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Abstract The Doppler radar radial velocity field near a tropical cyclone center, which has characteristic of approxi-
mately axisymmetric distribution or Rankine vortex, has a particular dipole pattern distribution feature. On the basis
of the distribution feature and the hypothesis about the radius of maximum wind (RMW) within the circulation of a
tropical cyclone, a lot of methods are designed to decide a tropical cyclone center with the pattern recognition tech-
nique. The aim of the applied study in operational tropical cyclone monitoring is to establish some objective positio-
ning methods for the center of a tropical cyclone using a single Doppler radar radial velocity. So the two methods
have been chosen to detect and estimate the center of a tropical cyclone over China offshore. They are the Geometric
Axisymmetric Center Positioning Method (GACPM) and the Velocity Distance Azimuth Display Positioning Method
(VDADPM), respectively. The former decides the position of a tropical cyclone center using directly the Doppler
radar radial velocity field, the latter does the position using the product (V, X D) of the Doppler radar radial velocity
value (V) and the distance from observation site to radar center (D). Using the Doppler radar radial velocity data

simulated by Rankine combined vortex, observed by a Doppler radar and typhoon yearbooks, a series of simulated
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and actual tests are carried out for the two methods. The result shows that the errors of the two methods in simula-

ted tests are below 0. 5 km and those of radial maximum wind are below 0. 12 km. Compared to the best operational

track data, the errors of the two algorithms in actual tests are below 3 =13 km, sometimes those are below 3 km. So

it is feasible to decide the center of a tropical cyclone near with the data of a single Doppler radar radial velocity in

operational tropical cyclone positioning. The positioning results of the two methods are of important reference and

guidance in operational tropical cyclone forecasting and warning.

Key words typhoon center, Doppler radar, radial velocity, objective positioning method
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Fig. 1 The radar echo structure of a typhoon eye: (a) Two concentric eyes; (b) circular eye; (c) elliptic eye
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Fig. 2 Asin Fig. 1;: (a) Semi-circle eye; (b) bursting eye; (c) irregular eye; (d) without an eye
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Fig. 3 The single Doppler velocity pattern of an axisymmetric

typhoon vortex (Adopted from reference [7])
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Table 1 The position and the errors (km) of the radius of maximum wind (RMW) in the simulated test
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Table 2 The position errors and the radius of maximum wind in the actual test
I S 7 6 s R 1 IRGE DO/ WA VAES
VDADPM GACPM
e SO T e HEES S5
Time Real-time center Result of test Error Result of test Error RMW/ ke
0000 UTC  (25.5°N, 123.1°E)  (25.53°N, 123.13°E) ~ (0.03°N, 0.03°E)  (25.52°N, 123.10°E) (0. 02°N, 0. 00°E) 33.70
0100 UTC / (25.52°N, 123.03°E) / (25. 48°N, 123.00 °E) / 36. 02
0200 UTC / (25.47°N, 122.98°E) / (25.42°N, 122.91°E) / 31. 62
0300 UTC (25.5°N, 122.8°E)  (25.38°N, 122.84°E) (0. 12°N, 0.04°E)  (25. 38°N, 122.87°E) (0. 12°N, 0. 07°E) 33.11
0400 UTC / (25.38°N, 122. 75°E) / (25.38°N, 122. 76°E) / 31. 95
0500 UTC / (25. 33°N, 122. 67°E) / (25.37°N, 122. 68°E) / 32.23
0600 UTC  (25.4°N, 122.6°E)  (25.32°N, 122.59°E)  (0.08°N, 0.01°E) ~ (25.35°N, 122.57°E) (0. 05°N, 0. 03°E) 32.06
0700 UTC / (25.31°N, 122.53°E) / (25. 25°N, 122.50°E) / 30. 79
0800 UTC / (25.23°N, 122. 47°E) / (25. 24°N, 122.47°E) / 34.02
0900 UTC  (25.2°N, 122.4°E)  (25.12°N, 122.47°E)  (0.08°N, 0.08°E)  (25.13°N, 122.44°E) (0. 07°N, 0. 04°E) 29. 26
1000 UTC / (25.09°N, 122. 34°E) / (25. 06°N, 122. 33°E) / 25.31
1100 UTC / (25.06°N, 122. 27°E) / (25.04°N, 122. 20°E) / 20. 89
1200 UTC  (25.0°N, 122.2°E)  (25.04°N, 122.12°E) ~ (0.04°N, 0.08°E)  (24.99°N, 122.17°E) ~ (0. 01°N, 0. 03°E) 19.73
1300 UTC / (24.91°N, 121. 98°E) / (24.99°N, 121. 93°E) / 8.22
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Fig. 4 The simulated Doppler radial velocity V. (a, b, ¢, d, ) and V. XD/Dcr(f, g, h, i, }): (a, {) No environmental mean flow; (b, g)
westward environmental mean flow (V=10 m/s, 0m=180"); (c, h) eastward environmental mean flow (Vyi=10 m/s, 0u=0"); (d, 1)

southwestward environmental mean flow (V=10 m/s, u=135%); (e, j) southeastward environmental mean flow (V\y=10 m/s, =45 °)
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Fig. 5 The observed Doppler radial velocity V,(a, b, ¢, d, e) and V. XD/Dcr(f, g, h, i, )): (a, ) 0000 UTC; (b, g) 0300 UTC; (c, h)

0600 UTC; (d, 1) 0900 UTC; (e, ) 1200 UTC
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Fig. 6 The radar echo images of typhoon Nari on 16 Sep 2001 (from Taiwan Province Meteorological Bureau, China)
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