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Fig. 1 Scanning coverage areas, radial wind velocities after sparsening processing, and the median velocities at

different heights of S-band Doppler radar and X-band Phased Array Radar, as well as the track of TC Saola
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Fig. 2 Numerical forecasting model domain configuration

and schematic flowchart for different experiments
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Fig. 4 Increments of SX(all), SX(=4 km), SX(>>4 km) relative to S,

and box plot of the difference between speed observed by X-band Phased Array Radar and analysis speed (O-A)
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Fig. 5 Track, intensity and corresponding errors in different experiments
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Fig. 6 Sea level pressure with 10 m horizontal winds, along with vertical cross sections of the analyzed horizontal wind

speed across the simulated TC center in different DA experiments at 21:00 UTC 1 September, 2023
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Fig. 7 Variations of the maximum horizontal wind speed with time and pressure in different DA experiments

5 7 PRSI KGR EAR AL, SX alD |
SX(<<4 km) Jz SXC>4 km)#8 SIRIGAHH T AN A 55
1A Y TC S/ M 308 B (UL 8), JHorfr, SX(alD
I SX(<4 k) 78 17 B 30 43 (UTO) i T8 12 P B 45
SR A S TR PN e I 38 B Tl 2 B s SX (>4 k)
oo/ B e BE AR AG LB 8 MR TR 201 45 min J5 R 30,
ZIREE 500 hPa S DL = 8 4 e 1 19 d5e /M 35
BETF 17 B 45 20 (UTOAR T SX (=<4 km) H1EY X 45
B HZE 18 W (UTCO)TE 300 hPa K LI i 8 45 1k i vp
B T AR A SR/ M FE B, A 19 B (UTO) A,
SX (>4 km)7E 925,850 J 700 hPa 55 s i HPAR UL )
IV FE SX (K4 km) 45 A ) 22 SN B
5 gpm VAP, HAE 20 I (UTCO) J7 » SX(<<4 km) 7E ik
S 1T A e/ M B BT SX(C>4 km) 2
TE 500 J 300 hPa fm FE (945 T 1=, SX(C>4 k) $AIK IR
B/ MR FEAERR 2 20 B 15 43 (UTCO) . [ 20 B 30 43
(UTO) 2, SX(<4 km) 7E 925~300 hPa %5 K - HA4H
B SX(C>4 ko) Xof B 45 FE A . H B E2IE SX(alD (1 fie/)h
PrgEsEE LR 7, ZERCH 0 BF(UTC) , SX(<4 knm) 5
SX(alD7E 925,850,700 hPa %5 K i _F (R /My 3 iy

FEEAM R 9. 5.9. 1 % 13. 0 gpm. XK SXC>4 km) %
P55 23.97%.23. 92% 1 38. 05 %, B SX(<4 km)
5 SX(alD 7EHS58 rP L2 TC SR 375 B 5 1 2 AT 254%
PE, RGN, FEHRPI, K 4 km DL R X
P BETE IR AR ) KU X 3 5 TC SR ik i HoA
T 5 A 0 PR TR A 64T, S 4 km DUF A X
W B TR IB AR M KT TC S A 52 I i i K. 7E i
PETURIG ) 3 h )5 X BB iR S 4 km DLUF 8
PR TC AR i B B 3 22w, Hox p k2
TC AR 5 A3 B Y Xk B iy i 42 ] RS At

FHEAN SRE AR LR Fk—E Rk X B R AR
1] XUBR I 7 0 PR TR D 30 0 3 0 1 TC A B0 o
FEOLE 9, iz 5E 3 FEE R —2, SX(>4 km)
5 SX(alDF 17 i (UTC) & 18 B (UTC) £E 500 hPa
PAE g KAV IR S M 15 K 58 6] B s ] B N
SX(=4 kn) 1 12 K By RA7 IR EE - BEE PR I R4
1, SX(>4 k) ARG BE L5 B2 H 18 B 30 43 (UTO)
5 SX(=<4 km) Z5 510 22 B /N, H 3 140
TR 22 78 1 K DA Horpr, SX(C> 4 km) I8 7



36

O W R

2

22

(14 20254

20 BFHCUTO T 500 hPa LA b 7 B 17 L I SF U 55
% 8 KT SX(<4 kn) FTAYZE IR 76 22 BF (UTO) ,
SX(>4 km) 5 SX (<4 km) 8481 7 AH 8] B9 457 15 BE
L R A AR BU T ZI B L5 — G AE R H 0 B
SX(<C4 km) 7E 500 hPa LA b f w5 BRI T 4H 4%
SX(>4 km) 5 BE W . H B 4238 SX(alD 455 19 TC
B2 o ] UL AN )5 BE Y X I B 1R A% 1) XU o 2

9
500 (a) 925 hPa

475
450
=G 425

400
375
350
325

[
Potential height/gpm

T T T

T T
22701 00202

I [8] Time

T T
18701 20701 02702

(¢) 700 hPa

2900
2875

E‘;Z

2850

h=n
=]

2825

1%

Potential height/gpm

2800
2775

T T T T i | T
18701 20701 22701 00202 02702
I [8] Time

(e) 300 hPa

9660

9640

9620

i
Potential height/gpm

9600

9580

22701 00702

I [8] Time

18701 20701 02702

[OATE S

[OATE S

L5 B 14 BT K-S AR I ] 5C 28 3 D10, A 2 1 P 40
.4 km DL B X OB AR ) KO B0 5 B AT BER
SO 5 B TRAEE 3R B 52 4 km DA b X By
IRAR ] KU S IR 55 5 32 4 km DATR X D% BE R 1A 428 10
DGR e 528, B ZE PR P 8. 4 km DA E RBUTR 9 X
P B IR AR ) N B 5 TC B0 B B AT AR [R) R JE 1Y)

LR

(b) 850 hPa
1225
g
& 1200
@ 1175
2
5 1150
5 1125
°
&~ 1100
T T T T T T
18201 20201 22701 00202 02202
I [d] Time
5700 (D500 hPa
s 5700
(=%
2D 5680
&
2 5660
=
s 5640
8 5620
[=]
& 5600
5 580 T T T T T T
18701 20201 22701 00202 02202
I [E] Time
—S
— SX(all)
— SX(=<4km)
SX(> 4 km)

((a) SX(alD . (b) SX(<4 km) . (¢) SX(>4 km) . (d) SIRIEHFHIZER . Results in (a) SX(alD), (b) SX(<4 km), (¢) SX(>>4 km), and (d) S experi-

ments. )

K8 20234F9 A 1 H 17 B 2 H 02 B CUTCO) AN RIS 14 Ay S5 /M 35 13 1]
Fig. 8 Minimum geopotential height from 17 UTC 1 September, 2023 to 02 UTC 2 September, 2023

from different DA experiments

P 7 AP 8 v R X i/ I 3 2 14 22 AL i
HaldilE 9 o TC Mo R (B g ke, Rtk
JERET 4 km LUR 9 X S BCH IR AR [ MU SR AE 0 A
HEgsE 1 600 hPa LAT BRI (WL 3D, fHIZ AL i 1 o
TR E PR TR 3l 5 PO AR R CILIE 9 (b)), 15 B 7E
TEVETHR AT 5 122 R R 3 2w o 3y ad B E A
M TCARJZMEZMNG . fEBHRIA S5 R4
AT 4 kem PLER X BB kA 10 WU IR 4E 45 T 70

Bzt 500 hPa D b B g O, 3R TC Uk
FRIG T 17 BF 45 23 (UTCO) B4 5, U B[R4k 5 67 T 4
km DU X 9B TR iR A2 I KUET B398 T TC I BE O
FECULIE 3 & 9) , Bt i 38 i # J0 F A VR F s 1 TC 19
SRS PR EE T TC AT 850 hPa K Ll B
FEIZKT- Y . B A B 1 B ) 1T B AR 2 5K
T 1) 7 s e s ok Ak R R AR 0 i e
AR B J2 BB O 58 T 18 B 30 43 (UTC) FF 4 ik



114

AVHE 55 R X B IR KU AL XT 5 KRR 1

37

55, SELIRK 18 B 30 5 (UTO) IR ki it 31 1
RO 44 2 B 0 PR 0 AL
T 4 e BT 85 SEA) X B 7 147 ] KU U 4
BRI JA 0 B1 SA LT FR3 A ah Y

(a) SX(all)

200

300

400

500

600

700

S JF Pressure/hPa
S JF Pressure/hPa

800

900

T T 1
22701 00702 02702

I} 18] Time

T T
18701 20701

(¢) SX(>4 km)

200

300

400

500

600

700

S % Pressure/hPa
(% Pressure/hPa

800

900

T T T T T

18701 20701 22701 00702
I 18] Time

1
02702

200

300

400

500

600

700

800

900

200

300

400

500

600

e 1 A 1 SRR BT O 58 1 TC mE g AUk
Yy B U A iR J3E 20050 A T 5 [ 4 e B XU
B st m WA a5 R .

(b) SX(=4km)

_— =
(= e ]

{37 3B 7 Potential temperature anomaly/K

!

T
18701

T T

T T 1
22701 00202 02702

I 18] Time

T
20701

@S

S S0 W A G oo ou oo ©

700
800
900
T T T T 1
18701 20701 22701 00202 02702
I} 18] Time

((a) SX(alD),(b) SX(=4 km).(c) SX(>4 km) . (d) STIEH LR . Results in (2) SX(alD, (b) SX(<4 km), (¢) SX(*>4 km), and (d) S experi-

ments. )

K 9

AN T S5 6 ) i KA 1] - R 57 o - BRI ) R ) A2 A

Fig. 9 Variations of the maximum radial averaged potential temperature anomaly with time and pressure in different DA experiments
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The Impact of Assimilating High and Low-Level X-Band Phased
Array Radar Data on Tropical Cyclone Forecasting

Shi Zhexuan', Feng Jianing"*, Wu Chong', Wang Chao', Wang Hui', Liu Tao', Duan Yihong'
(1. State Key Laboratory of Severe Weather Meteorological Science and Technology, Chinese Academy of Meteorological
Sciences, Beijing 100081, China; 2. Shanghai Typhoon Institute, China Meteorological Administration, Shanghai 200030,
China)

Abstract: This study conducts numerical experiments on tropical cyclone Saola (2023) using the Ty-
phoon Rapid Refresh Analysis and Nowcasting System developed by the Chinese Academy of Meteoro-
logical Sciences, assimilating radial wind velocity data from S-band Doppler Radar and X-band Phased
Array Radar with the Ensemble Kalman Filter method. The assimilation effects on Saola’s track and in-
tensity are evaluated, with particular focus on the assimilation sensitivity of X-band Phased Array Radar
data at different altitudes. Results indicate that compared with solely assimilating S-band Doppler Data
assimilating X-band Phased-Array Radar data in addition to S-band Doppler Radar data further reduces
track error and intensity error by 13.7% and 58.0%, respectively. X-band Phased Array Radar data
above 4 km primarily influences the geopotential height, horizontal wind, and warm-core intensity above
600 hPa at the initial time though dynamic and thermodynamic processes, although this effect dimini-
shes progressively during forecast integration. X-band phased array radar data below 4 km mainly affect
geopotential height and horizontal wind below 700 hPa through dynamic processes. directly strengthe-
ning the mid-to-lower-level pressure and wind fields. Moreover, after 3 hours of the deterministic fore-
cast initiation, the entire wind and pressure fields are influenced. This study finds that assimilating
X-band Phased Array Radar data below 4 km provides equivalent forecast skill of tropical cyclone’s
track, intensity, and structure compared to assimilating X-band Phased Array Radar data at all alti-
tudes. Furthermore, it verifies the effectiveness of X-band Phased-Array Radar in complementing the
low-level coverage of S-band Doppler Radar in tropical cyclone data assimilation and forecasting, offering
actionable insights for refining operational tropical cyclone forecasting.

Key words: tropical cyclone; data assimilation; X-band phased array radar; sensitivity experiments;

Ensemble Kalman filter
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