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ABSTRACT

Doppler radar observations of Tropical Cyclone Dina, as its eye passed at |ess than 100 km from the northern
coast of La Réunion Island (21°S, 55.5°E) on 22 January 2002, are analyzed using the Ground-Based Extended
Velocity Track Display (GB-EVTD) technique. This method is an extension of GB-VTD and it allows one to
determine the full set of wavenumber-0 and -1 components of the tangential and radial winds in a tropical
cyclone from a series of observations with a ground-based Doppler radar.

The results obtained for Dina reveal the presence of strong swirling winds (>65 m s—1) at 40—60-km radii
from the storm center and below 3-km altitude. The observed changes in the location and intensity of the
maximum winds, as well as the veering propagation of Dina, are shown to result probably from interaction
between cyclonic winds and high topography of the island.

1. Introduction

Tropical cyclones (TCs) are threatening meteorolog-
ical phenomena for islands and coastal regions in the
Tropics. These perturbations are *‘warm core”’ vortices
where the strongest swirling winds occur in the lowest
levels at some distance from the storm circulation center.
In addition to wind damage, heavy rain causesfloodings,
especially in mountainous regions, while high oceantide
and strong waves sweep the shores. Dedicated obser-
vations with instrumented aircraft, dropwindsondes, ra-
dar, satellites, as well as numerical models at various
spatial resolution have provided valuable information
on TCs. However, apart from geostationary satelliteim-
ages, real-time data on TCs are relatively scarce and,
even when the storm center is at relatively closedistance
(=100 km) from the threatened area, it is very difficult
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to estimate the wind intensity and its spatial distribution
around the storm.

Ground-based Doppler radars are essential tools to
observe mesoscale precipitating systems and, in addi-
tion to providing information on rain intensity, they can
be of great help to estimate the wind structure of TCs.
Leeetal. (1999, hereafter LJCD), Lee and Marks (2000)
and Lee et al. (2000) have shown that, through the
Ground-Based Velocity Track Display (GB-VTD)
technique, it is possible to deduce a plausible and phys-
ically consistent three-dimensional primary circulation
of alandfalling TC using asingle ground-based Doppler
radar. However, the GB-VTD-derived wind description
is not complete since only the symmetric part of the
radial wind component can be obtained. Nevertheless,
its asymmetric part is important to identify the contri-
bution of the horizontal mean flow in the wind field. In
this paper, we show that the ground-based version of
the extended VTD (EVTD: Roux and Marks 1996)
method—GB-EV TD—can alleviate this limitation.

The case study presented here concerns Doppl er radar
observations of intense Tropical Cyclone Dina near La
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Fic. 1. Geometry of the GB-EVTD analysis. The origin of the
coordinate system is at the radar location. The storm center is defined
by the distance o from the radar and the azimuth y. Each considered
point M is determined by two sets of coordinates: distance 8, azimuth
«, and elevation B with respect to the radar and horizontal distance
p, azimuth ¢, and altitude z with respect to the storm center.

Réunion Island in the southwestern Indian Ocean on 22
January 2002. Section 2 summarizes the principles of
GB-EVTD, section 3 gives a brief summary of Dina's
evolution and propagation from 16 to 26 January 2002,
section 4 presents the main results obtained from the
GB-EVTD analysis of the Doppler data collected be-
tween 0952 (al times UTC, local timeis UTC+4) and
1422, and some perspectives are discussed in section 5.

2. The GB-EVTD analysis

TheVTD and EVTD analyses (initially developed for
airborne Doppler observations of TCs: Lee et al. 1994;
Roux and Marks 1996) consider a decomposition of the
horizontal wind in the inner core region of TCs into
circular harmonics supposing that (i) the air particles
follow close streamlines around the storm center and
(ii) the lowest harmonics of the wind components are
the most energetic ones. Within a ring of given width
Ap and depth Az at aradia distance p from the storm
center and an altitude z above mean sea level (MSL),
tangential V; and radial V; wind components can be
written as

Vi =Ty + T COSp + Ty sing + e-(ng, n > 1),
Ve = Ry + R cosp + R sing + ex(ng, n > 1),
1)

where ¢ is the azimuth relative to the storm circulation
center (0 is eastward, ¢ increases counterclockwise; see
Fig. 1); e; and e, denote assumed minor contributions
from higher wavenumbers.

JOURNAL OF ATMOSPHERIC AND OCEANIC TECHNOLOGY

VOLUME 21

Once corrected for elevation B of the radar beam,
hydrometeor fall speed V,, which can be estimated from
the radar reflectivity values [we use the same relations
as Gamache et a. (1993)], and storm motion (westerly
U, and southerly V,, determined from the successive
positions of the storm center; see below), the Doppler
radial velocity Vo, measured in a TC with a ground-
based radar, once corrected for storm motion and hy-
drometeor fall speed, can be written as Vi

1
— (v —
COS,B( DOP

= V;sin(¢p — a) + Vz cos(¢p — «)
~ T,8n(¢ — a) + T, cose sin(¢p — «)
+ T, Sing sin(¢ — «)
+ R, cos(¢p — a) + R, cos¢ cos(¢p — )

+ Ry Sing cos(¢p — ), 2
where « is the radar-relative azimuth (O is eastward, «
increases counterclockwise) and B the elevation with
respect to the horizontal (Fig. 1). In the following,
Viop Will be simply referred to as Ve, and wavenum-
bers higher than 1 are ignored.

Six unknown values (T;, R;, j = 1, 3; hereafter re-
ferred to as TR,,, m = 1, 6) have to be calculated within
each ring of radius p and altitude z. This situation is
similar to that encountered in the VTD analysis except
the “radar relative’” azimuth « is variable for a ground-
based radar while it is constant for an airborne-Doppler
radar, which leads to slightly different algebra. For a
ground-based radar, the relationship between the radar-
relative azimuth « and the storm-relative azimuth ¢ can
be written as

Vo = V, sinB) — U, cosa — V, Sina

. p . w .
Sina = sing + siny,
‘7% cosp ¢ o cospB Y
p w
cosa = cos¢ + Cosy, 3
o cospB s$ o cospB Y &)

where w is the distance between the radar and the storm
center, & the distance between the radar and the con-
sidered point, and y the angle between east and the
direction of the storm center as*‘ viewed”’ from theradar
(Fig. 1). Hence, using (3), the Doppler velocity in (2)
can be written as a modified Fourier analysis of five
independent values (D;) with respect to storm-relative
azimuth ¢ and distance 6 for each ring at given radius
p and altitude z

w w
Voop = D + D
poP 0(8 cosB) 1°<8 cosB

w . w
Dls<m Sn¢) + ch(mﬁ C032¢>

cosd>>

D%(ﬁ s‘n2¢> =20l @
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The decomposition in (4) is not mathematically valid
when (i) 6 = 0, which never happens since measure-
ments are always made at some distance from the radar;
(i) B = 90°, that is, radar pointing toward zenith; and
(iii) @ = 0 (theradar and the storm center are collocated)
in which case the tangential velocity is everywhere per-
pendicular to the radar beam and the T, components are
inaccessible. These limitations did not apply to the con-
sidered dataset. Provided that N Doppler velocity mea-
surements at different storm-relative azimuth ¢ are
available, the D, values in the different rings can be
determined from the minimization of cost functions J,
(one for each ring):

N 5 2
= 21 {2 [p:(N)D; — VDOP(”)]} ;
0y
D~ s ©
The relationships between the D;, i = 1, 5in (4) and
the TR, m =1, 6in (2) are

Do

1. 1 p
— |z Sny Tlc + | = cosy Tls + [— Ro
2 2 1)

1 1.
+ (5 c05y> R, + (5 smy) R,

D,. = —(siny)T, + (cosy)R, + (B) 100
w
D,; = +(cosy)T, + (Sny)R, + (B) 157
w
1
D, = _<§ Smy> - ( COSV)Tls + ( COS“Y)R
1.
- 5 Sln’)/ Rls!
1 1 . 1 .
D, = + (E c057>T1C - (5 Slrw)Tls + (5 S'n“Y) Ric

1
+ (5 0057> R (6)

which can be written as

6
{E [Gn TR = Di} : @)
m=1 i=15

It has to be noted that coefficients vy and w linking
the D, and the TR, are constant for a given ring. This
is not true for the distance p to storm center, which
varies slightly within each ring. However, p can safely
be approximated by the value relative to the middle of
the considered ring. Since there are less available in-
formation (five D;s) than unknown values (six TR,.),
some assumptions must be made to solve the problem.
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To alleviate this difficulty, LJCD choose to neglect the
wavenumber-1 components of the radial wind (R, and
R.). This leads to an overdetermined system of five
equations with four unknowns (T,, T,., T, R,), which
can be solved in the least squares sense.

We follow here the same approach asin EVTD (Roux
and Marks 1996): the availability of L successive radar
sequences with different values of y, and w, (resulting
from TC motion) allows the six TR,,s to be deduced
from a series of L sets of five D;s, which leads to an
overdetermined system of L X 5 equations (6) or (7)
with six unknown values. Likewise, for each ring where
D, values are available for L sequences, thisis obtained
through the minimization of cost function Jx:

= i <i {mil [Aim()TR] — Di(l)}2>;

I=1

0Jre
TR m=16

For this method to be efficient, two conflicting con-
ditions must however be satisfied.

=0 (8)

m

(i) The values of vy, and w, must be as different as
possible for the L sets of D, to be linearily in-
dependent, which favors large time intervals (or
fast TC motion) between the successive radar se-
quences.

(if) This time interval must however be short enough
(or storm evolution must be slow) so that the TR,
wind components do not vary too much during
the considered period.

Here, series of two or three radar sequences separated
by a maximum interval of 1 h have been considered,
with associated differences of 5°~10° in y and 0—10 km
in w. Tests with simulated data (see the appendix), using
the same geometry as the actual radar observation of
Tropical Cyclone Dina, have shown that thisis sufficient
to correctly estimate (rms error =3 m s—1) the wave-
number-0 and -1 components of the tangential and radial
winds. This might not be true in the case of a rapidly
evolving storm, but the availability of radar scans at
short time intervals (e.g., =15 min) could alleviate this
difficulty.

3. Overview of Tropical Cyclone Dina

Dina formed on 16 January 2002 from alarge region
of strong convection east of Diego Garcia Island near
8°S, 76°E (Fig. 2; Météo-France 2002). On the 17th, it
became atropical depression, then Tropical Storm Dina
while moving rapidly (>10 m s-*) toward the south-
west. On the 18th, the storm was upgraded to tropical
cyclone by the Regional Specialized Meteorological
Center (RSMC) La Réunion-Tropical Cyclone Centre.
Dina displayed a well-defined eye while its propagation
speed slowed down to 6-7 m s~*. It intensified on the
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Fic. 2. (@) Map of the Indian Ocean; the dashed-line box denotes
the region of interest. (b) Traectory of Dina in the southwestern
Indian Ocean from 17 to 26 Jan 2002; symbols TD, TS, TC, and ETS
denote tropical depression, tropical storm, tropical cyclone, and ex-
tratropical storm stages, respectively (reproduced with permission
from RSMC La Réunion/Météo-France).

19th and during the morning of the 20th with estimated
maximum winds of about 70 m s~* and minimum sur-
face pressure of 910 hPa. During the afternoon of 20,
21, and 22 January, surface wind and pressure varied
from 60 to 65 m s~* and from 910 to 920 hPa while
the direction of motion changed to west-southwestward.

During the night of 21-22 January, Dina passed near
Mauritius with a minimum distance of 65 km between
the storm center and the northern tip of the island at
2315 UTC on the 21st (Figs. 3a and 3b). At this time,
the diameter of the eye was about 85 km and the eyewall
was asymmetric with a more intense western side. Dina
caused heavy rain (accumulated amount was 350 mm
with maxima >500 mm over the western part of the
island) and strong surface winds (maxima > 60 m s—1).

Dina's eye passed closest to La Réunion (<130 km)
on 22 January between 1000 and 1800 UTC (Figs. 3c
and 3d) with a minimum distance of 65 km from the
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northern coast at 1330. At this time, the diameter of
Dina's eye was about 65 km and the eyewall was rel-
atively symmetric. As deduced from the radar obser-
vations discussed below, strong reflectivity values (>35
dBZ)—and the most intense winds—in the eyewall were
found at 40 to 60 km from the storm center, which
probably spared La Réunion even more dramatic con-
sequences. Nevertheless, strong winds (50-70 m s71)
and heavy rain (rain rates > 50 mm h-* during more
than 12 h, 500—2000 mm accumulated in 72 h), mainly
observed over the central high terrain, as well as flood-
ing and high storm surge (6-9 m) in the coastal regions
caused major devastation, mostly over the northern half
of the island. Dina was one of the strongest cyclones
observed in La Réunion in 40 years, and the extent of
the damage can also be explained by its relatively slow
motion. No casualties were reported, but the estimated
cost amounted to several hundred million euros (or U.S.
dollars) and it will probably take years before all the
damaged infrastructure (roads, water pipes, power and
telephonelines, TV and radio transmitters, etc.), forests,
farms, industries, buildings, houses, etc., will be rebuilt.

Then on 23 January, Dina’s trajectory changed south-
ward and its intensity decreased rapidly: 55 m s—* and
925 hPa on the 23d at 0000 (Figs. 3e,f), 45 m s~* and
955 hPa on the 24th, 25 m s~* and 985 hPa on the 25th,
after which it became strongly asymmetric and was car-
ried along the westerly midlatitude circulation as an
extratropical depression.

4. Analysis of radar observations
a. Storm propagation

Ten volume scans at 130-km range have been con-
ducted with the M é&téo-France operational Doppler radar
located at 20.89°S, 55.42°E, 743 m MSL (Table 1), ev-
ery 30 min from 0952 to 1422 UTC 22 January 2002
(Doppler data at 0952 and 1052 were corrupted). The
radar antenna and radome were swept away by a strong
wind gust at 1450 and no data are available afterward.
As seen in Fig. 4, due to the steep topography of La
Réunion, with the highest peak—Piton des Neiges—at
3069 m, radar data are not available in the southern
quadrant (115°-230° from the north).

The storm center for each scan was first determined
as the geometric center of the eye region, characterized
by low (<20 dBZ) reflectivity values, at the lowest
elevation (0.5°). The derived storm track agrees fairly
well with the positions of the storm center at 0600 and
1200 derived by Météo-France from a combination of
radar and satellite observations. It should be noted that
the positions at 1800 and later are from satellite data
only, which could explain the relatively short distance
between 1422 and 1800. Although the so-determined
propagation speed remained nearly constant (6.0 to 6.3
m s~1, in agreement with the large-scale estimate), its
direction changed substantially (from 33° to 90°, clock-
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“La'Réunion

Fic. 3. Passage of Dina near La Réunion: Meteosat-5 infrared images at (a) 0000 and (c)
1630 UTC 22 Jan, (e) 0030 UTC on 23 Jan; 85-GHz images at (b) 0022 and (d) 1653 UTC 22
Jan (TRMM/TMI), (f) 0230 UTC 23 Jan (DMSP/SSM-I). The gray scales for infrared and
microwave images are given (reproduced with permission from Naval Research Laboratory,

Monterey Marine Meteorology Division).

wise with respect to north) during the considered period.
A similar, although weaker, track deviation was ob-
served from 1800 to 2400 21 January when Dina was
less than 150 km from Mauritius where the orography
is smoother (highest elevation is at 828 m). Such a sit-
uation has already been observed for other tropical cy-

clones passing at a relatively close distance from La
Réunion and is probably related to orographic influence.
Asseenin Fig. 2, Dinaturned to a southwestward track
later on 22 and 23 January.

Indeed, when atropical cyclone comes near a moun-
tain range, its track and intensity are influenced by the
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TaBLE 1. The radar parameters and scanning characteristics of the
Méteo-France Doppler radar in La Réunion (operated 1992—2002).

Latitude 20.89°S
Longitude 55.42°E
Altitude 743 m (MSL)
Specifications
Type Gematronik METEOR 360 AS
Fregquency 2.7-2.9 GHz
Peak power 800 kW
Antenna diameter 6 m
Beamwidth (one way, 3 dB) 1.2°
Antenna gain 42 dB
Antenna polarization Horizontal

Doppler mode
Pulse repetition frequencies 525 + 700 Hz (dual PRF)

Unambiguous velocity *57mst

Pulse length 1ps

Receiver Linear

Minimum detectable signal —106 dBm

Minimum detectable reflectivity 2 dBZ (SNR = 0 dB, range =
50 km)

Clutter suppression 40 dB

Range 130 km (260 range gates of
500-m width)

Azimuthal rotation rate 10° st

Azimuthal increment 1°

Elevation angles (°) 0.5, 1.0, 1.5, 2.4, 3.4, 4.3, 5.3,
6.2, 7.5, 8.7, 10.0, 12.0,
14.0, 16.7, 195

orography, which makes forecasting a very difficult
task. One well-known example is the impact of the Tai-
wan's Central Mountain Range on approaching ty-
phoons (e.g., Bender et al. 1987; Yeh and Elsberry
1993a,b; Lin et al. 1999, 2002; Wu and Kuo 1999; Wu
2001). Asthe outer circulation of aTC beginsto interact
with topography, blocking and deflection of the flow
advecting the storm cause zonal deceleration and equa-
torward deflection, which produce a cyclonic track cur-
vature. This effect increases when the strong cyclonic
winds impinge more directly on an orographic barrier.
A similar situation probably occurred when Dina, a
Southern Hemisphere cyclone following a southwest-
ward track, passed less than 150 km north of La Ré-
union.

b. Dynamic center and eye rotation

As noted by Lee and Marks (2000), a few kilometers
error in the estimated TC center position does not pose
serious difficulties in TC track analysis, but it can sig-
nificantly affect interpretation of the TC wind field in
a cyclindrical coordinate system. Supposing that the
storm center is the geometric center of the eye contour,
determined with a radar reflectivity threshold, is there-
fore not precise enough, and it is necessary to call for
a specific algorithm using Doppler velocity data to de-
termine a‘‘dynamic’” storm center more closely related
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orography
[
500 1500 2500 m

FiG. 4. Location of Dina's center between 0600 and 2400 UTC 22
Jan (the hurricane symbols denote ** official’’ positions issued by Mé-
teéo-France; dots denote positions derived from radar reflectivity data).
The dashed line contour displays the 130-km range of Doppler scans
with the Météo-France radar, located in the northern part of La Ré-
union. Shadings represent increasing altitudes.

to the wind field, for each volume scan. There are, how-
ever, many ways of defining such avortex center: it can
be the location of minimum surface pressure, zero wind,
maximum vorticity, the center that maximizes the mean
tangential wind within an annulus near the radius of
maximum wind, or the (potential) vorticity centroid, etc.

Lee and Marks (2000) showed that the simplex meth-
od (Nelder and Mead 1965) can efficiently locate the
TC center leading to the highest tangential wind within
a given annulus for an axisymmetric TC and for asym-
metric ones constructed by adding higher wavenumber
tangential winds. However, when a wavenumber-1
asymmetric radial wind is present, such a method can
converge toward a slightly different location. Thisisnot
surprizing since, as shown by Willoughby (1992), adis-
placed TC center yields a spurious wavenumber-1 com-
ponent in the derived wind field that cannot be distin-
guished from the actual one.

This difficulty can be deduced from (5), which shows
that, from the D, deduced from single volumetric Dopp-
ler data through a GB-VTD analysis [EQ. (4)], it is not
possible to estimate the symmetric tangential wind com-
ponent T,, but only a combination of T, and the asym-
metric radial wind components R, and R,:
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—sinyD,, + cosyD,

=T, + (£>[—sinlec + cosyR] = T,R. (9)
w

Wind asymmetries in tropical cyclones frequently re-
sult from the presence of mesovortices associated with
perturbed tangential and radial winds of relatively sim-
ilar amplitudes. Hence, T,R, cannot always be used as
aconvergence criterion in the simplex algorithm. Except
for vortices with R, = 0 and R, = 0, its amplitude
will not always decrease away from the dynamic center
where T, is maximum, owing to contribution of the
actual wavenumber-1 component of theradial wind, and
of other components being aliased onto the wavenum-
ber-1 radial wind when the analysis is conducted with
a displaced center. An alternative convergence criterion
for defining the dynamic storm center can be derived
from (5) through

. 1
cosyD,. + sinyD,, = 5[—T15 + R.J=U,

1

—sinyD,, + cosyD,, = §[T1° + RJ =V, (20)
where U and V are the Cartesian (eastward and north-
ward, respectively) wind components within the con-
sidered ring. Hence, we consider the area- and density-
weighted mean wind modulus UV, defined as

UV = [(U)? + (V)7+2 (11)
with

N, N,

kzzzl irgl (Air.szrdszir.kz)

U) =" = :
2 E (Air,szrdkz)

kz=1 ir=1

N, N,
2 (Air,szrdszir,kz)
<V> — kz=1 ir=1

N, N,

> (ASide)

kz=1 ir=1

where iz and kz are indices for radial distance and al-
titude, respectively, of the considered ring; A, , isequal
to 1if D, values can be deduced from GB-VTD analysis
inring ir, kz to O otherwise; S, is the horizontal area
of the considered ring; and d,, is the air density at the
considered altitude. Here UV can be used as a criterion
in the simplex agorithm since, usually, TCs translate
approximately with the depth-averaged wind velocity in
the inner core region (e.g., Marks et al. 1992; Franklin
et al. 1993): UV is a slightly more robust criterion than
T,R, since D,, and D, are uniquely related to U and V
in (10), and spurious contributions from other compo-
nents being aliased onto wavenumber-1 tangential and
radial winds will generally lead to larger values of UV.
However, it can lead to an incorrect determination of
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the dynamic center of a storm moving at some speed,
or some angle, with respect to the mean wind. It must
also be recognized that higher (n > 1) wavenumber
tangential and radial wind components can contribute
toU and Vin (10), aswell asin TR, in (9), and make
the determination of the dynamic center more problem-
atic. Likewise, nonuniform data filling, either azimuth-
aly or vertically, would probably have some influence
on the determination of T,R, and UV.

Here, to determine the location of the dynamic center
of Dina, the simplex algorithm was used with the fol-
lowing characteristics: To form the initial simplex, four
points were considered at 3-km distance east, north,
west, and south of the ‘“geometric’” TC center and a
triangle was formed with the points (including the geo-
metric center) leading to the three smallest values of
UV. The reflection, expansion, and contraction coeffi-
cients were taken as 1.0, 1.0, and 0.5, respectively; 5—
15 iterations were needed to find a dynamic TC center
leading to UV < 0.1 m s~*. The obtained results for
the eight successive volumic Doppler scans from 1022
to 1422 22 January 2002 are shown in Fig. 5 (the Dopp-
ler data at 1052 were corrupted and it was not possible
to determine the associated location of the dynamic TC
center). The distance between the geometric and dy-
namic centers varied from less than 2 km (at 1222 and
1352) to about 7 km (at 1022 and 1152). It has to be
noted that, although they are not maximum, the area-
and density-weighted mean values of T R, obtained
from (9) using the dynamic center are equal to or larger
than those obtained when the geometric center is con-
sidered, with larger differences for wider distances be-
tween the two centers (+4.6 and +1.7 m s~* at 1022
and 1152, respectively).

From the series of reflectivity fields at 1-km altitude
in the central part of the storm, it clearly appears that
Dina had an elliptical eye with minor and major axes
of about 65 and 80 km. Moreover, the eye rotated cy-
clonically with a period of about 150 min, twice aslong
as the time necessary for an air parcel to orbit the eye-
wall (about 75 min at 40-km radius and 55 m s—* speed).
Thisisvery similar to the observations of Typhoon Herb
in 1996 by Kuo et al. (1999) who found minor and major
axes of about 40 and 60 km and a rotation period of
approximately 144 min, which they explained as a po-
tential vorticity wave (the generalization of Rossby
waves) propagating as awavenumber-2 asymmetry with
a speed slower than the mean flow. Likewise, numerical
simulations of Hurricanes Bob in 1991 by Braun (2002)
and Bret in 1999 by Nuissier et al. (2004) revealed a
wavenumber-2 asymmetry that rotated cyclonically
around the storm center at about half the speed of the
mean tangential wind, in agreement with the theory for
vortex Rossby waves. Unfortunately, due to the rela-
tively poor time resolution (30 min), it is not possible
to precisely relate the more complex trajectory of the
dynamic center with the rotation of the elliptic eye.
Nevertheless, the shift between the geometric and the
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Fic. 5. Horizontal reflectivity fields (step for the contours is 8 dBZ) at 1-km altitude in domains
of 100 km X 100 km centered on the ‘‘geometric center’” of the storm (denoted by crosses) at (a)
1022, (b) 1052, (c) 1122, (d) 1152, (e) 1222, (f) 1252, (g) 1322, (h) 1352, (i) 1422. Circles denote

the position of the ““dynamic” center.

dynamic centers seemed to be predominantly along the
major axis of the elliptic eye toward the region of high-
est reflectivity values. Unfortunately, the truncation of
the GB-V TD-derived winds at wavenumber 1 prohibits
any further analysis of the associated perturbations in
the wind field. It must also be outlined that, as discussed
in the appendix, the GB-EVTD analysis should aiasthe
probable wavenumber-2 component onto the symmetric
and wavenumber-1 fields.

Another interesting feature in Fig. 5 is the presence
of precipitation in the lower part of the eye, character-
ized reflectivity values greater than 16 dBZ. Although
one cannot not dismiss the possibility that they could
be radar artifacts, these features are similar to those
revealed by numerical simulations. Intheir study of Hur-
ricane Andrew (1992), Liu et a. (1999) found that,
below the ‘‘eye inversion layer” from 2- and 4-km
altitude, africtionally forced vertical circulation can in-
duce ascent of moist air at the center of the eye. In their

simulation of Hurricane Bret (1999), Nuissier et al.
(2004) found that mesovortices developing in the eye-
wall region were associated with the transport of pre-
cipitation inside the eye in the low levels. The reflec-
tivity contours protruding from the internal part of the
eyewall toward the eye at 1022, 1322, and 1422 (Figs.
5a,0,i) and the radar echoes near the storm center from
1252 to 1422 (Figs. 5f—i) are very similar to these sim-
ulated features.

¢. Quality of the GB-EVTD-derived winds

GB-EVTD analyses were conducted with the Doppler
data collected in La Réunion on 22 January 2002 for
35 rings of 3-km width around the storm center (0 <
p < 105 km) and 30 levels of 500-m depth (0 < z <
15 km). Three sets of scans were considered: 1022—
1122 (intermediate time 1052), 1152-1222-1252 (in-
termediate time 1222), and 1322-1352-1422 (inter-
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Fic. 6. Observed, GB-VTD-, and GB-EV TD-derived Doppler velocity values at 0.5° elevation, at (a), (b),
() 1022; (d), (e), (f) 1222; and (g), (h), (i) 1422.

mediate time 1352). It is to be noted that GB-EVTD
analysis could be conducted only for those rings where
Doppler data were available within an azimuthal sector
of more than 180°, which is an important limitation
considering the rather large distance (=70 km) between
the radar and storm center.

Before discussing the obtained results, it is necessary
to verify that the GB-EVTD analysis correctly repre-
sents the observed Doppler velocities. Figure 6 shows
examples of the observed Doppler velocities, those cal-
culated from (4) with the obtained D;, i = 1, 5 (here-
after referred to as GB-VTD Doppler velocities) and
from (2) with the obtained TR,,, m = 1, 6 (GB-EVTD
Doppler velocities) for 0.5° elevation at 1022, 1222, and
1422. It can be seen that, although the sm