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1. Introduction

In the course of developing a nowcadting sysem SWIRLS (Short-range Warning of
Intense Raingorms in Locdized Sysems) for raingorm monitoring and rainfdl prediction, a
cross-corrdation agorithm caled TREC (Tracking Radar Echoes by Corrdation) was adopted
to track echo movement between tvo consecutive radar imegearies (Lai et d., 1999). The
technique was firgt usad to determine the movement of the entire sorm dugter (Hilst and Russo,
1960; Kesder and Russo, 1963; Crane, 1979; Bjerkaas and Forsyth, 1980). With the
avalability of higher resolution radar deta, this technique was extended to retrieve the individua
moation vectors of embedded storm cdls (Rinehart and Garvey, 1978; Rinehart, 1979; Smythe
and Zrnic, 1983; Tuttle and Foote, 1990).

Themain advantage of usng corrdaion method is that the computation is not tedious,
requiring only information from one single radar a two different observation times. Although the
derived mation fidd is essentidly two-dimengond in the horizonta and does not include strong
vetica mation normaly expected in convective doud systems, the gpproximation should be
good enough given that the effect of horizonta advection should be more pronounced if only
short-term motion is consdered.

Although the primary interes of TREC is intense convection embedded with
mesoscale weether systems, a bonus by-product emerged as the agorithm was tested out in an
operationd environment. This short paper documents three prominent cases in which TREC
made its mark in topica cyclone obsarvation — from Typhoon Victor in 1997 when the
prototype TREC was gill under development in the research laboratory, through a week
tropicd depresson in 1998 when TREC was under operationd trid, to Typhoon Maggie in
1999 after TREC, as pat of SWIRLS, was fully implemented for forecasting operation a the
Hong Kong Observatory.

2. Demongration of TREC Capability
(@ Typhoon Victor (August 1997)

Figure 1 showstheradar reflectivity petterns at 18:54 and 19:00 HKT (Hong Kong Time)
on 2 August 1997. Fgure 2 shows the TREC output, as derived from the two reflectivity
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patterns in Hgure 1, after a 3-pass objective andysis with interpolated wind vectors
inserted to pixeswith no reflectivity returns.

Figure 1— Reflectivity patterns of Victor on 2 August 1997: (a) at 18:54 HKT; (b) at 19:00
HKT.
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Figure 2 — TREC-analyzed wind field of Victor from the reflectivity patterns shown in
Figures 1a and 1b.

Page 2



At the time, the rdiability of the TREC dgorithm was dill very much under scrutiny. The
close gpproach of Victor provided a perfect opportunity to test the dgorithm. The
andyzed output was conggtent with what one would expect in the wind sructure of a
northward moving cydone.  The computed wind strength was of the correct order of

megnitude. The location of the TREC-andyzed dirculation centre agreed well with those
obtained from radar, satellite and surface observeations. Even the asymmetry in terms of

stronger southerly winds on the eastern sector as compared to the weaker northerly winds
on the western haf was well depicted.

The whole reflectivity pattern was then extrapolated using the semi- Lagrangian integration
scheme (Staniforth and Cote, 1991) to produce forecast reflectivity patterns & 6-minute
interval. FHgure 3aisthe predicted reflectivity pattern after one hour of forward integration.
It compared well with the actud obsarved reflectivity fied shown in Hgure 3b, despite the
fact that the echoes had undergone changes in intengty in the interim As an gpplication
tool, it vindicated the use of TREC as abadsto make short-term forecasts, epecidly
when advection was the dominant factor in Stuations such astropicd cycone rainbands.

(b)

Figure 3— (a) One-hour forecast reflectivity pattern valid at 20:00 HKT on 2 August 1997,
(b) Actual observed reflectivity pattern at 20:00 HKT on 2 August 1997.

(b) Tropica Depresson (September 1998)
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The ussfulness of TREC in tropicd cycone andyss was further demondtrated in the case
of atropica depresson on 12 September 1998. The system had an extensve but poorly
organized drculaion and, in dl probebility, with multiple low-leve drculaion centres as
wdl. While mogt of the warning positions were located further to the south, asmdler scde
vortex much doser to the coast gppeared for a short time on the radar screen that evening,
as suggested by the TREC winds (Figure 4). In fact, the history and continuity of this weak
secondary centre could be traced from the visble satellite imegeries earlier in the day
(Figure 5). The presence of a transent vortex was condgstent withwind reports from the
coadtdl gations in southern China

Figure 4 — TREC analysis at 19:18 HKT on 12
September 1998, suggesting a weak circulation centre
within 200-km range cirle in the southeastern quadrant.
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Figure 5 — GMSS5 vsible satellite imageries on 12 September: (a) at about 10 a.m. HKT and
(b) at about 2 p.m. HKT. A low-level centre appeared to be drifting westwards to the southeast
of Hong Kong.

(c) Typhoon Maggie (June 1999)

() (b)

Figure 6 — (@) TREC-analyzed wind field (128-km range) and (b) dual-Doppler wind field (42-km
range) of Maggie at 03:36 HKT on 7 June 1999.

By the time TREC became operationd in April 1999, anew Doppler radar had aso been
inddled a Ta Mo Shan, the highest pesk in Hong Kong.  In tandem with the old Doppler
radar at Tat€'s Carn located about 10 km to the eadt, a dud-Doppler wind fidd was
derived when Typhoon Maggie passed between the two radars in the early hours of 7 June
1999. This provided a perfect opportunity to vaidate TREC wind andyss
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Dua-Doppler winds werein generd stronger than TREC winds, though both were of the
same order of megnitude. The former, applied to a amdler arealocaly (i.e 42-km range),
gave a smoother fidd with a dreulaion centre in agreament with thet observed from the
AWS (Automatic Wegther Stations) surface data. TREC fidd wasin comparison lesswell
defined near the core of Maggie and the deduced circulation centre tended o shift dightly
southwards. The problem could be partly due to the difficulty in maintaining continuity in the
tracking of individud radar echoes as the rain ddls drifted over the hilly terrain of Hong
Kong.

3. Discussion

As a nowcadting tool, TREC Ias proven its worth in the estimation of radar echo
movement and forms the basis for quantitative precipitation forecast in SWIRLS. Operationd
experience 0 far has shown that rainfdl forecads in the firs couple of hours with TREC input
are generdly acceptable when advection is the dominant mechanism, as is often the casein
tropica cyclone rainbands.

But increasingly, forecasters dso like to refer to TREC andysis for monitoring tropica
cydone winds and for pogtion fixing. While TREC is undoubtedly a ussful supplementary
information source, it has not been specificaly desgned for operationd tropica cyclone
wanings  Applicability and rdiability of TREC for such purposes are subject to a more
comprehensve sudy in which TREC andyses in he case of Maggie will be compared with
results obtained from other observationd platforms, induding those from wind profilers and the
conventiond upper-air sounding. Questions that need to be addressed include: interpretation of
TREC winds as 6-minute (i.e. time between two successive radar scans) averaged vectors
agang other more conventiona bases such as 1-minute or 10-minute means, echo growth and
decay that may complicate or contaminete the TREC andys's, the trestment (or the lack of it) of
the trandaiona component in tropicd cycdone mation within the TREC andyds, ec.

Whileit isdways difficult to vaidate without the convenience of ground truth, it isaso
highly unlikdly that absolute truth will come from one sngle method. In dl probability, TREC,
together with dua-Doppler technique and other observationd input, will in future form part of an
operationa andyss package. Because of the short separation distance between the two
Doppler radars in Hong Kong, the ussfulness of dual-Doppler andysis will be confined to a
limited range. In contrast, TREC has a larger effective range though it may suffer locdly
because of the disruptive influence of orography. The chdlenge is to assmilate, reconcile and
optimize the information derived from such different sources into a physicaly meaningful picture,
probably in the context of a numericd firg-guess and re-andyds, and thereby paving the way
for routine mesoscae andys's in the monitoring and prediction of tropica cyclones ard other
severe weather sysems.
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