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Abstract. Doppler radar observations of tropical cyclone (2000) have shown that, through the “Ground-based Velocity
Dina, as its eye passed at less than 100 km from the northfrack Display” (GB-VTD) technique, itis possible to deduce
ern shores of La Bunion island (21S, 55.8W), are ana-  a plausible and physically consistent three-dimensional pri-
lyzed using the Ground-Based Extended Velocity Track Dis-mary circulation of a landfalling TC using a single ground-
play (GB-EVTD) technique. The obtained results reveal thebased Doppler radar. However, the GB-VTD — derived wind
presence of strong swirling winds-60 ms!) at 2 km alti- description is not complete since only the symmetric part of
tude. A significant change in the location of the maximum the radial wind component can be obtained. In this paper,
winds in the low levels during the period of observations is we show that the ground-based version of the extended VTD
probably related to the veering propagation of Dina and to(EVTD, Roux and Marks, 1996) method — GB-EVTD — can
the influence of the high topography of the island. alleviate this limitation.

The case study presented here concerns Doppler radar ob-
servations of tropical cyclone Dina near L&udmion island
in the southwestern Indian ocean, on 22 January 2002. Sec-
tion 2 summarizes the principles of GB-EVTD, Sect. 3 gives
Tropical cyclones (TCs) are threatening meteorological phe-2 brief summary of Dina’s evolution and propagation from
nomena for islands and coastal regions in the Tropics. Thes&b6 till 26 January 2002, Sect. 4 presents the main results ob-
perturbations are “warm-core” vortices where the strongestained from the GB-EVTD analysis of the Doppler data col-
swirling winds occur in the lowest levels at some distancelected between 09:52 (all times UTC, local time is UTC+4)
from the storm circulation center. In addition to wind dam- and 14:22, and some perspectives are discussed in Sect. 5.
ages, heavy rain cause floodings especially in mountainous
regions, while high ocean tide and strong waves sweep the
shores. Dedicated observations with instrumented aircrafty  The GB-EVTD analysis
dropwindsondes, radar, satellites, as well as numerical mod-

els at various spatial resolution have provided valuable in-The \vTD and EVTD analyses (initially developed for air-
formation on TCs. However, apart from geostationay sately,orne Doppler observations of TCs, Lee et al., 1994) con-
lite images, real-time data on TCs are relatively scarce andgjger a decomposition of the horizontal wind in the inner core
even when the storm center is at relatively close distancgegion of TCs into circular harmonics supposing that (i) the
(<100 km) from the threatened area, itis very difficult to es- 4jr particles follow close streamlines around the storm center
timate the wind intensity and its spatial distribution around and, (ii) the lowest harmonics of the wind components are the
the storm. . most energetic ones. Within a ring of given width and depth
Ground-based Doppler radars are essential tools to obyt g radial distance and an altitude z from the storm cen-

serve mesoscale precipitating systems and, in addition to progy at surface, tangentiakVand radial \k wind components
viding information on rain intensity, they can be of great help g pe written as:

to estimate the wind structure of TCs. Lee et al. (1999, re-
ferred to as LJCD), Lee and Marks (2000) and Lee et al.vT =To+ Ty cos®+ Tosin® + er (nd,n > 1)

1 Introduction

Correspondence tdr. Roux (frank.roux@aero.obs-mip.frf) Vg = Rg + Ry cos® + Rosin® + eg (n®,n > 1) Q)
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It can be deduced from LICD that a modified Fourier anal-
ysis of the Doppler velocities in (2) as a function ®fand
d (the distance between the radar and the considered point)
provides 5 independent values;JD
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west wherel is the distance between the radar and the storm cen-
- ter, v the angle between the East and the direction of the
Fig. 1. Geometry of the GB-EVTD analysis. storm center as “viewed” from the radar (see Fig. 1). Since

there are less available information (5 Ehan unknown val-

ues (3 Tand 3 R), some assumptions must be made to solve
whered is the azimuth relative to the storm circulation center the problem. LJCD choose to neglect the wavenumber 1
(0 is eastward® increases counterclockwise, see Fig.cy). ~ component of the radial wind (Rand R). This leads to an
andeg denote contributions from higher wavenumbers. ~ overdetermined system of 5 equations with 4 unknowgs (T

Once corrected for elevatigh of the radar beam, hydro- T1, T2, Ro) which can be solved in the least-square sense.

meteor fallspeed’,, which can be estimated from the radar ~ Our approach follows the same philosophy as EVTD
reflectivity values (we use the same relations as Gamache gRoux and Marks, 1996): the availability of N successive
al., 1993), and storm motion (westefll, and southerly/q, radar sequences with different valueshoéndI (resulting
determined from the successive positions of the storm centefrom TC motion) allows the 6 unknown values; @d R) to
see below), the Doppler radial velocitihop measuredina  be deduced from a series of N sets of)(de. Nx5 equations
TC with a ground-based radar can be written as: (3). However, for this method to be efficient, two conflicting
conditions must be satisfied:

1
VDOP* = — (VDOP — Vp sinﬂ) — Uo CoOs o — Vo sin «v
?Osﬁ ' (i) the values ofy andI” must be as different as possible
= Vrsin (® — a) + Vg cos (® — a) Tosin (¢ — a) for the N sets of (F) to be linearily independent, which
=Tosin (P —a) + TicosPsin (P — o) + To favours large time intervals (or fast TC motion) between
sin @ sin (@ — ) Rg cos (P — «) + R cos D cos the successive radar scans,

(® — ) + Rpsin @ cos (2 — o) @ i) this time interval must however be small (or storm evo-
whereq is the radar-relative azimuth (0 is eastwandin- lution must be slow) so that the (&nd R) wind com-
creases counterclockwisg)the elevation with respect to the ponents do not vary too much during the series of radar
horizontal. In the following, Yop* will be simply referred scans.
to as \bop. Hence, 6 unknown values (&nd R) have to Here, series of 2 or 3 radar scans separated by a maxi-
be calculated for each ring at a given radiufsom the storm mum interval of 1 h have been considered, with differ-

center and at a given altitude z above mean sea level (MSL). ~ ences of 5-10in v and 0-10kmirT".
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Fig. 2. (a) Trajectory of Dina in the southwestern Indian ocean from 17 till 26 January 2002 (fre#oMrrance)(b) location of Dina’s
center between 09:52 and 14:22 on 22 January. The dashed line contour is the limit of the Doppler scanning area with the radar close to the
northern tip of La Runion, shadings represent increasing altitudes (500, 1500 and 2500 m MSL).

3 Tropical cyclone Dina tropical depression.

Dina formed on 16 January 2002 from a large region of
strong convection east of Diego Garcia island, neaWwe

8°S (Fig. 2‘?‘)' On the 17f[h’ it be_came e_ltropical delzpressionio volumic scans at 130-km range have been conducted
then a tropical storm while moving rapidly-Q0ms ) to- . with the Méteo-France operational Doppler radar located at
ward southwest. On the 18th, Dina was upgraded to tropica 0.89'S, 55.42W, 750 m MSL, every 30 min from 09:52 to
cyclc_)ne and it displayed a well-defined eye whil_e_ ItS Prop- 14:95 yTC on 22 January 2002 (Doppler data at 09:52 and
ahgatlonhspeed slloweg down FO 6_f7T:S It Iﬂter?shlfled_on 10:52 were corrupted). The radar antenna and radome were
the ;gt and_ during the mornmg of the 20th wit EESt'mawdswept away by a strong wind gust at 14:50 and no data are
maximum W'nds of about 70ms and surface pressure of 5 Jiapie afterwards. As seen in Fig. 1b, due to the steep to-
910 hPa. During the afternoon of the 20th, the 21st and Zzndpography of La Runion, with the highest peak -tén des

surface wind and pressure \_/arled fr(_)m 60 tf) GSFnand Neiges —at 3069 m, radar data are unavailable in the southern
from 910 to 920 hPa, respectively, while the direction of mo- quadrant (115-230from north).
tion changed to west-southwestward. The storm center for each scan has first been determined
Dina's eye went at closest distancec}@30km) from a5 the geometric center of the eye region, characterized
La Reunion on the 22nd between 10 and 18 UTC (Fig. 1b).py low (<20dBZ) reflectivity values. Although the so-
Strong winds (40 to 70 ms), heavy rain (500 to 1500mm)  determined propagation speed remained nearly constant (6.0
and flooding, high swell (6 to 9 m) have caused major deva+tp 6.3ms!, in agreement with the large-scale estimate), its
stations in the northern half of the island. Dina was one ofdirection changed substantially (from%3® 90°) during the
the strongest cyclone observed in LaRion since 40 years, considered period. Such a situation has already been ob-
and the extent of the damages can also be explained by its rekerved for tropical cyclones passing at a relatively close dis-
atively SlOW motion. The estimated cost iS over 10 Mi"ions tance from La Eunion and is probab|y related to Orographic
of Euro and it will take months before the damaged infra- influence.
structure (roads, power and telephone lines, ...), industries, GB-EVTD analyses were conducted with these Doppler
farms, buildings, houses, ... will be rebuilt. data for 35 rings of 3 km width around the storm cenées(
Then, Dina’s trajectory changed to southwards and its in-p < 105 km) and 30 levels of 500 m depth & z < 15 km).
tensity decreased rapidly: 55mg925hPa on the 23rd at Three sets of scans were considered: 10:22-11:22 (inter-
00:00, 45 ms /955 hPa on the 24th, 25 m¥985hPaonthe mediate time 10:52), 11:52—12:22—-12:52 (intermediate time
25th, after which it became strongly asymmetric and was car412:22), 13:22-13:52—-14:22 (intermediate time 13:52). First,
ried along the westerly mid-latitude circulation as an extra-it is to be noted that, due to the relatively high altitude of

4 Doppler radar observations
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Fig. 3. Mean radial and vertical distribution of radar reflectivity (left column), tangential (middle column) and radial (right column) wind
components for the composite analyses at 10:52 (upper row), 12:22 (middle row) and 13:52 (lower row). Steps for the contours are 6 dBZ
for reflectivity, 6 ms ! for tangential wind and 3mg for radial wind. Coordinate system is positive eastward and northward with its origin

at the location of the radar (20.89, 55.42E).

the radar and the (®5elevation of the first scan, the lowest physical meaning. Hence, the mean radial and vertical distri-
level where GB-EVTD — derived values could be retrieved is bution of reflectivity was derived from the azimuthal average
1.5km. Also, GB-EVTD analysis could be conducted only of the estimated precipitation content (then retransformed in
for those rings where Doppler data were available within andBZ) for various radii and altitudes around the storm cen-
azimuthal sector of more than 180 ter. Since reflectivity data were not available throughout a

No GB-EVTD analysis was attempted for reflectivity since 360° azimuthal sector for all the considered radii and alti-
(i) this is a logarithmic quantity which cannot be added, andtudes, these mean values could differ slightly from true az-
(i) the negative values which could result from GB-EVTD imuthal means. The observed structure (Fig. 3, left column)
analysis of reflectivity-derived precipitation contents (using iS characteristic of an intense tropical cyclone with low val-
the same relations as Gamache et al., 1993) would have ndes 20 dBZ) in the eye at radii smaller than 30 km, strong
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Fig. 4. As in Fig. 3, except for an horizontal cross-section at 2 km altitude.

(up to 40dBZ) and elevated (6 dBZ limit up to 12—13 km al- mean radial wind was mostly outwards (up to +9ms ex-
titude) ones in the eyewall region at radii between 30 andcept at 13:52 with weak inflowx-3 ms~!). The main inflow

80 km, slightly weaker and more stratiform values at radii feeding the inner core region of tropical cyclones is known
larger than 80 km. The presence of low, but significant, re-to occur in the lowest levels<(1-2 km altitude, e.g. Liu et
flectivity values in the eye could be an indication of a fric- al., 1999) which were unfortunately inaccessible because of
tionnally forced vertical circulation below an eye inversion radar altitude and first-scan elevation.

layer (Liu et al., 1999). Some changes occured with time. From 10:52 (upper row
The mean circulation is deduced from the GB-EVTD —de- in Fig. 3) to 13:52 (lower row), the mean tangential wind
rived wavenumber-0 (symmetric) tangentigl (Fig. 3, mid-  increased substantially and a secondary maximum appeared

dle column) and radial R(Fig. 3, right column) wind com- in the outer part of the domairp (>100 km). Meanwhile,
ponents. The strongest tangential winds are found in théhe main outflow region moved from the inner part of the
eyewall region, with maximum values larger than 55™s  domain §0 < p < 60km) at 10:52, to the outer part
Except in the eyed <30km), the mean tangential wind is (70 < p < 90km) over the whole altitude range at 12:22,
everywhere larger than 35m5 up to 11 km altitude. The then in the upper part Z8 km) at 13:52. Such an evolution
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differs from the “eyewall replacement cycle” (Willoughby et sible to estimate the potential temperature perturbation, and

al., 1982) during which reflectivity and tangential wind in an surface pressure through the hydrostatic equilibrium.

inner eyewall decrease while those in an outer eyewall inten- A complementary approach is high-resolutiog2(km

sify with associated changes in the outflow patterns. Herehorizontally) numerical simulation. Nuissier et al. (2002)

there is no sign of a decrease of the radial distances of thedeave shown that it is possible to initialize a non-hydrostatic

eyewall regions as it is frequently observed in tropical cy- nested model with a combination of operational large-scale

clones undergoing such a cycle. analysis and a bogus vortex derived from Doppler radar ob-
The horizontal distribution of radar reflectivity, tangential Servations. Such a technique will be used to study more

and radial winds at 2 km altitude is shown in Fig. 4. High Precisely the structure and evolution of Dina on 22 January

reflectivity values £40dBZ) and strong tangential winds 2002. An interesting application will be the analysis of the

(>60-65ms1) are found in the eyewall region. The esti- interaction between the cyclonic circulation and the steep and

mated wind speed over La&Rnion (near {,0) in Fig. 4)  relatively complex topography of Laéinion.

is 54-58 ms! at 2 km altitude, which corroborates the ob-

?er}[/erd }/altl;]es gf r?0|;7ol ms t?tnsu][face rLev)iIr.n 2 Cv?rt'ilibl'ein vided by a INSU/PATOM grant. Thanks are due to MM. Mayoka
€ature IS the changing localion of the maximu S 1M and J. Quillet from Mteo-France for their cooperation in providing

the southern quadrant at 1(_):5_2, the eastern one a}t 12:22, thRa radar data.

northern one at 13:52. This is correlated with slightly de-

creasing reflectivity values south of the eye and increasing
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