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Abstract: In recent years, the X-band dual-polarization phased array weather radars (X-PAR)

have been densely deployed in multiple regions across China, with the advantage of high
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spatiotemporal resolution. However, the data quality and limited coverage of single X-PAR are
restricted factors of its application. Taking advantage of the radar network consist of the S-band
dual-polarization weather radar (S-POL) and X-PAR, the research aims to obtain precise
three-dimensional observation results. In this study, the data quality evaluation parameters were
constructed for the radar variables of radars with different wavelengths to achieve the interpolation
and mosaicking of single-wavelength radar networks. Furthermore, by calculating the deviations

between the S-POL and X-PAR radar mosaics, the S-POL mosaic was taken as a background field

with the low-resolution and credible characteristic, and integrate the observed detail structures

observational characteristics of each radar. The fusion method -POL and X-PAR radar
mosaics simultaneously realizes the retention of the intensit ib Q the S-POL and the
detailed features of the X-PAR. This method can utilize the rvational advantages of the

densely networked S-POL and X-PAR and obtain an accurate and detailed three-dimensional radar
observation field.

Key words: X-band dual-polarization phased array ther radar, S-band weather radar, radar

networks, Radar mosaic
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N REE XS g 4 FE/N TR PR B 8, HARZ R RIR AT T )E,
BRI ) 52 M AL 22 8] 2 B AR S BB Ak R U 1k
(S-band ddalypolarization weather radar, S-POL ) Nl Al Fil i 46 5 K A BEAZAE LI S X
AP AR A Bk . i, FREZ AN X AT 1 X B IR AR B R 1% (X-band
dual-polarization p array weather radar, X-PAR), PLGRAN S i B IA M 1A & o IR
RPHT, X-PAR IR 23 73 HEA Y8 s Tk 55 4L 1 S-POL, {HLEAE X-PAR HRIIVEE AN, %f
KIGH . SREEK MR SAFAENM RS, S-POL A2 T/ FRMVE A, ¥ IR Ry,
RIS 7% 53 R 30 LUK o el i A [R) 38K B IR R 2L I R T, RS R RS A 1 ) = 4 T 08
SISy, 2H I T T A S8 FH ) S e
XS 8 C I BRAEIEM, HAT O T A AN PRI T . 5 DL a0
T X RS AAR R J7 v A4S Bl AT i, 28 1% 4, Cressman {1 (Weygandt et al, 2002), Barnes
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AT 7K 7 o) dp A AR AR, 3 B [ B PR A (L P XA AL T RBOR BT, 248 75 IS WL 22 50/
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I, R R 2k R B AR HOIN R 25 R B S 2 BR IA B KRl (M e, 2007; Zhang et al,
2005). Sun et al (2019) #H3f =¥l S PWBRTUHIERM R 7, KIHRILMWIHE . &bk
WA 8 sUIEMEARLL, HIE MY Barnes Hiff 7 12 AENS IR AT SEANIESE H. 20 #5805 1 % 4L
a4 . Langston etal (2007) %% 2H P E S WL IAEZE IS R] Z2 1) 1) /R, R MERE B . A
A2 ) S AR B 1] 22 = A 777 T ) A SR AR A gk R (LA B, 3045 17 I e 2 L e s OR B
HHTRAAE R DEEIZE IR o B0 BR IE WL s 70 AT AN S B 1)@, Scovell and Al-Sakka (20160 #
TN GBI ER, 454 Barnes ELLRIE, SLIE BIARM R EF=4EDIE, EORE
B S UL N SR 2 5 DX 5 AR ALE: 14 [ 3 S UL 5 578 X 10 P T 1e)de of #E g 2L S-POL
(%f LURIE 72 527, AH Eb T S et B30 B A I A AL (B T EAT 2 TR A D IRl & 1 s, K 2 e
AW B AU R R A5 FE I & BRI I 4 SR (2R3, 2022) 0 BR T %,
EITVESN, FI AR 53 T35 SR A R JRARAR T B a2 W00 ) S A2 e 4% el 75
HFTRE (K8 (Roca-Sancho et al, 2014; Brook et al, 2022),
PHEGER, (AT 2R AP MHIX, I 77 =)

Bt S (8 C) WEERBAMBPHET RN, hTE
A AE T 1 378 B AE T B R, R OA BOHE BT R 1) R B VR T

oo LMEERXS S (8 C) WEBGRIAMI

PHEDT 0 X B RIS CA
JAE A Y foe il AR AR 0 IR S 22 R T AT AL R B, RERS A Rhckb

(ERR A Kot o A B LA L, AP R I

A, Al KRIGIERG VT R Bl A EE, KoF IR [ A0 2 18] SR FH 2 4l ST B0 4 2 o SR XL
PR AA R, FAT 2 TPt (Kimetal, 2019) . XKD A% FE 51 RS T 12 (] 95 5 i
EHRKRN, TR IERA T LA AT 7 0 PRy R R JHRIREHT IR EIETE, A
Ja R SME N 22 AN WO TR SRS AR T BEAT Rl BENSAS 2 SE 9 HERS . RE4H HARTT R H 1
[l 254 (I FFEE, 202000 AHEL T LAAEERST S (8k C) K BER AR M PR 7775, &% X i
BOR AU TE W B B B v I S (U B XL it ot B PRI A8 R 5 e, TR S KAk
B 1] e 5 4R AE

O P B VE S 0 ik S R 7, 0 T XU m IR H & PR VAR SR b 1
bby X BER TR IE DU AAE T3R5 AR A R B AN 2, 5 S BBR R IEMIE
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AL AN, (HH BN T S BB X BB E & M P R Rl & 7 AT R AN A

Hal, B LIRS IDRYILIAET 1 58 R0 X BRAE L WK
ARG TR IS LEH Y 57 A b X RN 8 LG AR B [X Ry b 5 R = e IR 90 7 T ) B SRAE TR
BT — R BVEE AL B 7 VAN N S (Mahale et al,2014; Brewster et al, 2017; Diederich et al,
2015; Anagnostou et al, 2018; Chandrasekar et al, 2018), {H X J B MRS FiEHF R E it
N EXEELH PR FEH, S M X PBCER IS M BRI b T2 BB By, %A 2547 RV
e WECEHENT X BBAHTERE RSB IRH WS NI B (FR oS, 2020; Mg T
£%,2022; Zhao et al, 2024) , {EHUA R 55 L I 3 BEARSE L — A 10 T A8 UL M) B g o R 4.

W, 2 WKV BRE 08 H J FEALAE 0T o 5 i M Rk
T e S (AR S P
1 A
11 BASH

YRR .
X-PAR £ H 77 [4]>

Indicator) 4 J5 414 /’ AL/ I A R A5 2] 7 BT M TAE SN
KA FILM vep2] ME@ VRHI WA S B AR A 5] i B U s 22 58 /N,

ety 1B AININPP I AU 5 7 2t i 6 8 0K [ 7 3 L7 7] b AN IR 8 o 78 78 R AR e Ul
AT, X-

RN 0.9 45, DL 1L.8SBit IS 20.75 3L 12 R, Jifrbidt
0.9 —IARFIHIMIY 92s. % X-PAR 7K P Iy ZE R S BE R 3.6 T E A TE N 1.89

HHEPNMIRRRE LR LM AR AL, X-PAR FIM R ER Y, KH T 09540
TR 3 HE 3 NIQ (55 A B SVEXS J7 ML oy HREREAT T elat, £33 0.9 0507 A 4 MR 1) TR ik 4
. PR S ERIANEESHIME 1 PR, TEUHKZ, X-PAR YHRA R S 1
BOKERIBE 85\ 7 A5 3k A0 A Y0 B RRR 1R) ) 3 ey mTE A R RS, R 1 A T R %

WO T 9 2 S
F 1 X-PAR 5 S-POL = ES#
Table 1 Main technical parameters of X-PAR and S—POL
HILSH X-PAR S-POL
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Fig. 1 The location of the X-PARs near the Guangdong Greater Bay Area and digital elevation model (DEM)
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Fig. 2 The location of the S-POLs in Guangdong and its around aregs
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(2) XTI GBI RRS, — RS OKT 2338 % 8 50 m) T X-PAR
PR EDE L, — 4R A OKSF2 #5308 500 m) T S-POL A HF K. ARYE AR
FAIANR] 25 5 1 Bt o 8 e L, Ay S e it B VAN 2 By e T L, 45 5 T AR AR
5 HARRIRS G PR AL, K [R]— PB Y 22 0 T A UL I B[R] 1] 45 P X et g I £
7345 2 5% B IA VB E 500 m 73 (1) S-POL #F B 45 SR 50 m 73 11 j

(3) BB HARNAFRBFEEMHEL SRR, K X- £ el
S WBLMET 5 S-POL PHEIRIRE G s S0 PR SA I (8] 20 R AYA Y S-POL #f K
BEATAANEAMESRIL S X-PAR FF B TR ULHAC: 28555 P i AT ZEE E
AR AR R ZE GRCP 728 500 m), Rz AR SR GHIERSE

s OKP2r#83 50 m), {3 ATRE Al (i 225 X-PAR $f EIEAT
5 X-PAR #t L i & 45 2R -
LA Z TR IAPFE A RIRE 3‘5?&3&%‘%%, EARYITTE 2.1-2.3 AT IR
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Fig. 3 Radar mosaic fusion method of multi-band radar network
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THEARRIA R K A BRI E KR o RSO AR 4548 M 7T 0 T DLt , L
1) 2R 1 min, SEAERIR Y 54 om?, R E (RORE 5 R AN T V4 AGH 70l 32 MRS
FEIX ], 43 %04 0~25 mm, 0~20.8 m/s.

Xof R 1 R B B R AR AR LA, ek KR /N T 0.5 mm/h BRER CR
BEA LT B EN T 50 ROBHE 1 e 5 51 R (Tokay et al, 2013), 4R J& FIl TR T B AR 545 3
MR YA A IR (Atlas etal, 1973, K% T ¥4 ACH 5 1) +60% 4 SI1E, 5 B ™  fiw
BHSE MBI Jaffrain and Berne, 2011).

MY FEIL T %A%, RITHSELA5 30 Y R 1 52 20 Ak BR 2 (Barber and Yeh, 1975). i,
bR RSN E T ), AR A (Pruppacher and Beard, 1970) 45 HiMC 2R AT
THE . b0, BRIy Y R R e A A B B A B, SN R] P
R

X T BAN KR, T I LR IBE 1) i 1) B8O HE B P ARy

[Eﬁ] _et [SHH SHV] Ei
E‘r/ - r SVH SVV ‘17

X U=

2.2 BEKEIX
BEXTAN A A TR IA BRI, 1 e i — B K B IR AT HE ] . Hoh X-PAR I K
S E] 43R A 50 m, S-POL B (/K23 18] 43 5y 500m, 63 4 B 1 11 o B 0 SR 35 1
BN 200 m. P B0 A B A SO R T Zy, 250 RN E Zor, 200 TEFEE Kop,
Hor 7, TEBE IR B EAAT B dBZ 45y mm®/m® 5 34748 (Warren and Protat, 2019).
BT, R ARG A BRI ALAR, IR IR 250t R ) 5 TE AL AR AL B,
S ARFR A (A1, 2007) . FE T IAARARAR T XTI MRS AT K7 1) (T7hi . BRET7
] BT ARULAL, SR HUEEHR 1A 7E H AR A% i _EJ7 R J7 ARSI A U, SR AR
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FE A 200 B3, FT BJIE SRy 7 B 78 77 18 o ELRRIOURS A5 P, By i),
Y N BT IR AE Z s IR AT A (B, Ak, Ti)s ForP k R T IA w5 - i 4 P, DA B 18 9
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Ferh TR M a FHER RS r 9 fO0h I 7R TA B AL R R B SR UL E A5 o X TR R IAAE P s BF
SRIFEIPYAS 25, AR B AR GE ST, oF SO B 5T VT R Wi, 2 — ARG
Hdfa 1) o B PP 2R HBOMI 2 T () )BT B AR, Sk B s AT I S8 45 3 H AR
P HRIESS 3 26, a, ).
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e R \
A4

2
_x (exz—er)?

FINAII 20 (1) )0 R B, Wikgr A1 Wi A0 R T UL £ )

PR AR B RIS AR IR, (e ew) T (B — &)

Radarl

¥ HERARRE S E MM RN .
B 4 PR HAR A P IS s B
Fig. 4 Schematic diagram of matching points of two radars to the target point P
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d 2
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CL&Ik %) 10dBZ LA b, I b azykifissmm, 5B K X s e LA AIG, 2 5 IR
15 e L FF) 78 125 L0 K408 e e i
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KX SRR, ZEIRAT 1E 5 Hgh
PR AIREIE, E T DX gk N 2
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RIERAIILE R 2, DLRARAE e L AL Bl i B %2 . X+ X-PAR, 2w i & 1]
R B A I L i R BOR R T W XA 5 TRl M RABBE AR . AW TEXS Z AT T P AE 3
AT IE, {EHT X-PAR RISEEE RAEA# 7 H5 T dop MEE S Zog FIATIELIR, AL
BEATHE D RIERATIE, PrUASRE ey Zog R ME BT HHIALE .t X-PAR HiE RBUZE
%, ZREM XA, 151 LRI A Hs B Rt /5 AT H

wJa, FHBEORMEE SN wo CERINEL wo=1), % E AW 52 217 g5, b
Yo BRI B AR BEAT AR (wo =00, XA IS (E AN ™ HH A 20 B AR R B AR
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W%Eﬁﬁ%ﬂﬁ,i%%%%%&@ﬁ%ﬁm,ﬁ%@ﬁ\éﬁﬁﬁégj\%%
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(Wo=0.1), 24 B FH HoAth T 35 MR 45 SR BEATH B Lo wi PO 5 2 LR T M T B SR 42
CIRIEHEEE, 2002) AYTHESE AL, 0T AR 2K T 30% I #8 73 HL w, =0.1, S Hi R
TSR KT 50%[FIFB AT HL Wo =05 1 s RS ), Xt 7R TA I SR RIAE S AT SRS
B S FIE, W SHAE T AR 2 22 ik F) 1dB IPEEL w, =0.1, % A 3dB
IEH wo =0 SHIEFEBFFTAE T AE AR, B wo =0 XAS[RI I B 75 35 S5 M BB A R BV An I 12k

i 2 Prs.
#2 TRIBZSMEEBRERE R ETE

Table 2 Calculation formulas for data quality coefficients of the variables

X-PAR S-POL
Zu Wiq = Wo(Wy + 0.3w, + 0.3w,,) Wiq = Wo (W + 0.7wg + 0.3w,)
Zpr Wiq = Wo(W; + 0.7w, + 0.3w,) Wiq = Wo (W, + 0.7wd + 0.&
Koe Wiq = Wo(Wy +0.3wy) Wiq = Wo (W +0. Wn)

IXFE, BITT T35 30 G T A TE H AR RS sl B FI R 07 ‘
25 BRI SR E B S PR S T SRS B (B R, A TR AR A% H AR A
O R S P BN SO EGHIEECE ]‘
2.3S-POL 5§ X-PAR Ei&HiER& 5%

TESER T B K HIEHAMBIE S, fE A28 1.5 min, ZKSFEASA 43R
24 50 m ] X-PAR $f AN 8] 733 24 6 min;
J5 LA S-POL IR Jg AH X REURE {H 4 fff v 1) B 4E S, S S-POL #1185 X-PAR ] (HE4E 4L
B RN S WBD FILAEL ‘
AT H B AR AT AT ST [ v 20 o I RS A 2=, SRJE X X-PAR BFEIHEATAT IE, B
AR EYE A SR

2R REATHME,

PP [ 2 [ S I T RESE USSR A5~ 30 dBZ VA w2, JFRILH &
(ISTRERINES i RS RIPIABHE B ZAEH /N (5 min BLAD, I HARE 2 1)
AR B B AL AL B DL L% 22 AT 4 £ 1 AESEBRTE SRR, 4 58 12 (B A P 1] Py 1422 1)
AR AN e B T2 IR AE K 5 T IR R AR S22

€ SCF IR Z MQE (3 14) CRAPHIX T8 55, A MQE Xt i 22 1Y = S NIV
AL S-POL HFEISE R 5 X-PAR RIS R A —Bk: LA 500m Jy 8B B RS B % A< 15 7]
oy eI R, X H 8km YEE A RIBTA R s K E T PTALBHE ) MQE, Bt /)y MQE Xf
RLRE SR BAE N AT R = S-POL HFEIRIAMER B . & EUINE, Sl T30 fRE
S-POL HFEIFEXTLZIRIE, X-PAR HEEIFERHUE o JR AT fE i BUORE B A sk S0t
RKEMHHERAA R MMMEEA, 2 S-POL Hf & B X-PAR I TERE — 2 WL IRE A &
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MQE = YL, (Zs; — Zx;)*/n

e Zg (BAZ: dBZ) O S-POL PFEIFE i s ARBR I SR AT, Zy (BRA2: dBZ) 2y X-PAR
PHE (R B EH R S BE) TE T RUALARI ST R 7

FEXT S-POL $f B )= HEAT O B AT, BIV AT AR 22445 2 I s A b R 51 3 S-POL HF I
F X-PAR HF I 2= (DAL . K5 P ZEVTIC 5 1 22 (E 8 X-PAR HF B kRS it 22 o 3F—
R BR BB, KR (R 2T 2 X-PAR BRI RS ABAR 55, 3K75 X-BAR PEEIfRIHS

Yl 22 50 AT
- o
d—hij =2km, d_Vij=0.4km
Zd_hi]- =0, d_vjj=0 wijDyj
DHj - _hjj=2km,d_v{;=0.4km

Zd hlj e
d—hij=0'd—vij=0 1

H, Mgy S-POL HFEITE i i) fi gt
SR {22 X Ak 1 55K A O 22 PO g

S-POL 5 X3PAR [HH] 5 il & 45 3 Myco
MXC = MX+DH

SRR FRIEA L « BRFEAS T /D S5 T R (50, 4020 Rl (19 45 SRAE (Rl 2 BUR 2 1)
B E . BRI, BN H AR A% T REAEAE 1 LA DUFRIE G, 44 HRORH L 1) 75 V20 0 1% e i
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Fig. 7 CAPPl of Z (a, d, 9, j, n), Zpr (b, €, h, k, n), and Kpp (c, f, i, I, 0) from single X-PAR (a—m) and radar
mosaic (n—p) at 2 km altitude for a severe convective cloud system in Guangdong Province at 07:12 UTC 5 May
2022
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