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Interplay Between Wind and Rain
Observed in Hurricane Floyd

Itw sitlt obvzervaliony guer the ocean ane
extremesy soame during a hurtieane and con-
venticnal satellite dala onhy provide doud
Ttragery at the Lo of e storm. Hunicanes ate
devastating when they ame accompanied by
strong winds and heavy min Tuo new satellite
mizsions, QUiESCAT and the Teoptcal Rain Mea-
saring Mission {FEMM}, presdde the oppoituni-
by :a phyerve bolh wind and rmin in hamicanes
privr 1 lzndfall The comeident tieasurements
ofsudace wind =nd rain reveal the interplay
Lelween the dynamics and the Tydrolndic bal-
ances of the storms. When applicd to Humicane
Flayd, e bigh spatial s=solotion of occan sur
face winds measured by QuilSCAT impoves
computaion of the melslure ransmon, the veti-
cal protiles of moisiure sink and dfabatic haat-
ing, and the ditference betwaen evapamlion
and rateeare at e sudace,

The esuits were validated by fhe observar
tipns of surface rain and o profiles by the
TRMM.The close velationship belween the
dynaic and bydeglogic parameters is visiblz
in Figure 1 as Hiericane Floyd spproaches
ihe Baharnas on Septernler 13, 1999, Surface
wincs teed molstare into the hurricane The
maoisture urmy into \in, releases laleat heat,
and foels the storm. After the image in Figure
1 was taken, Hureicane Floyd twmed north. Its
strength and prodimity to the Atlanfic coast
caused the lergest evacualion of citizens in
U3, history Landfall of Hurticane Flapd on
Seprember 16 reslted in severe fiooding and
devastation in the Carolings,

A scattermeter wends miergwasa pulses o
the Eavths sudace aod measures the backseat-
ter power from (he surlace mughness. Over the
ez, the Dackscatter is largely due 1o small
feentimeser) waves on the stifare, which are
believed v be in equilibrium with the focat
wind stres: The backscatter power dipends
e aeely ore the magnitude of the wind stress,
Bt alse am the wind direction relative Lo ke
directicn af the mdai beam. The ability to
mezsure wind speed and direction wnder both
clear and doudy conditions is what makas the
seatleromeler unique

QuIKSCAT was launchied by MASA in June
1599 wilh a rdar scalterometer, SeaWinds, on
board [Graferal 1968)_ScaWinds provides &
continuous 1360 km swash, thes providing ever
92% coverage of the globa) ocean dailv The
standard wind products have 8 25-km resolu-
tion, bt e data nsed, in this study are

Copyright 200 by the
American Geaplysical Unian
(O0E20 LB E3VER 205,00,

preduced o have a space resatution of 12.5
kL Tais is significant iprovement cvar prei-
N1 seAteroTeters i manitoring huricanses,
The Na%s, Scastercmeter (HSCATY, which
failed n 1907, had 2 wide nadi=gap hetuween
twir Giitkm swaths, one on each side of the
spacenmltand a spatial resatulicn of 25 km;
the ks gap may prevend full coverage of a
hurricane [eg., Lir e al., 1997] The sratterome-
ters of European Remete Sensing (ERS) satet-
Jites, which bave been aperating slnce 1992,
have onby a segle 473Ham swath and & spatial
resalution of 50 kon. ERS scatterometers cover
anfy 0% of the global cesan daily and may
ks large porfions of Rutricanss.

TRMM i= jpint mission of NASA and the
Madonal Spare Develapment Agency (MAS-
DA of Fapan. ]t was launched in Nevember
1557 with & Tnicrewave imager and a precipi
lation radar onboard [Kugumerow of qf.,

1 932]_The mictowave imager measures radi-
anrce o 107 Ghz 1o 85 Ghz,Jrome whick: a

B

suite of parameters can be derived, including
the surface rminfall ovey oceans The spatial
resolution varies with frequenry, arting at 45
km gt 10 GHz to 5 km at 25 GHi The precipi-
lation radar sends radar pabies and measures
the backseatter frow the aimesphers, giving
TREM3 the untque ability to measurs the
three-dimensional rinfall distribution over
banh Yand and oeean. The horizontal rescius
tion is 4.5 km.The lovwdndication arbit of
THEMM iz designed to give an optiema) sampling
ke Jar monitoring rainall

Wind, the dynamic pakataeterand min, the
turelraligic parmeterare retated by the prin-
ciple of water and mass conservation. The
influence of the poean surface winds is not
confited W the surface, but instead i telt
throughout the aimaspharic column. The wer-
Ficel vetotity in pressure coordinate at a cer-
tain Jevel is the integrat of the wind dives
gence at that leved and all the levels belosw: jt
goverrts the vartical component of moishire
transport The difference between condensa-
tien and evapamtion per unit mass of air at
each level, called sppatent maisture sink ()
byWanai et al. [1973], it a fenction of the
MESAUTe transport &t that level. In convective
areas, the vertica] tansport s partfealary
important, and the accuracy of surface winds
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FIg 1, Hurricane Floyd 5 revealed by wind vectors (tohite arrows) fom SeaWinds and surliee
precipitation (eofor imege} fom the misrmaaue (mager on September 13, 1998, along the
Frouitid-trarces of Qb SCAT ana TRMM, wivich are aporoximately 78 minwies apart
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Fig, 2 Hirrfoane Flavd, o) o reveated by EDAS datr inferpalated fo T8 U with white amoms
repraseming winds at 00 mb and de color dttage representing the compuled mirsea fesh
werter fuce; B) a5 freh waaer X compted By pplacing the surfoe wind divergence of EDAS
ehiater uitfy Se Wirtels dace thorare meastred af J 048 U6 ) as surfee roinfad estimaled trengt
@ comiinalion of the mricrowace imager and preciplalion rdar doda at $2538 LT \ertiesl profiles
of healing and rein e along white lines o porel o 12, and o) qre shawe [7 panels &), &,

and f} respestivey

affecis the hdmiogic balance ar all levals.
The profile of O is usvally expressad as the
paofile of diabatic heating rate per unil mass
ol gir H = L)fg, where ¢ iz the isobaric specific
bweat and L is the Jztent heat of vaporizetion,
The vedical intedmiion of ) gives the aikses
fresh water Mux {F), which is the difisrence
bt evaporation (E) and min mte (8 2t
the sirface [eg. Bome and Oorr, 1584].

The Ireditional computation of H profiles
and F uses wind and humidity profiles from
rawingonde. Char the ocean, rawinsonde data
ara sparse, and products from operationsl
numerical weather prediction {NWPY models
are used. Provided that fhe vatiation of E iz
grnall compared with B the horizonta) pattem
of Fand vertical patters of H should be com-
parable 1o the sudace rain pattem and ventl-
cal rain profles measured by TRMM, By
adding a wind fiald from the scatierameter on
ERS-1;Hsu el al. [15997] improved the compu-
tation 0f Fusing the three-dimensional NWP
data of the Eubapeat: Center of Medium
Range Weather Farecast (ECMWF), in 2 con-
veelive regian it the weilem fropical Pacific

SéaWinds provides far superior coverage and
resoletien i deseribing the surface wind diver-
genee In a buericans than e ERS-1 seatterom-
eler The global ECMWE data used by Heu et
al [1997] have 25" latitude by 2.5° lopgitude

{roughly 250 k) spatial eesolution and ame
ahvinusky inadequate 1o resclve sioall maroe
COMVECEvE FySeIns, FIgure 2a shows hal e
wilh the high resplution of segional mescscala
NWE products, NWP data cannat produce real-
istic rain patteras for Humieane Floyd.As

 demonatrated by e micromave imager data,

in Figure 1. Floyd has deulle rin bands, et
the rain Bands are absent in the MAP data The
NWF dasa are produced operationally by the
Ela Data Assimitation $ystem (E03%) of the
Naticnat Cemner of Environmenta) Prediction
(MCEP) Theay hinie dkbom horzomial mesolution
and cover the whole U3 maintand aed the
SUTCUAdINE dolars.

By simply replacing thee wind divergence of
the EQAS data between LD mi and 975 mb
with the divergence of scatteromeier winds in
the computatlen of Fthe pallera of Fshown
in Figure 2k, becomes much mare realistic
witle the appearance of marne than ose =in
band as obaerved by beth the microwae
imager (Figure 1) and the precipitation radar
(Figute Zc). Because Hurricarne Flovd mdees,
EDAS data were lineardy interpotated o the
tirne of QuikSCAT overpass al 10:48 LT, wilke
the spatial coordinate moving wilk the eye of
the butricane.w 1548 UT e eye of the hurei.
cang 15 at 71.1°W and 23.8"N, acenrding Lo (he
minimum value of backscatter measured by

SeadWinds. The Jocalien is consistent with the
Test-track analysis reported by the National
Huiricane Centey (NHC).

Figure 3¢ shows that pracipitation medanwith
a mwath width of 220 k., hias less coverade thian
the mictowave imager swath, whick is 760 km_
Abthoagh there are difievences between surdace
min absarved by the micmwave imager ol
piecipitation mdar in intensity and distnibuotien,
the double circular rain bands are abviows in
both, The TEHM overpass is al 550 a.m., sarli-
ar than SeaWinds, and the eyé of Foyd ix
locased stightly t6 the cast The precipitadon
radar provides the instand wain eale inlegrated
vt 3 cerlain atmesphertc layer verical dis-
trifticm of this 1=in rate should be in qualits-
liver agreement with ot H,

The vertical saclions alsc shaw that EDAS
dala aloge atwiously do not reselve the eye
nor (e sin bands of the hunicane (Fgore
243 With SeaWiecks data, bwo shaip walls of
orecloitation defice the eva of the hunicane
at 7117 (Fgwee 2e). The nuter min bands pass-
ing 70,17 and 71.7° are deardy visible. The
additinn of soattaTometer winds also increates
the heatind rte alof. Precipitation radar data
{Figure 20) shiowr the eye of Floyd at 70,37,
slightly to the east ol EDAS dara; the walls of
the o citcular sain bands are alsa cleardy vis-
ible. Frecipitation tadar shows a shans cut-oll
of precipis lalion at 3 km {Figurs 20, which
may teprtsend (e freedng level Alihough
most of the rain & confieed to below 3 %m in
Figure 2e,the cut off is nof as dramatic.

Abthough the standard data producls
prodirced Ty thee QuikSCET Project meat the
accuracy specilications in geneml the accuia-
¢y under the strong wind and high rainfalt
conditiony of 4 hunicane is uncertain bacavse
(here are insufficient measurements for vatida-
Hoty, Using the rain lags provided with the
stamdard data prcdocls o discard data wowld
elimirate most of the data [n the huricane
A semisempirical conection algorithm that
deqiends on wind speed and rainsate was
developed vsing callocated backscatter meas.
Ukerinents Ly SeaWinds and Tain measurements
by the Special Sensar Microwave Imager for
saven Atlantic hurricanes in 1958, This comec
tion is applied to produce the data set used in
thiz studyThe scalterometer windspaeds in
Ficyel {Figure 1} reach abowe 60 md and are
compaiEble o a raxicwm value af £9.4 més
repared by MHC, Directiotal crroes that meay
T camsed by imin contarmination, lowever, il
exich these are easity identifable in Figuie |
Thezs are also continwous eflors in validation
and algamthm improvernett Joy TRMM.

Tl study shows that sutfacs wind
divergence sirongly influenees the hydrologic
and energy balances of hurricanes, Four
dirensiconal assimilation of QuikSCAT and
THMM data inta hurricane models in the near
futobe will improwve cur underslanding of this
telalionship and how to predict a huricane's
patt. Katsargs et al, (200, personal communi-
catian] demonsiraied sady detection of ki
canes by identifying rotation of surface winds



using SeaWinds, before they could be eong-
nized in cloud maotions obscrved lrom con-
ventional satellites.

Synergiclic applications of QuikSCAT and
TEMM will eomtgibute to our undemstanding of
marine weather systems. Evolving mating
weather systems can be menitored through
the Senlhox Web site Chtpialiscavenpt.
naza gowfzatlux),which displays and provides
Accest to nearreal time and uniformly gridded
QuikSCAT winds every 12 hours. Sealux also
ineludes TRMM minfall in nearreal time tor
selerred storms,
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