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WSR-88D depiction of "ropical Storm Beryl as It moved northward ac~s the FIorkfa panhandle during the
early morning hours of 16 August 1994 (top left and top right). and radar depiction of tornadic s~s
(from the remnants
of Beryl) near Columbia, South Carolina during the afternoon hours of 16 Augt8t 1~
(bottom 18ft and bottom right).
Tropical Storm Beryl produced 37 tornadoes as it moved ~ the Atlantic coast from 16 to 17 August. Tornadoes resulted
In more than 50 injuries. and caused F"operty damage in excess to 1 0 mHHon doHara.
Refer to page 651, paper P3.21, entitl&d "Tropical Storm Beryl: A WSR-88D Radar Overvlew,- by J. Koroti<.y, NOAAINWS,
Tallahassee, FL, et al.
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1.

Introduction

In this work, a simulation of Hurricane AndreWis pre8ented. Andrew alamJILedinto the lOutheast
Florida coast in August of 1992 and did billions of dol1art of damlle (Mayfield et al., ].994). While its path
WII well predicted, it~ rapid strengthening into a ma,jor hurricane was not (Dept. of C:ommerce,1993). The
~gional Atmospheric Modeling System (RAMS; Pielke
et al. 1992; Nicholls et al., 1993), was used to simulate
the ~ovement and intensification I~fAndrew. Currently,
no numerical models provide direct. intensity forecasts.
RAMS includes the explicitly ree~lved convection, and
variable initialization with nudgiJlg at the boundaries.
The convection is resolved by ernploying 2-way interactive nesting, with a horizontal grid interval of 5 km
on the finest mesh. This mesh Jnoved along with the
storm center, so that areas of detip convection were alwaysresolved by the finest grid. J\.total of 3 grid. were
employedduring the integration. The COarlelt grid was
74 by 47 points in the horizontal directions with a grid
increment of 80 km. Nested inlid,~ the coarse mesh was
a movable grid with 20 km increlrLentsand a total of 74
by 74 horizontal grid points, and inside this mesh was
the fine grid with 71 by 71 horu,ontal grid points. In
all grid. the vertical increment was stretched from 100
m at the surface to 1500 m at thj~ top, encomp&l8ing a
total vertical distance of 26km. The model was run in a
nonhydrostatic compressible mod,~and used parameter.
izationl of radiation, liquid and ic:ephase microphysica,
IUrfacelayer fiuxes, and subgrid lC:aleturbulence. PreviOUimodels with similar capabilitit~ (Tripoli, 1992) have
been used to model tropical cyclc)nes,but their initialization of environmental thermoclynamic and dynamic
variables was idealized, while this simulation takes environmental variability into accoun1~.

2.

Initialization

The model wu integrat4!d for 72 houri, starting at 12 GMT on 21 August 199:Z.In order to properly
incorporate the environmental conditions present during this period the RAMS isentrl)pic objective analysis
program wu used to interpolate (,bservedNMC gridded
pre88uredata, upper air rawin80nde data, and lurface
oblervations taken within the modeling domain onto the
RAMS defined grid. The outer 5 points of the coarsegrid
served u boundary points for the solution using a nudging technique (Davies, 1976). In this sensethe solution
representl a limulation rather t]~an a true prediction,

although for other RAMS .tudiea, predictive forecut
model output hu been uIed for the boundary conditiona (Cotton et al., 1994). In a.ny cue, for these Andrew limul&w)na, the interior wu at leut 1000 kin from
~e boundary pointt a.nd a.nyinftuence from the boundary points is minimal in the 8enle they do not directly
impact the aolutiona.
The lea 8urface temperature, wu let to a conata.ntof 28.5 C for thillimulation.
Initial condition8 alIo
included a vortex in gradient wind bala.ncewhich wu introduced at the location of the 8torm derived from beat
track data taken at 12 GMT on 21 August 1992. The
maximum wind. of the vortex were 20 m 8-1 and located
50 kIn from the center. The minimum 8urface preasure
wu 12 mb below the surrounding environment.

3.

Result.

Figure 1 provides a lummary of the oblerved
and modeled path foUowiDI the Itorm center. The
time is indicated at Iix hour intervals along the tr~
(date and time in UTC). AlIo, at each lix hour interval the minimum lea-level pr-ure and maximum Iu.tamed windl are Ihown. The model d..t.. ia represented
by circles, oblervationl by aquares. For the fint 30 hourI
Gown there wu a BlowItrengthening in both the model
Itorm and oblervation. The maximum wind. increued
to roughly 41 m .-1 and the preuure dropped roughly
6mb. During the fint twelve hoUrI the vortex wu in an
environment characterized by Itrong euterly wind. at
low levell and lOutherly wind. aloft, which agree! well
with oblervationl taken at thia time. Both the model
and oblervatiOnl indicated no well~defined eye.
The period from 22 AugUlt at 18 GMT to 23
AugUit at 18 GMT law the numerical and oblerved hurricane undergo rapid intenlification (RI), at which time
Andrew reached a Category 4 on the SaffirlSimpion
Hurricane Scale (Simpaon, 1974). The pronounced drop
in pr_ure and increaae in maximum IUltained wind!
during thia period ia evident in Figure 1. At the end
of this time the difference between the tr~
is leu
than one degree in the north~louth direction and Ilightly
greater than one degreein the eut-west direction. Although the model hurricane lagl the oblen,ed ~a level
preuure by about 7 mb at each time intervlu, the dropl
between IUcceuive meuurementl are fairly clole. The
facton responaible for luch rapid inteDlific:ation is an
active area of reearch for both forecuters and theoreti-

cianI.
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Inspection of the observed aDd model fields
show the development of a tropical upper tropospheric
trough (TUTT) ~o ~he nonhwes~ of ~hl~hurricaDe. It
hu been emphuized by Gray (1979), C:halla aDd Pfeffer (1981), Chen aDd Gray (1984), Holll~d aDd Merrill
(1984), aDd Molinari aDd Vollaro (1989a"b), that upper
tropospheric inftuences are imponaDt ill hurricaDe development. Merrill (1988a,b) aDd DeM&lB et al. (1993)
emphuize the imponaDce of TUTTS &lld mid-latitude
trough. in forcing shear over a ~ropical cyclone. Recently, it hu been shown tha~ the National Weather
Serviceoperational aviation (AVN) modI!! tend. to wuh
out TUTTS, leading to difficulties in forecu~ing (Fitzpatrick et al., 1994). This paper does not attempt ~o
quantify upper ~ropOlpheric disturbanc'~ u a primary
forcing mechaniam, but point out that the upper level
disturbance is simulated. The model-deJived shear, calculated u the djjference in 850 aDd200 Jl]lbwind., within
a 350 km radius of the center, shoWI a djjference of 10
m S-l just before the onset of RI. It is cclmmonfor forecuteR to use this threshold u a indic~~torof pOllible
ensuing intensification. The intergoverl1JD.entaldiIcualiona, prepared by the National HurricaDe Center during
Andrew's advance toward. the lOutheut Florida cout,
indicate that the shear wu beginning to clecreue slightly
before the onset of RI. In the model the Ilhear begins decreuing roughly nine hoUR before RI. At the end of the
RI phue, the model-derived shear goes up slightly aDd
the djjference stays a~ a value around 10 m S-l. Further
work will attempt to dillcern the prim&rJr mechaniamreIponaible for the RI phue.
The next 36 hoUR of integratilon showed further strengthening, with peak wind Ipet!dl greater than
70 m S-l. Shown in Figure 2 is a three-dimenaional
rendering of the modeled cyclone. The l~y-8Caled field
represents aD iIOeurface of total condeJlaatemixing ratio, set to 10-4 kg kg-l, taken 60 houri into the simulation. A banded structure CaDbe seen, with several
band. extending outlide the nneit mesh. An eye it also
evident with a diameter of 60 km at thill time. It should
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be noted that the oblervationa aDd the model show eye
development at nearly the same time, 22 August at 12

GMT.

By 2. August at 0 GMT the model solution
beginsto divergeUtlm the oblervationsu it tracks towardsthe northwest,while the oblervations.howedthe
cyclonestayedon a westerlytrKk. The simulatedhurricane'slandfall laggedthe oblervedlandfall by ,..bout
12 hours. Thia is st.ill fairly good agreementconsidering
the modelh.. b~ integrated for morethan 3 days of
simulationtime.
The numericalmodel results compared:(avorably for the 3 dayssimulatedby RAMS. Featuressuchu
minimumcentral pre88ure,maximumwind speedll,and
trKk are wellrepresented
by the model. In addition,the
RAMS modelcorrect.lysimulatedthe period of rapid intensificationthat Andrew underwent. The modeoland
the obeervations
showeda upperlevel trough locatedto
the northwestof the cyclone.. well u a decreue in the
wind shear. Investigationinto their impact on intensificationis ongoing. Giventhe adventof parallel computer
proceBIiDg(Cotton et al., 199.) it is not inconceivable
that RAMS could be appliedin a forecut mode,using
the nestedgrid model (NGM) or other modelsto,force
the boundaryconditions.
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Figure 2: Model track is indicated by circlea, ob8ervationa by Iquarea. Listed above and below the .ymboll ue time
(UTC). minimum central prellure (m.b), and maximum .uatained windt (m .-1), for the model and ob8ervationa,
respectively. The duhed linea above! and below the .ymboll indicate the da~e for ~he model and oblervationa,

respectively.
Chen,L., a.ndV'{.M. Gray, 1984: Globl.l view of the upper level outfiow patterns uaocia.ted with tropical
cyclone intensity cha.ngesduring ]~GGE. Prep"ntl,
15th Conference on Hurricane, o:radTropical Meteorologu, Miami, 224-231.
Cotton, W.R., G. Thompson, a.nd P.W. Mielke, Jr.,
1994: Real-time mesoacalepredic:tion on workst...
tions. Bull. Amer. Meteor. Soc.,,r5, 349-362.
Department of Commerce, National Oceanic a.nd AtmOlpheric Administration, 1993: Natural Diauter Survey Report, Hurrica.ne Andrew: South
Florida and Louiaia.na, August 23-26, 1992. N...
tional Weather Service, Silver Spring, Maryland,
131 pp + appendices.
Davies, H.C., 1!J76: A lateral boundaJ'Y formulation for
the multi-level prediction models. Tellu" 102, 405-

418.
DeMaria, M., J.-J. Baik, a.nd J. Kapla.n, 1993: Upperlevel eddy a.ngular momentum fiaxes and tropical
cyclone int~=nsitychange. J. Atmc),. Sci., 50, 1133-

1147.
Fitzpatrick, P.J., J.A. Knaff, C.W. La.ndaea,a.nd S.V.
Finley, 19514: A .y.tematic biall in the aviation
model'. forecut of the Atlantic tropical upper trC)p~pheric trough: Implications for tropical cyclone
forecuting.. WeD. Forecalting, .ubmitted.
Gray, W.M., 1979: Hurrica.nes: Their formation, .tructure, a.nd ]ike}y role in tropical l:irculation. Meteorology ovc!r the tropical oceana, D.B. Shaw, Ed.,

Ro~.Metec,r.Soc.,108, 187-210.
Holla.nd, G.J., Il.ndR.T. Merrill, 1984: On the dynamo of tropil:al cyclone .tructural c:ha.nges.Quart. J.

Ro~.Metec)r.Soc.,110, 723-745.

Mayfield, M., L. Avila, and E.N. Rappaport, 1994: Atla.ntic hurricane leMOn of 1992. Mon. Wea. Rev.,
122, 517-538.
Merrill, R.T., 1988: Characteriatia of the uppertropospheric environmental Bow around hurricanes.
J. Atmol. Sci., 45,1665-1677.
Merrill, R.T., 1988: Environmental infiuences ODhurricane intensification. J. Atmol. Sci., 45, 1678-1687.
Molinari, J., and David Vollaro, 1989a: External infiuencea on hurricane intensity. Part I: OutBow layer
eddy angular momentum iuxes. J. Atmol. ~>ci.,48,
1093-1105.

Molinari, J., and D. VoDaro, 1989b: External iniuencea
on hurricane intenR'Y. Part 11: Vertical structure
and response of the hurricane vortex. J. Atmol.
Sci., 48, 1093;-1105.
Nicholla, M.E., R.A. Pielke, J.L. Eutman, C.A. Finley, W.A. Lyona, C.J. Tremback, R.L. Walko, W.R.
Cotton, 1993: Application of the RAMS Numerical
Model to Dispersion Over Urban Areu. In: The
Effect of Urbanilation on Windfieldl, Air Pollution Spreading, and Wind Forces, E.J. Plate, Ed.,
Kluwer Academic Publiahen, The Netherland..
Pielke, R.A., W.R. Cotton, R.L. Walko, C.J. Tremback,
W.A. Lyona, L.D. Gruao, M.E. Nicholla, M.D.
Moran, D.A. Wesley, T.J. Lee, and J.H. Copeland,
1992: A comprehenmve meteorological modeling
system -RAMS.
Meteor. Atmol. Phr'., 49, 69-91.

Simpson, R.H., 1974: The Hurricane diluter
Kale. Weatherwile, 27, 169-186.

potential

Tripoli, G.J., 1992: An explicit three-dimensional nonhydrostatic numerical simulation of a tropical cyclone. Meteor. Atmol. Phr'., 49, 229-254.

21STCONF.ON HURRICANES

113

