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Tab.1 Doppler weather radar parameters

BRI BRI
] (Jbmt) E LR IINEl SN HJ ] E ) Pl El EN
2022/9/14 17:00 FHLI/VCP21 TUIVCP21 2024/9/16 02:00 M/ CP216 FH1I/VCP216
2022/9/14 18:00 FHli/vVCP21 TUIVCP21 2024/9/16 03:00 WM/ CP216 FHLI/VCP216
2022/9/14 19:00 FHli/VCP21 IR/ CP21 2024/9/16 04:00 I/ CP216 FHLIVCP216
2022/9/14 20:00 Frilivep21 IV CP21 2024/9/16 05:00 IBEIII/\VCP216 Fil1/VCP216
2022/9/14 21:00 FriliveP21 R/ CP21 2024/9/16 06:00 I/ VCP216 FH1I/VCP216
2022/9/14 22:00 FHliveP21 e/ vV CP21 2024/9/16 07:00 eI/ VCP216 FH1I/VCP216
2022/9/14 23:00 FHli/veP21 I/ CP21 2024/9/16 08:00 eI/ VCP216 FH11I/VCP216
2022/9/15 00:00 eI/ vV CP21 miL/vVCP21 2024/9/16 09:00 eI/ vV CP216 FH1I/VCP216
2022/9/15 01:00 HiliveP21 BiL/vVCP21 2024/9/16 10:00 FHili/veP1L RiiE/VCP1L
2022/9/15 02:00 FivVCP21 MiC/vVeP21 2024/9/16 11:00 FHI/VCP1L F43d/VCP1L
2022/9/15 03:00 Fi/vVCP21 FiE/VCP21 2024/9/16 12:00 FHHI/VCP1L R/ VCP1L
2022/9/15 04:00 FHHI/VCP21 B3/ CP21 2024/9/16 13:00 FHHI/VCP1L F§iE/VCP11

TE : VCP2L IR AL A 9 JZ 004, 40 5% 17 0.5°,1.5°,2.4° 3.4° .4.3° 6.0°.9.9° . 14.6°F1 19.5°, 42 i1 43 B4k 250 m; VCPLL kI AT
1324048, 20 FIAF % 0.5°,1.5° ,2.4° | 3.4° . 4.3° 5.2° 6.2° .8.7°,10.0° . 12.0° ,14.0° , 16.7°F1 19.5° , 42 [i] 43 W% by 250 m; VCP216 i 34 15
EA0f, 2r BI%HY 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°H1 19.5° , £ [ /3 W% 62.5 m,,
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Fig.3 Radial velocity field at 0.5° elevation observed by Zhoushan radar at 06:54 on September 16, 2024 (unit: m/s)
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Fig.5 Horizontal wind field (vector) distribution at a height of 200 m inverted by dual radars on September 14, 2022
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Fig.6 Horizontal wind field (vector) distribution at a height of 200 m inverted by dual radars on September 16, 2024
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Tab.2 Positioning of Typhoon "Muifa" and ""Bebinca"

= R/ IR G A EN XU i A S i S or 2353 i 22

22125 & WML 9114 H 178} 122.5°E.,29.2°N 122.48°E ,29.38°N 0.02°E .0.18°N(20 km)
9/ 14 H 188 122.5°E.29.4°N 122.44°E 29.48°N 0.06°E .0.08°N(10 km)

97 14 H 195 122.4°E,29.7°N 122.44°E 29.72°N 0.04°E,0.02°N(4 km)

97 14 H 201} 122.3°E,29.9°N 122.38°E29.91°N 0.08°E.0.01°N(8 km)

9 A 14 H 211 122.1°E30.1°N 122.19°E ,30.05°N 0.09°E.0.05°N(10 km)

9A 14 H 225} 122.0°E.,30.3°N 122.01°E,30.29°N 0.01°E.0.01°N(1 km)

9 14 H 238} 121.9°E.30.5°N 121.92°E ,30.54°N 0.02°E.0.04°N(5 km)

9/ 15 H 00} 121.8°E.30.7°N 121.81°E ,30.68°N 0.01°E.0.02°N(2 km)

9/ 15 H 01Hf 121.6°E 31.1°N 121.64°E 31.05°N 0.04°E ,0.05°N(7 km)

915 H 021} 121.5°E 31.2°N 121.42°E 31.28°N 0.08°E.0.08°N(12 km)

9 A 15 H 03 121.3°E 31.5°N 121.36°E .31.47°N 0.06°E,0.03°N(7 km)

9 A 15 H 04} 121.3°E 31.7°N 121.25°E .31.69°N 0.05°E .0.01°N(5 km)

24135 B R D135 9H 16 H 0211} 123.2°E.30.5°N 123.08°E .30.56°N 0.12°E.0.06°N(13 km)
916 H 03} 123.0°E.30.6°N 122.90°E .30.59°N 0.10°E.0.01°N(10 km)

9 H 16 H 04t 122.8°E .30.6°N 122.71°E .30.62°N 0.09°E.0.02°N(9 km)

9 /116 H 055} 122.5°E .30.7°N 122.48°E .30.71°N 0.02°E.0.01°N(2 km)

9 16 H 0615} 122.3°E.30.7°N 122.28°E .30.75°N 0.02°E .0.05°N(6 km)

9H 16 H 07} 122.1°E .30.8°N 122.07°E 30.86°N 0.03°E.0.06°N(7 km)

94 16 H 08#f 121.8°E.30.9°N 121.83°E.30.89°N 0.03°E.0.01°N(3 km)

9/ 16 H 098} 121.6°E.31.0°N 121.57°E 31.04°N 0.03°E.,0.04°N(5 km)

916 H 108} 121.4°E 31.1°N 121.39°E ,31.09°N 0.01°E.0.01°N(1 km)

9H 16 H 111 121.1°E31.2°N 121.15°E31.19°N 0.05°E .0.01°N(5 km)

9116 H 1215 120.9°E .31.3°N 120.96°E .31.27°N 0.06°E,0.03°N(7 km)

9A 16 H 131}

120.7°E.31.4°N

120.67°E.31.38°N

0.03°E.0.02°N(4 km)




60 i

D= TR 4 423

IS, 5 XU AN [F] g BE 0] RE H BEABTRE , JE 2
7 WO Bl 52 M ThT B 45 25 DR 350 ), L6 4y 1 3
IR, ST 52 0 B R PRI 45 2 o R, WUFR ik KU
S RE S IR X i SR R £ O Y 2 R R 2 2
BAEGNE , TR ZER/NHEE G KO- B s R 5
RS . 25 AT iA il XG5BTk
PEAT IR ST, REASCHE R b S e 1 5 IR o 1A i e
FRAE , IF ELIZ 5 2008 5 WS IR E A AT B i 2%
B AESE PRl 55 i 235 B A 4 (L

4 Bkt

D WIEFE X 22 A K I S AR AE S PR B
JRGE Ml 55 AT Fp B8 R, ASSOR il g L
T BRI L A DX 6 R 2 A R AR K
PEAT W 2H 5, AR OURR TR BRI AR &8, O e B I
B li b B XS, R T R 03 0 s AR
w18 W S AR T T R KUE AR AR . Z5ie i
LE

OFF XTI 5 KU T A 1) XU H B JEE A
A0 F9 TR R, A SR DX 30t U1 22 2% 38 M 50k
Xt BT R A 1) XU R A TR L AR AR B Ak B Y
) TR IR 5 5 L OUHAAT B OR T IR iR
k4 € DR TR e TE 1

QT A & K PR 20 B XU Ik, A
P =478 53 5 U5 A W2 B iy ik B X3 S i
PASEBE 5 AR E A, 1207 TR AT I 28 70 B3y |
SE RS MESE R A, RER A L S e 15 KURR 8 A e i
FHAE . BEAh , RSB AN AN ] LU 3205 12
TEANL B WAL R B E LA R R ZE D,
TESEFRl 55 TAEh R R S5 0 E .

XU i W37 18 72 v 35 2 T 4 I B S T e
M TR kA 1 X e o) B B s i & A 23
S PXE” BRGS0 PRI A T A, DRI 5
BALE TS oy 5 WOB B i IS K 5 WAE T e 7% 3l
o

AR S A 91 £ ARG S XX 30 AR AR
BN 1 AR R R FRPESS AR AN 2 1) 5 XU
TFFE o AR 23 BT VAN [R] 45 F F o B2 5 KUY
RS A SR ik — 2 B i 5k 143 P R v
Mo BEAb, XU B X S P A AR R o SO X

2 PEX G Bk, % I8 T air O
s GPUS D) M B , A 33 & LA B A 7 ik T
JEI A5 ) S, 9 53R PO J8E Rz B 28 e
UHE L, AR (001 55 Tl H A 3 20 L

Sk

[1] i, Al FP3R, 45 KU 5 i A2 B e L 7K
K 5347 [3]. T, 2023, 40(1): 91-100.

XUY W, WANG Q, LU Q, et al. Analysis of the intensity and path
of typhoon "Chanthu" and its impact on the precipitation in
Zhoushan[J]. Marine Forecasts, 2023, 40(1): 91-100.

[2] TG, 2%, JrEgng, 45 . 21065 5 KU UEAE” B AR SRR KRR 1
M1, MR, 2023, 40(3): 75-84.

XIANG S Q, HAN X, FANG H M, et al. The path and
precipitation characteristics of "In-Fa" in typhoon 2106[J]. Marine
Forecasts, 2023, 40(3): 75-84.

[3] ¥ By, BRAxid, AT, 25 2109 5 5 XU P 287 BRI BE R F S
T 25 43T [9]. W Fi, 2022, 39(3): 10-24.

ZENG J Y, LIN J G, YUY, et al. An analysis on the track and
intensity characteristics and forecast deviation of typhoon 2109
"Lupit"[J]. Marine Forecasts, 2022, 39(3): 10-24.

[4] #8, /g, BRI R P SR AR TR B2 IR 2 40T (3] K
SRFAR, 2022, 45(1): 22-29.

CHU M, LEI X T, CHEN G M. Analysis of "real" errors of tropical
cyclone track forecasts[J]. Transactions of Atmospheric Sciences,
2022, 45(1): 22-29.

[5] # R4, A, DRI . B U PRl S0 B A LR D). 90 T,
2001, 18(2): 30-38.

YANG C F, TAN J, XU H P. Tropical cyclone track forecast over
South China Sea[J]. Marine Forecasts, 2001, 18(2): 30-38.

[6] WMO. ZeBfeivit et i (I AV TR A SRS, WMO/TD-

NO.560)[M]. IR, & . Jbat: K4t ik, 1995: 71-72.
WMO. Global guide to tropical cyclone forecasting (World
Meteorological Organization, WMO/TD-N0.560) [M]. QIU G Q,
trans. Beijing: China Meteorological Press, 1995: 71-72. (in
Chinese).

[7] NEUMANN C J, PELISSIER J M. Models for the prediction of
tropical cyclone motion over the north Atlantic: an operational
evaluation[J]. Monthly Weather Review, 1981, 109(3): 522-538.

[8] VW JE, 225 . 2015 4F P AL AV FIRA U 15 XU B RFAIE K 322

XU Y L, HUANG Y W. The activity characteristics and forecasting
difficulties of tropical cyclones over western North Pacific and
South China Sea in 2015[J]. Journal of Marine Meteorology, 2017,
37(1): 31-41.

[9] VFme g, B ifglie, B Bt A5 i & XURR 3K A2 A 5 TR I IR 9T
[3]. KB4, 2006, 30(6): 1119-1128.



540 EWFE U T 5 W) R AR AE P3R5 i 5 KU 14 )05 23 A 61

XU Y L, JJAO MY, Bl B G, et al. The applied study of the
positioning method of a tropical cyclone over offshore using a
Doppler radar[J]. Chinese Journal of Atmospheric Sciences, 2006,
30(6): 1119-1128.

[10] ¥R e, Tk ¥y, wdn ke . 3R & KR 55 1Y BUR KB 25 []. <
%4, 2010, 36(7): 43-49.

XU Y L, ZHANG L, GAO S Z. The advances and discussions on
China operational typhoon forecasting[J].
Monthly, 2010, 36(7): 43-49.

[11] DVORAK V F. Tropical cyclone intensity analysis and forecasting
from satellite imagery[J]. Monthly Weather Review, 1975, 103(5):
420-430.

[12] SENN H V, HISER H W. On the origin of hurricane spiral rain
bands[J]. Journal of the Atmospheric Sciences, 1959, 16(4): 419-
426.

[13] GRIFFIN J S, BURPEE R W, MARKS F D JR, et al. Real-time
airborne analysis of aircraft data supporting operational hurricane
forecasting[J]. Weather and Forecasting, 1992, 7(3): 480-490.

[14] WOOD V T. A technique for detecting a tropical cyclone center

Meteorological

using a Doppler radar[J]. Journal of Atmospheric and Oceanic
Technology, 1994, 11(5): 1207-1216.

[15] TANAMACHI R L, BLUESTEIN H B, LEE W C, et al. Ground-
based velocity track display (GBVTD) analysis of W-band
Doppler radar data in a tornado near Stockton, Kansas, on 15 May
1999[J]. Monthly Weather Review, 2007, 135(3): 783-800.

[16] LIOU Y C, WANG T C C, LEE W C, et al. The retrieval of
asymmetric tropical cyclone structures using Doppler radar
simulations and observations with the extended GBVTD technique
[J]. Monthly Weather Review, 2006, 134(4): 1140-1160.

[17] 38, A58, 0 FUNE, &5 . T2 100 0 8 7 S A ) o 3 A A
T W E LRIFTE[D]. At UG43, 2024, 40(2): 189-197.
SUY, NI'Y, ZENG F H, et al. Offshore tropical cyclone locating
method for Fujian based on network Doppler radial velocity field
[J]. Journal of Tropical Meteorology, 2024, 40(2): 189-197.

[18] AR3LUH, SBHE AR, M . BORL R AL P 7 15 VAD KUST i 4 4
T[] B 5S4, 2012, 31(6): 1731-1738.

ZHU L J, GONG J D, LI Z C. Study on quality control of radar
VAD wind in data assimilation[J]. Plateau Meteorology, 2012, 31
(6): 1731-1738.

[19] WALDTEUFEL P, CORBIN H. On the analysis of single-Doppler
radar data[J]. Journal of Applied Meteorology and Climatology,
1979, 18(4): 532-542.

[20] K #HEE . B Doppler 3 B2 37 5 i U< 5373 1) VAP J5 75 [0]. A4
2F42, 1992, 50(1): 81-90.

TAO Z Y. The VAP method to retrieve the wind vector field based
on single-Doppler velocity field[J]. Acta Meteorologica Sinica,
1992, 50(1): 81-90.

241, 1997, 8(2): 219-223.

JIANG H Y, GE R S. A new retrieval technique for single-
Doppler radar[J]. Quarterly Journal of Applied Meteorology,
1997, 8(2): 219-223.

[22] £, ELH, NNEF . =428 53 J5 1 SO X i ROR A 9
[J]. FJE< 4, 2016, 35(4): 1087-1101.

WANG Y C, WANG H Y, LIU L P. Performance evaluation of
three-dimensional variation assimilation retrieval of wind field[J].
Plateau Meteorology, 2016, 35(4): 1087-1101.

[23] J5 W, wRak2e, WAGE, A5 . IR il A £ KOS Bl i XL
PP 3. TP T, 2024, 41(5): 99-106.

FANG K M, TAN Z A, CHEN L, et al. Application of multi-
source data fusion in identification of wind speed before and after
typhoon landfall[J]. Marine Forecasts, 2024, 41(5): 99-106.

[24] SMULL B F, HOUZE R A. Dual-Doppler radar analysis of a
midlatitude squall line with a trailing region of stratiform rain[J].
Journal of the Atmospheric Sciences, 1987, 44(15): 2128-2149.

[25] F 12, & A, BRPEA] . — R R I 5 0l it KU B4 0o

TSR W2y 3 3K s i — 4 XU 43 W 3], & R4, 2011, 30
(4): 1078-1086.
WANG J, SHENG R F, CHEN X L. Case study of bow echo,
severe convective storm and merger process II: analysis on three-
dimensional wind field retrieved by dual Doppler radar[J].
Plateau Meteorology, 2011, 30(4): 1078-1086.

[26] SR, EEM . ZA8E 3 8 H K [A)ARI = 2 X3 S 8 R B
[9]. 54, 2002, 28(9): 7-11.

ZHOU H G, WANG Y B. A retrieving system of three-
dimensional wind fields by multiple-Doppler radar[J].
Meteorological Monthly, 2002, 28(9): 7-11.

[27] XNEL, S B2, YT b, 55 . C U B &2 bt 2238 )y 7 35 W9 )

Aib BRI = 47 43 A3 S iy W AR 0] KRR, 2005, 29(6):
986-996.
LIULP MOY Q, SHA X S, et al. Radar data processing and a
variational algorithm for 3-dimensional wind field retrieval by C
band bistatic radar network[J]. Chinese Journal of Atmospheric
Sciences, 2005, 29(6): 986-996.

[28] Bezitd, HRZAME, B %k . FH W 6 R FOR X — ik & Wi
S5RGBT 1. ¥ 4&, 2010, 29(1): 187-196.

DUAN Y X, SHAO A M, YANG Y. Analysis on three-dimension
wind fields for a typhoon process using dual-Doppler radar[J].
Plateau Meteorology, 2010, 29(1): 187-196.

[29] CHA T Y, BELL M M. Comparison of single-Doppler and
multiple-Doppler wind retrievals in Hurricane Matthew (2016)[J].
Atmospheric Measurement Techniques, 2021, 14(5): 3523-3539.

[30] FELDMANN M, JAMES C N, BOSCACCI M, et al. R2D2: a
Region-based Recursive Doppler Dealiasing algorithm for
operational weather radar[J]. Journal of Atmospheric and Oceanic
Technology, 2020, 37(12): 2341-2356.

[31] SHAPIRO A, POTVIN C K, GAO J D. Use of a vertical
vorticity equation in variational dual-Doppler wind analysis[J].



62 WO W 423

Journal of Atmospheric and Oceanic Technology, 2009, 26(10): vorticity constraint in variational dual-Doppler wind analysis:
2089-2106. tests with real and simulated supercell data[J]. Journal of
[32] POTVIN C K, SHAPIRO A, XUE M. Impact of a vertical Atmospheric and Oceanic Technology, 2012, 29(1): 32-49.

Application analysis of dual Doppler radar wind field inversion technology in
two typhoons landing in Shanghai

JIN Yan', GUAN Li*", GUAN Liang’®, YU Jiali*, CHEN Saihua*
(1. Shanghai Meteorological Centre, Shanghai 200030, China; 2. Shanghai Marine Meteorological Center, Shanghai 200030, China)

Abstract: This article explores a method for locating typhoon centers near Shanghai using a dual Doppler radar
wind field inversion technique based on three-dimensional variational data assimilation (3DVAR). Initially, the
Region-based Recursive Doppler Dealiasing (R2D2) algorithm is employed to correct radial wind field deblurring
for single radar. Subsequently, the two nearest Doppler weather radars are selected to collaboratively invert the
gridded wind field using 3DVAR, and thus carry out high-frequency positioning of the typhoon center. The
research results demonstrate that the 3DVAR dual radar wind field inversion method effectively captures the
circulation structure of typhoons, while also featured by high spatiotemporal resolution and precise positioning.
The typhoon positioning results derived from 3DVAR method have a small deviation from those provided by the
Central Meteorological Observatory.

Key words:typhoon positioning; Doppler radar; wind field retrieval; 3DVAR



