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The ability to deliver airdrop cargo loads precisely is vitally important to U.S. military operations. A critical
factor affecting airdrop precision is the state of the atmosphere (winds and air density) throughwhich the parachute
descends. Instruments such as weather balloons and, more recently, “dropsondes” (parachute-borne devices that
measure the windsnear the cargo drops), provide detailed meteorological informationfor determining the required
parachute release point.However, it mightnot be feasible to obtain atmospheric soundingsusing these instruments,
either close enough to the intended target or during the time frame of the airdrop operations. In these cases, the use
of a high-resolution meteorological computer model becomes extremely desirable. Such a model can predict the
necessary atmospheric parameters at the location and time of interest. The evaluation of one such computer model
in its application to airdrop operations is addressed. Model output is statistically evaluated against balloon and
dropsonde soundings and also is incorporated into an airdrop simulator for comparison against actual parachute
trajectories. Model comparisons against the in situ measurements showed very close correlation. Inputting the
model predictions to the parachute simulator yielded less accurate, but still promising, results for the single case
study that was available.

Introduction

T HE current military methodology to determine a computed
aerial release point (CARP) for an aerodynamic decelerator

(parachute) incorporateswinds measured by a radio wind sounding
observation (RAOB) (a weather balloon) and assumes a constant
parachute fall rate. Thus, the estimated displacementof a parachute
by the wind in each discrete layer is just the west-to-east and north-
to-south component wind speeds multiplied by the assumed dwell
time in that layer. The individual layer displacements are summed
to obtain the total estimated wind drift. The CARP then is found
simply by offsetting a distance upwind that is equal to the total
wind drift. For precision aerial delivery (PAD) operations to truly
be precise (where the parachute impact would be as little as 50 ft
from the intended target), this method of CARP determination can
often be inadequate. Numerous decelerator aerodynamic factors,
the initial velocity vector induced by the release aircraft, increasing
atmosphericdensity as the parachutedescends,and even vertical air
currents, can all affect the impact point.

The New World Vistas (NWV) program is a basic research ef-
fort exploring methods to improve the airdrop delivery accuracy
of supplies and equipment during military operations. In part,
the NWV program involves the development of a CARP simu-
lator called the Precision Airdrop Planning Software (PAPS) and
a wind/atmospheric density predictor called the Wind-pro� le Pre-
cision Air Delivery System (WindPADS).1 The PAPS is a laptop
computer-based software system that calculates a CARP onboard
the C-130 carrier aircraft while enroute to the drop zone (DZ). The
PAPS requires the most accurate and up-to-date wind/density val-
ues possible along the parachute descent trajectory, to determine
the CARP properly. The WindPADS (hosted on a separate laptop
computer) addresses this need by receiving input from a meteoro-
logical forecast model called MM5 (Ref. 2). The MM5 is termed a
mesoscale forecast model in that it predicts atmospheric phenom-
ena as small as 1–12 miles across (depending on the actual grid
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spacing used), including such phenomena as the effect of terrain
on the wind � ow. It runs on an SGI workstation,making 24 hourly
predictions of various meteorological parameters at points within
a three-dimensional grid. The hourly three-dimensional grids are
transferred to the WindPADS laptop computer (via a local area
net) that is then taken onboard the carrier aircraft. Conceptually,
the three-dimensionalgrids would subsequentlybe updated as new
meteorologicaldata becomeavailable.(The updatesare actually ad-
justments to the three-dimensionalgrids that are accomplished via
a sophisticated meteorological data assimilation routine, similar to
thatbeingincorporatedby themajormeteorologicalpredictionmod-
els utilizedby the NationalWeather Service.)These new data might
include a RAOB or an observation from a similar, parachute-borne
device called a “dropsonde.”3 Dropsondeand RAOB data would be
transmitted by radio link to the WindPADS and automatically as-
similated.The operator while en route to the initial DZ transfers the
updated three-dimensionalgrid into the PAPS laptop computer, and
a revised CARP prediction is generated. A preliminary test series
of the NWV system was conductedat the U.S. Army Yuma Proving
Ground (YPG), Arizona, during the summer of 2001.

The NWV program’s method of meteorological data acquisition
and application to PAD operations is but one approach. One possi-
ble limitation of the NWV method is that the MM5 currently used
can only be run twice per day, due to model initialization,computer
platform, and run-time constraints. This limitation means that the
three-dimensionalforecast grid that is input to the PAPS could be a
12-h forecast (or longer). In tactical battle� eld situations, it is desir-
able to utilizea mesoscalemodel that couldbe run moreoftenas data
become available, subsequently inputting more up-to-date predic-
tions (3–6-h forecast three-dimensionalgrids) to a CARP predictor
such as PAPS.

This study employeda differentmesoscalemeteorologicalmodel
called the battlescale forecast model (BFM)4 during the NWV test
series at YPG. The term battlescale refers to a square on the order
of 120–300 miles on a side that would encompass a typical battle-
� eld or PAD operations area. [The BFM is currently � elded in a
battle� eld intelligence system called the Integrated Meteorological
System (IMETS), housed in a Humvee-mounted shelter, where an
Air Force Staff Weather Of� cer uses it for general forecasting and
decision guidance purposes.] The BFM is similar to the MM5 in
many respects, in terms of the dimensions of its grid size and the
types of meteorologicalparameters it predicts. However, unlike the
MM5 and most other mesoscale forecastmodels, the BFM incorpo-
rates an implicit time-integrationmethod that decreases its run time

49



50 JAMESON, LUCES, AND KIRBY

andplatformrequirementssigni� cantly (approximately30 min for a
complete6-h forecast run, as opposed to severalhours being needed
for othermesoscalemodels),allowing it to run on either a desktopor
laptop computer. An added advantageof the shorter run time is that
new atmosphericsoundingdata can be readily incorporatedfor fresh
model runs. This model has its roots in a model of the atmospheric
boundary layer, and it is thought to be able to predict low-level
winds very well. A potential drawback of the BFM is that it cannot
incorporatesome typesofmeteorologicaldata, for example,satellite
imagery, and it is not considered to be as sophisticated a model as
the MM5 becauseof simplifyingassumptionsabout the structureof
the atmosphere.Consequently,one of the goals of this research was
to determine whether the BFM’s accuracy was adversely affected
by these limitations.

Mesoscale forecast models have only become available for use
in general public weather forecasting applications at major mete-
orological forecasting centers during the past several years. The
employment of a mesoscalemodel in a tacticalmilitary setting (dis-
tant from major meteorological forecast centers) is somewhat in its
infancy (at this point just the use of the BFM in the IMETS), due
to computational,communications,and data acquisitionconstraints
that are inherent on the battle� eld. The development of the NWV
WindPADS concept was a signi� cant stride toward the use of a
new kind of meteorologicaldata (model predicted instead of RAOB
measured) for a military airdrop operation. The use of the BFM
during the NWV testing was another important step in the modeling
development process, in which a mesoscale model was run in the
� eld and its data applied in near-real time to a CARP simulation.
(However, the BFM output was not formally utilized as a part of
the NWV testing.) As computer processing speeds increase, more
sophisticated models such as the MM5 may eventually be run on
site in a similar fashion.

The study involved three generalareas of research:1) running the
BFM for some earlier YPG airdrop test days and comparing the re-
sults to RAOB and dropsondedata, 2) applying the BFM output in a
separate CARP simulator (i.e., not the NWV PAPS) that was devel-
oped in house by the YPG test community [a MATLAB® /Simulink-
basedmodel (MS-CARP)], and 3) participatingin the summer, 2001
NWV � ight demonstrations at YPG of a partially guided deceler-
ator called the Affordable Guided Airdrop System (AGAS).5 The
AGAS onboard guidance system employs gas-powered pneumatic
arms to steer the parachute autonomously toward a predetermined
optimaldescent trajectory.Althoughthe AGAS possessesa steering
capability, accurate meteorologicaldata in the airdrop area are still
critical for a correct reference descent trajectory to be established.

BFM
The BFM version used in this work is part of the Computer-

Assisted Artillery Meteorology (CAAM-BFM) project.6 The
CAAM-BFM comprises three modules: preprocessing, the actual
predictivemodel, and postprocessing.The preprocessingor initial-
ization module consists of input � le handling routines and a three-
dimensional objective analysis (3DOBJ) routine that captures all
recent localand large-scalemeteorologicaldata availableat the fore-
cast time and thatproducesthe initial� elds requiredto start the fore-
cast module. BFM initializationdata used for the NWV-PAD cases
consisted of forecast � elds from the Navy Operational Global At-

Fig. 1 BFM data interpolation.

mosphericPredictionSystem(NOGAPS) 1± latitude/longitudehori-
zontalgrids that are availableat the standardmeteorologicalpressure
levels up to about 100,000 ft (10 mbars) (Ref. 7). (Such � elds are
required for any mesoscale model to help account for larger-scale
atmospheric changes at the desired forecast hour.) Additional ini-
tializationdata came from standardregionalRAOBs launched twice
each day at several locationsacross the southwesternUnited States.
The last source of initialization data was a local RAOB launched
near the target area 1.5–6 h before each airdrop. The BFM (as for
any mesoscale model) is known to produce more accurate forecasts
when initializedwith a local RAOB. All initial data are interpolated
to 55 � at levels by the 3DOBJ, and an analysis is performed to pro-
duce data at each horizontal grid point at each level. Finally, the
� at levels are linearly interpolated in the vertical to the 32 terrain-
following levels required by the forecast module. The interpolation
to terrain-followinglevels requiresa terrain database. In most cases,
a worldwide military terrain database called the Digital Terrain
Elevation Database is used by the BFM, as was the case for the
YPG testing analyses.

The forecast module used as part of the BFM package is
Yamada’s higher-order turbulence model for atmospheric circula-
tions (HOTMAC).8 This module accepts the 3DOBJ output and
conducts the actual predictiveprocess.To produce the true 0-h wind
� elds in a dynamically adjusted fashion, a 3-h model spin-up inte-
gration is performed. During the spin-up, model surface tempera-
tures can also be nudged to recorded surface observations from the
surrounding area that are valid at the initial model time. HOTMAC
also includes physical parameterizationsfor turbulent mixing, both
long- and short-wave radiative transfer, the surface energy budget,
and cloud and precipitation formation. During the HOTMAC run,
forecast output is produced by solving the atmospheric predictive
equations in a hydrostatic formulation along with nudging of the
parameters toward the larger-scale NOGAPS solutions.

The third BFM module consists of postprocessingof HOTMAC
output to produce forecasts of � ve standard variables: tempera-
ture, wind speed, wind direction, moisture, and height or pressure
at each level output at a 3-mile horizontal grid resolution across
approximately a 120 £ 120 mile domain centered near the YPG
Sidewinder target area (at approximately32.9±N latitude, 114.4±W
longitude).

A follow-on postprocessing routine was developed speci� cally
for the NWV testing. This routine, called PARADROP, reformat-
ted the three-dimensionalBFM output grid appropriatelyfor ingest
into MS-CARP. PARADROP also interpolated the data from the
three-dimensional grid points to a slant-path atmospheric sound-
ing, such as is produced by a dropsonde (Fig. 1). The interpolation
was a three-step process: 1) data (wind, temperature, and mois-
ture) were interpolated (both horizontally and vertically) from the
surrounding grid points to a vertical line directly above the target
location,at 100-ft height incrementsfrom the surfaceup to 25,000 ft
above ground level; 2) the wind direction and speed at each 100-ft
increment in this vertical sounding were then used to estimate a
slant-path parachute trajectory, assuming a 28-fps vertical descent
rate (standard descent rate of the AGAS G-12 parachute used dur-
ing the NWV testing at YPG); and 3) the data were interpolated
from the surroundinggrid points to the estimated slant-pathdescent
trajectory.



JAMESON, LUCES, AND KIRBY 51

Fig. 2 MS-CARP three-dimensional output.

MS-CARP
The MS-CARP predictor incorporates the AGAS G-12

parachute’s coef� cient of drag, drop point altitude, and a
meteorological � le containing wind component speeds (feet per
second) and atmospheric density values (slugs per cubic foot). It
then solves the equations of motion to predict the parachute’s de-
scent trajectory (Fig. 2). The MS-CARP also provides a numerical
output that indicates the distance the parachute drifted along the
x and y axes (correspondingto the U or west–east and V or south–
north wind components,respectively)during the simulation.The air
density at the various levels during the descent determines the fall
velocity and, hence, the time of � ight through each layer, and was
included in the meteorological input � le. However, a minor glitch
in MS-CARP prevented the use of the density data in the calcula-
tions. Atmospheric density was set at 0.0024 slugs/ft3 resulting in a
constant G-12 fall velocity of about 28 fps.

Direct Meteorological Data Comparisons
The � rst phase of the research involved direct comparisons of

BFM data with RAOBs and dropsonde observations. Figures 3–6
are graphical examples of these comparisons for the U compo-
nent of the wind (west–east being positive numbers), the V com-
ponent of the wind (south–north being positive), temperature, and
air density. (Note that the temperature was not a required parame-
ter in these CARP calculations and was included here only to fur-
ther illustrate the predictive capabilities of the BFM.) Heights are
above mean sea level (MSL). The symbol B-1000 is the BFM fore-
cast, valid at 1000 local L YPG time (mountain standard time).
R-1000 and R-0500 are the RAOBs taken at 1000L and 0500L,
respectively. D-1000 is the 1000L dropsonde observation. For the
23 January 2001 case, the BFM was initialized using the 0500L
RAOB; consequently, the B-1000 line indicates the results of the
5-h forecast.

Starting with the U component (Fig. 3), the BFM plots at most
of the levels below 11,000-ft MSL were closer to the R-1000 plot
than the R-0500 plot. (Note that the U -componentdropsondewinds
have been omitted because they tended to overlay the other symbols
closely and created excessiveclutteron the plot.)This indicates that
the model correctly predicted a change in the winds over the 5-h
period.

The predictive skill of the BFM is more evident in the
V -componentgraph (Fig. 4).Above 8000-ftMSL, the V component
changedsubstantiallybetween 0500L and 1000L (from in excessof

Fig. 3 U-component winds.

¡30 fps to around¡10 fps).The BFM correctlypredictedthis trend.
The dropsonde trace shows considerably more � uctuation than ei-
ther of the RAOBs or the BFM. This is because the dropsonde is
essentially raw data measured at a frequency of 10 Hz, whereas
the RAOB data are smoothed by the ground receiver station’s soft-
ware, and the BFM values are interpolated. Still, there appears to
be reasonably good visual correlation between the V component
of the model and the dropsonde. Statistical correlation data will be
presented hereafter.

The temperature plot (Fig. 5) and the density plot (Fig. 6) do
not include dropsonde values because the particular instrument
used during the NWV test series does not measure temperature,
pressure, or humidity (needed for density calculation). (Note that
there are several commercial dropsonde systems available that do
measure the meteorological parameters necessary to calculate air
density.) The RAOB plots in Fig. 5 indicate that several degrees of
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Fig. 4 V-component winds.

Fig. 5 Temperature.

warming occurred between 0500L and 1000L above 8000-ft MSL
(which was probably due to the passage of an upper-atmosphere
low-pressure trough). The BFM correctly forecast this tendency,
especially above 11,000-ft MSL where its 5-h prediction plot for
1000L almost exactly overlays the corresponding RAOB taken at
that time. Near the surface, the normal warming occurred during
the morning hours. The BFM indicated this trend, although it was
somewhat overpredicted.

The atmospheric density values depicted by the R-1000 line in
Fig. 6 were almost exactly predicted by the BFM. However, there
was essentiallyno density change at most of the levels from 0500L
to 1000L in the RAOB values; hence, little model skill was required
in this case to predict this parameter.

Table 1 MEAN and SD between BFM-predicted and
RAOB-measured parameters

Mean/SD

Date U component, fps V component, fps Density, slugs/ft3

28 June 2001 C7.5/3.7 C4.4/4.6 ¡1E¡5=2E¡5
23 January 2001 C1.8/4.9 ¡0.2/4.3 ¡1E¡5=7E¡6
13 April 2000 ¡3.8/9.8 C0.3/7.3 ¡3E¡6=8E¡6
7 March 2000 ¡11.9/5.5 ¡8.8/10.4 ¡2E¡6=5E¡6

Fig. 6 Air density.

To quantify the direct comparisons between the BFM and the
RAOBs, two statistical parameters were calculated, the mean dif-
ference and the standard deviation of the differences. The mean
difference depicts forecast bias. It is the arithmetic average of the
differencesbetween BFM and RAOB at each 100-ft level, averaged
over all of the levels from the surfaceupward to the deceleratordrop
altitude. The difference is the BFM value minus the RAOB value.
For example, a positive mean difference indicates that, overall, the
BFM values were greater than the RAOB values.

Table 1 shows the mean differences (mean) and the standard de-
viation of the differences (SD) for four case study days. The three
parameters shown are the U (west–east, positive) and V (south–
north, positive) wind components,and atmospheric density.For ex-
ample, on 28 June 2001 themean differencein theU componentwas
C7.5 fps, meaning the BFM U component averaged 7.5 fps greater
than that of the RAOB over all of the layers. As a point of reference,
the wind speedaccuracyof a RAOB instrumentis usuallygivento be
§8.5 fps by manufacturers.Thus, theBFM predictedthewind speed
components within the accuracy tolerance of the RAOB instrument
for three of the four days. On 7 March 2000, the V -component
predictionwas just over the 8.5 fps threshold; however, the U com-
ponent exceeded the threshold by 3.4 fps. Wind speed predictions
such as these (which for the most part fall within the RAOB’s accu-
racy tolerance)are consistentwith thosefroma similar studyofYPG
winds during senseand destroy armor (SADARM) artillery� rings.9

These values could have been the result of rather constant differ-
encesfromone level to thenext,or fromwide swingsfrompositiveto
negativedifferencesthat just happened to averageout to a relatively
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small number. The SD was also calculatedto indicatewhich was the
case.

The standard deviation of the U -component differences on
28 June 2001 was 3.7 fps. All of the SD values for the wind compo-
nent differenceswere less than 10 fps, indicatingthat the differences
remainedfairly constantfrom level to level.Thus, althoughthe BFM
did notdo a perfectjob of predictingthe wind components,it was for
the most part well within the measurement accuracy of the RAOB,
and its skill did not � uctuate signi� cantly as a function of height.
The mean and SD of the density differences were miniscule for
all four days, indicating very close agreement between BFM and
RAOB.

Comparison of Parachute Trajectories
Direct comparisons between the BFM and RAOB or dropsonde

data are interesting, but of limited value in evaluating the model’s
ability to provide accurate data for CARP calculations. Conse-
quently, a method was devised whereby CARP simulations (incor-
porating either BFM, RAOB, or dropsonde data) were compared
against the actual parachute displacement (in the x and y axes) as
measured by a YPG tracking radar. As explained in Ref. 3, YPG
dropsondesare released simultaneously(or as close in time as pos-
sible)with the parachuteloads, the intent being to sample almost the
exact column of air that the main parachute will encounter. Thus,
it was expected that the CARP simulations using dropsonde data
would most closely correspond to the actual parachute tracks.

One case study, for 28 June 2001 at 1000L, has been fully ana-
lyzed at the time of this writing. (Unfortunately,complete data sets
for most of the other case study days were not available, primarily
because dropsonde data were not recorded.) Figure 7 shows the ac-
tual path over the ground that the AGAS traveled on that day, with
north being the y axis and east being the x axis. The AGAS guidance
system failed to operate during this airdrop and so this was a “bal-
listic” � ight for which the parachute simply drifted with the wind,
that is, there was no biasing of the ground track due to control sys-
tem in� uence. The drop point was at the origin of the diagram at an
altitude of 9300-ft MSL. Figure 7 shows that initially the parachute
drifted toward the north-northeast, then almost directly northward.
About midway through its descent the wind direction shifted, and
the parachute drifted eastward. As the parachuteneared the ground,
anotherwind shift occurred,and the drift was back to the south.The
landing point was 150 ft north and 1425 ft east of the DZ.

Figure 8 shows the result of the MS-CARP simulation for 28 June
2001 that incorporatedthe 1000L dropsondewind � le. The shapeof
thegroundtrackin the simulationis quitesimilar to thatof theAGAS
path, although the impact point is about 850 ft farther to the north
and east than the actual location. The differences between the two
plots could be attributable to the dropsonde being released around
10 min before the AGAS load; thus, the winds could have changed
somewhat in the interim. However, the very similar shapes of the
two plots suggested a different explanation. Discussions with the

Fig. 7 Actual AGAS ground track on 28 June 2001.

Fig. 8 MS-CARP simulated ground track using dropsonde winds.

Fig. 9 MS-CARP simulated ground track using RAOB winds.

MS-CARP developer at YPG revealed that the version of the soft-
ware being used in this study has a glitch in the manner in which
air density is handled, that is, the actual air density from the RAOB
at each 100-ft level was not incorporated into the calculations. As
a workaround, a constant density value was temporarily hard coded
into MS-CARP. The particular air density selected by the software
developer is an annual average surface value for YPG (all seasons),
which is greater than an appropriatenumber for the very warm con-
ditions of late June, and, of course, does not represent the reduced
densities at higher altitudes. As a result, the parachute in the simu-
lation fell too slowly and, thus, drifted too far in each layer. Still, the
MS-CARP simulations are useful for making relative displacement
comparisons against the actual AGAS drift.

The MS-CARP simulationusing a YPG RAOB that was released
at 1000L near the target area is shown in Fig. 9. Note that the same
general pattern (a drift to the northeast immediately after the drop,
followed by a turn eastward, and concludingwith a drift back to the
south) occurred in this simulation.The pattern is smoothed in com-
parison to the actual ground track and the dropsonde-basedCARP
simulation, because RAOB winds are averaged and interpolated to
layer values and, therefore, lack the � ne resolution necessary to de-
pict the corresponding � ne-scale changes as seen in Figs. 7 and 8.
However, some of the differences between Fig. 9 and Figs. 7 and
8 might also have occurred because the RAOB was drifting away
from the DZ and, therefore, measured a low-level wind in� uenced
by different terrain.

The simulation plot using a 5-h BFM wind forecast (initializedat
0500L , valid at 1000L) is displayed in Fig. 10. Although the same
northeasterly drift that gradually turns to the east is evident, there
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Fig. 10 MS-CARP simulatedgroundtrack using BFM forecast winds.

Fig. 11 V-component winds for 28 June 2001.

are a couple of notable differences as compared to the other three
tracks. First, there is essentially no drift back down to the south as
the simulation approaches the end of the descent. This means that
the BFM did not predict a wind � owing from north to south in the
layers near the surface. Figure 11 illustrates this point.

Note that from 4000-ft MSL downward to the surface, the drop-
sonde (D-1000) measured a negative V component (a north–south
wind) that peaked at ¡20 fps at 2000 ft MSL. The RAOB (R-1000)
measured a similar feature only to a lesser magnitude. As evident
from the B-1000 plot, the BFM predicted only a slight negative
V component near the surface that reversed sign at around 3000-ft
MSL.

The second obvious difference between the BFM-based
MS-CARP simulation and the Figs. 7–9, is the magnitude of the
drift distances (particularly in the x direction, west to east). The
eastward drift in the BFM-based simulation was 3800 ft, over twice
that of the actual drift and in the other two simulations.This means
that the BFM predicted winds that were too strong at many of the
levels. Figure 12 shows the U -component winds from the BFM to

Fig. 12 U-component winds for 28 June 2001.

be stronger than either the dropsonde or RAOB at all levels (except
a few above 8000-ft MSL).

BFM Case Study Performance
The BFM’s wind component forecasts for the single case study

described lacked the precision necessary to produce an accurate
CARP simulation.An earlierU.S. Army ResearchLaboratorystudy
that compared SADARM artillery trajectory simulations with live
� rings at YPG showed the opposite; overall, the simulations using
BFM 5–6-h forecast inputwere about20% more accurate than those
that were RAOB based.10 The SADARM weapon, which descends
brie� y on a parachute, is less susceptible to variations in the low-
level target area winds than a decelerator system such as AGAS.
The development of a north–south wind near the surface at 1000L
on 28 June 2001 (not evident whatsoever at 0500L) made this case
studyparticularlychallengingfor theBFM. However,oneof thepur-
poses of conducting this research was to identify areas where the
model might need improvement, such as the more accurate predic-
tion of winds near the surface. It is possible that a 3-h BFM forecast
(initialized with the 0700L RAOB) would more accurately portray
the northerly wind that was occurring at 1000L on 28 June 2001.
The reanalysis of the 28 June 2001 case had not been accomplished
at the time of this writing, but is a topic of future investigations.

Determining the CARP On-Site
During Airdrop Operations

As mentionedearlier, theBFM-based CARP simulationswerenot
a formal part of the NWV-PAD testing at YPG during the summer
of 2001. The BFM and MS-CARP were run at YPG on a laptop
computer for several days during the AGAS test series to determine
the feasibility of utilizing a mesoscale model on-site during airdrop
operations. Recall that the NWV WindPADS does not actually run
the MM5 model but rather receives that model’s output from an
off-site workstation or mainframe computer and updates it as any
new data (primarily a dropsonde) become available. One possible
drawback is that the MM5 is only run twice each day, whereas the
BFM can be rerunapproximatelyonce each hour if new localRAOB
initialization data are obtained. One objective of this study was to
establish a methodology by which the BFM could be initialized
and run in a timely fashion, its output converted to the required
MS-CARP format, and a revised CARP calculation made, entirely
on a laptop computer.
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Obtainingmodel initializationdata is usuallya signi� cant consid-
eration when attemptingto run a mesoscalemodel in the � eld.Kirby
et al.11 describe the development of a Web site where the required
data may be obtained. This Web site has links to universities and
Department of Defense weather centers where the necessary data
are assimilated or generated. The Website graphical user interface
(GUI) allows � le transferprotocols (FTP) to be easily invoked,with
which the data are transferred to a centralized server for decoding
and reformatting.The required � les are then moved back to the on-
site laptop computer via FTP, where they are input to the BFM. A
single set of initializationdata may be used for successiveBFM runs
(each time a new local RAOB becomes available). What once was
a rather laborious and time-consumingprocess, requiring extensive
user interactionand knowledge,has beenmade very straightforward
and much quicker by the design of the GUI on this Web site. The
airdrop testing at YPG was the � rst opportunity to utilize the new
Web site in the � eld, and it proved quite successful. It is thought
that at least some of the methods and concepts involved could be
applicable in a tactical battle� eld setting.

YPG RAOB data are not input to the national meteorological
network and, thus, were not available via the Web site. However,
YPG operates an intranet on which test data (includingRAOBs) are
posted.A MATLAB routine was developed that converted the YPG
RAOB � les into the proper BFM input format.

AdditionalMATLAB routines were prepared to convert the YPG
RAOB and the dropsonde � les into the MS-CARP format. Finally,
a MATLAB program was written that scanned the radar track � les
for the point of the AGAS parachutedeploymentand plotted its x=y
position relative to the ground.

Conclusions
The BFM, a mesoscale weather forecast model, was run for the

YPG area to compare its forecasts directly with RAOB and drop-
sondedata thatwereobtainedlocally.Analysesof severalcase-study
days indicated relativelygood correlationbetween the forecasts and
the measured data.

To more thoroughly evaluate the BFM’s accuracy, its output was
adapted for subsequent ingest into a CARP simulator. A full data
set, including RAOB, dropsonde, BFM, and radar track data, was
obtained for a single case study day. CARP simulations using these
data were compared against the actual AGAS ground track. The
CARP simulation using a 5-h BFM forecast bore some of the
same characteristics as the simulations using measured data and
the ground track of the parachute itself. However, the model pre-
dicteda U -componentwind speed thatwas too strongat most levels,
and failed to forecast a north–south wind component (negative V
component) in the layer near the surface. Note that these results ap-
ply to just one case; thus, conclusions about BFM accuracy should
not be made until many more case study results can be compiled.

A methodology was designed with which the BFM could be run
on-site in near-real time during the NWV-PAD testing at YPG. The

modelwas successfullyinitializedwith data froma newlydeveloped
Web site and then run, and its output ingested into the MS-CARP.
The initial CARP simulation was available in about 2 h. As addi-
tional YPG RAOB data became available, the BFM could be rerun
and a new CARP produced in less than 1 h. This process demon-
strated the feasibility of directly running and utilizing mesoscale
forecast models in the � eld, for a U.S. Army applicationother than
IMETS.

Although some improvements are needed in the model’s accu-
racy, the use of the BFM output in CARP simulations at YPG was
a signi� cant step toward a full implementation of this promising
technology in precision airdrop operations.
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