initial design, the Emergency
Response Dose Assessment System (ERDAS) is
relegated to predictions using a "dry" version of
the RAMS model. A new, multi-year effort is now
underway to use a fully configured version of
RAMS with an improved, explicit microphysics
code to directly predict the scales of convective
response to localized variations in surface sensible
and latent heat flux in the KSC region. This system
will use a newly parallelized version of RAMS and
will operate on a cluster of several workstations in

order to achieve the necessary throughput
required for operational forecasts. A graphical
user interface will simplify the system's use by

forecasters in the Cape Canaveral Forecast
Facility. .
2.

INITIAL PROGRESS

The new system will be called PROWESSthe Parallel RAMS 0 perational Weather
Simulation System. The project is scheduled to be
conducted over a 30 month period with an
operational prototype turn-key system (hardware
and software) to be delivered to the NASA
Applied Meteorology Unit (AMU) adjacent to the
Range Weather Office for on-site testing by the
end of 1995. Figure 1 is a general outline of the
major hardware, software and model evaluation
tasks that comprise the project.
At the heart of PROWESSis the Regional
Atmospheric Modeling System (RAMS) which has
been employed in numerous simulations of lake
and sea breezes, cloud systems, flows over
mountainous terrain, and regional weather
systems (Pielke et al., 1992; Nicholls et al., 1993,
1991; Lyons et al., 1993). RAMS is a nonhydrostatic, primitive
equation, prognostic
mesoscale modeling system which has evolved
from codes developed by Roger Pielke and
William Cotton, and which continues ongoing

development at Colorado State University. Any
number of vertical levels using sigma coordinates
can be selected, with a few dozen being typical.
The vertical levels telescope from the surface,
starting several meters above the ground. Surface
heat and moisture fluxes are computed as a
function of variable land use, albedo, roughness,
soil type, soil moisture and topography. Clouds
and precipitation can be included, using either
parameterizations or explicit microphysics. The
horizontal domain and the number and mesh
sizes of the nested grids are arbitrary. The
development of multiple nested, two-way
interactive grids permits large portions of the
domain to be covered at coarse resolution, with
finer mesh grids nested centered over the areas of
concern. RAMS can be initialized using as little as
a local rawinsonde, and/or may be nested within
hemispheric
model output.
If significant
horizontal and temporal atmospheric variability
exists, non-homogeneous initialization and fourdimensional data assimilation (4DDA) are
available
through
an isentropic
analysis
preprocessor(lSAN).
For PROWESS, four nested grids are
proposed. A 60 km mesh will cover the
southeastern U.S. Peninsular Florida will be
resolved using a 15 km mesh. Central Florida will
be resolved at 5 km Llx. The fourth nest, using a
1250 meter /lx, will cover an area of approximately
120 x 80 kilometers centered over KSC. This
innermost mesh is believed adequate to resolve
both the sea breeze and island/estuary
perturbations. More than 30 layers in the vertical
are anticipated. Vertical layers can also be nested,
allowing finer resolution of near surface processes
over the KSC region.
An improved cloud microphysics module
featuring substantially faster run times than prior
RAMS microphysics modules will be used. Other
efficiencies in the code have been implemented.
Even so, the large domain, the fine mesh sizes
(with consequently shorter time steps) and the
need to treat cloud processes result in substantial
computational requirements. Current testing
suggests that between 250 and 325 megaflops
(sustained) performance will be required to
produce a 24-hour forecast in six hours or less. By
comparison, the IBM RS/6000-550 on which the
ERDAS system has been installed is rated at
approximately 25 megaflops. As of this writing,
newer entries in the RS/6000 family can provide
about 38 megaflops per platform. Thus the
requirement for using a cluster of networked

workstations becomes evident. The parallelized
version of RAMS (version 3B) has been tested at
Colorado State University using as many as eight
platforms in a cluster of heterogeneous machines
with relatively little penalty due to overhead (over
80% of the total of the rated peCikthroughout was
achieved). Public domain Parallel Virtual Machine
(PVM) software was utilized in developing the
prototype system. Budgetary constraints dictate
that the initial developmental system will consist
of two platforms in the IBM RS/6000-370 class.
This will provide approximately 75 megaflops
performance, or enough to simulate forecasts in
approximate real-time. At the time of final
installation of PROWESS, additional processing
power will be added. It is likely that the ongoing
precipitous declines in price/performance ratios
for high performance workstations will allow the
additional platfonn to be acquired at substantially
lower costs than today.
PROWESSwill be initialized daily, taking
approximately six hours to produce a 24-hour
forecast. A RAMS forecast will always be resident
in the machine. The model can be initialized using
local profiler and mesonetwork data plus synoptic
observations and NMC grid point analyses and
forecasts. RAMS will utilize non-homogeneous
initialization
with non-stationary boundary
conditions. If MAPS or LAPS products become
available at 'KSC in the on-site MIDDS system,
these may also be used in model initialization.
Figure 2 summarizes the key components of the
ERDAS system.
RAMS output includes the state variables
(u,v, w wind components, potential temperature,
humidity, pressure, water and ice species mixing
ratios and turbulent kinetic energy) at each model
grid point and time step. In addition, a wide
variety of derived parameters include friction
velocity, surface heat flux, Monin-Obukov length,
mixing depth, divergence
and vorticity,
convective storm stability indices, and "synthetic
data" such as pseudo-satellite and radar displays,
and predictions of the output of sensor systems
such as Doppler sodar, tropospheric and
boundary
layer pro filers, and mesoscale
observations networks. Current plans call for a
primary PROWESS display product to replicate
the key features of the onsite NEXRAD display.
Output would include reflectivity, vertically
integrated liquid
water (VIL), cloud top
topography and (possibly) radial Doppler winds.
Each morning an animated forecast of sea breeze
and local area convective patterns that can be

expected during

the upcoming

day will

be 3.
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produced.
Visualization will be accomplished using
commercial software packages designed for the
workstation
environment.
Onboard, high
resolution graphics (1280x .1024pixel, 24 bit color)
and visualization software reduces tedious postprocessing of the large output files, which often
exceed a gigabyte in size. Animated, color, 3-D
visualizations and image manipulation features
dramatically increase the meteorologist's ability to
interact with and comprehend the model output,
which is inherently three-dimensional and time
dependent. NCAR graphics and commercial
packages such as AVS and savi3D (available from
SSESCO)are utilized by our group.
The already heavily-tasked forecasters at
the Range Weather Office serving the Kennedy
Space Center and the Cape Canaveral Air Force
Station will benefit from a streamlined and
straightforward Graphical User Interface (GUI)
facilitating their use of PROWESS. Often, only
minutes will be available to ingest and inspect
initializing data sets and to interpret the model's
outputs. By building upon the GUI developed for
the ERDAS system, a by then already familiar
routine will be enhanced so that only a small
number of "point and click" commands using a
windows-like interface will be sufficient to use
PROWESS.
Among the initial
steps in the
development of PROWESSwill be the creation of
a formal System Design Document providing in
detail the outline of the system. This will allow all
interested parties, and especially the end users, to
address their concerns and interests as an integral
part of the system development. The model's
performance will be extensively evaluated using
data collected during the 1991 Convection and
Precipitation/ Electrification (CaPE)field research
program (Foote, 1991). A detailed Model
Evaluation Protocol will be developed to guide a
rigorous and formalized processes aimed at
quantifying the strengths and limitations of
PROWESS.Various statistical and graphical tools
developed to evaluate RAMS model performance
for the Lake Michigan Ozone Study will be
utilized (Koerber et al., 1991; Tesche, 1991).
Additional measures will be developed to assess
the skill of the model's precipitation predictions.
The validating data sets will be based in large part
upon digital radar product maps routinely
archived at KSC.
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