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254 2.71 dB. GR I GPM KuPR Jf 5% H F-7E 42 B AP BE K B W) & R AP, WIFRTR 505 22 (GR-KuPR) #{H
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S, 2025) 0 XHBORAUE IR 0E 4 v R IOUL i
W2 r e, wRAh 7T — AU 3 R AR s
S N ES 7 T D0 i N W R R R LB T 1
(Mahale %, 2014) . BFFCARBL, EIRZER . HEH
VI 2R P05 2 52 e b Bk K AU 3K i WL &5
R (Yang %, 2024; G184 55, 2024) . @A
HEARULI T Be Xt Loy b, A7 B TSGR T A
KA IRWEIN AP, 30 T JH A5 0 1 o 1 A T
P, A IE s, $2 ML 3 I8 GR (Ground-
based Radar) & & FE/K MM fE 77 . B 275 15 SR
(Space—borne Radar) FFZifa gzt 24, MR
PR ad AR B N AR E AR A S, 2 AT AR X
FXt4% (Kubota§, 20145 Tan%§, 2018).

TR R 28 W T A Sy ARG AR R I T AR
TRMM (Tropical Rainfall Measurement Mission) JIf
5 4 B 7K F5 35 PR (Precipitation Radar) (Iguchi
4, 2000) . % KR 13.6 GHz 1 Ku I B, fiE
S BN A BR P HL X (35°N—35"S) /K =4k
e ELEE AR . B, Ao LAk R A RO
7535 DPR (Dual-Frequency Precipitation Radar) ,
T 2014 4 2 J BE A2 BR KK I 4 TLA GPM. (Global
Precipitation Measurement) & 9 FF 25 (Hou 4,
2014) . ZTHIER 13.6 GHz 1 Ku P BRI 35.5 GHz
M Ka Pz BE, SEBL T ILT- a5 2R (65 N—65"S)
(AN . AH%E TRMM PR UFHINH A, GPM
DPR BUBHRIN A 22 Tt 1 xR RL 7 R L JE
SBIAHIRINGE ST, HER T K E5 M B HRIRS B
AEA SR 55 B K AR S (Hamada 1 Takayabu,
2016; Skofronick=Jackson %, 2017) ., TRMM PR
W i B R A R G T +1 dB (Kawanishi 45,
2000; Kozu %, 2001; Takahashi %, 2003), 1M
GPM KuPR ) R % 0.8—0.9 dB, KaPR 1 R i
JE40.7—0.9 dB (Kubota %, 2024). X Ff 2]
J&E N B M R IR HE A A3 T ARSI AR

CA ZIF5E % L T GPM DPR. TRMM PR 5
M IR BERL . Kim 5 (2014) PEAG TRl fEf
B 3 DX L FR IR A AT SR, K L TRMM. PR Al
Ho 3L TR TR T35 25 HAE-2.0 8)+1.0 dB Z ], Li %%
(2017) RFHEo3AT T 2ARFER ST 1N 7 MR ik
5 TRMM PR (S 28122 5, R B2 L7
FERIMAE UM 22T T 7 IE R 25 . XIIEFHAE (2018)
GE i e BLH N TN 28 M b T 5K B SR SRR 43 ) 4K
GPM DPR{#52) 1.2 dB I 1.6 dB. #4RF%5 (2020)

ST KEED /3 2E 58T T GPM DPR Fl g 5215 B
TR C U BOSUR 3 B 18 19 S5 3R PR B AR DL P
MzESEvE . YangZs (2024) XFEC0#7 T GPM DPR
FIHATEL S U B Hb I 7 iR S R R 7 — 8tk , WA
KRR F—BE R Ar . HE—2, F2%E
VIR EFRIE NS HZhRE, TR TR TR mMZET
IEMSERTE . REH %5 (2016) FIFH TRMM PR X
A 5L T A I SO R R AT Be e PRI TIE 834>
ik B 9 [l 6 5 J3E 114 3% R 22 S50/ 81 0.75 dB LAY o
FEENIZ (2018) LA TRMM PR & MGHE T IE
T 20134F 5—9 HRKIL U758 S I Be B ik 8ds, 17
IEJG 7 E IR -2 S 5 R 22 55 M 1.8 dB [ 2
0.5dB. Louf%§ (2018) RH—Fh ZF MR A
SEAMAERTTE, IE TR AR R 22/N T 1 dB.

ATDARIR, DIAEWFSR I 200 Sk B . CikEe
Hb L H N AR AR A XS e, X X B M S E IR RN
BTN T, B R T S A
KM o WEIAT b A rp [ R JL S A, B
R AT i R X, TR T R K
AR BIHIX, JEAMEIEE R K AR ME X, (Yin 4,
2021) o I AF ez b IX 5 P /K 4 2 B 3 2
BO(Wu s, 2023), W9l kMBI RE. ERAET
RN o TP IZ M X R MR K T A X L
X 2 1 2 b X5 IR AV 0 0 R AR (A 0L o 1 L
AEEE . MESHE . CHBMIETEE, Xk
B B TR IR B 25 A PR, AR SN I R A
A FUE A R Ht, A0 2023 4F 5—9 H
JREIAT AL 385 1 JXUBH X i3 B b I 7 36 T GPM. KuPR s
R AT AR GE T X LA AT, o3 B 7 el
FIEFEK R TR, DRI REKSREE | 27
RSB R, A5 28 2 M iR BA N B A X
B HE TR A bR AR IS

2 BRI
21 EFHEXHIE

44 DPR 1) GPM T AL F 201442 H &5, #1
8 5 407 km, 3285 TRMM Ay 42 35K [ /K N 2 1)
e A . ASWFE M F KuPR #8008 , B GPM
DPR 2AKu /™, SATHRA VO7A (20234:5—6 H )
MIVO7B (20234F7—9 H) A, %™ S AL 46 2 3
ITIERTJE R GTRE | 52 . BEKEIAE S,
HHTEE L) 245 km, AKCFT7 AT 49 MR, 7K
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WO HERL) S km, W EATPEEN 125 m (FRAE)
A S BN FEW0T IE S B SR F . GPM
KuPR A5/ INAT RN 52 2558 -4 15.46 dBZ (Masaki
A, 2022) o AN N ORN AL 4 TR TR R U
R RYE R 2E, AR SRR GPM KuPR T % A
F=15 dBZ [ i, HbIEE Ik SO 3 A F>15 dBZ 1Y
Mo B BUCE TR N M A B SR R R A Y R
[A] ChenZE (2025) —%.

2.2 HEETAEIE

RUFH X 9% B AT (32.79°N, 117.66°E),
TR S E 78 m, W42 150 km (K1), f210]
SR N TS m, PR TR 0.98° . 1% AR H 2 A0
AR, MR 0.5°—19.5°, RHETTAT
6] 4 3.5 min 8% 5 min. ARAP A DX A 8RS, R
X TR IR T v R, PR e S R AR TR L
BB T 0.5 0 )2 b L TR R 88 . sbdbh, driE e
b T BE 5% BE M AR £ S5 B I R s e, T e B
B EAE W R RESZ AR AR B . SR R BRI
B, PR Rt B b L A iR TPt 5 15—115 km
HYHbEE T I 5 R AR IAXT T (He %5, 2025).

30°N : : :
111°E 114°E 117°E 120°E 123°E
B L JRUBH X B B 7 SR 7 B S 150 e PRI
Fig. 1  The position and 150 km detection range of Fengyang
X-band GR

o e Al X i B B s T 90 o e B S A [, AR
WFoE R Z,-K, AT I (WERESE, 2008)
X X8 B b B K [ 3 5 B A T T, o
Zy N BB HRN T, K, hEEFEMER, T
ZJrE, ITIERTGE T Ik RSP R A F R R R

lee(r)zzllu(r)+2J;All(‘s)ds (1)

K, Z,,(r) Z, (r) 53 92T 1§ IS 0987 35 R
FET, r AEEHEATOMNER, A, R,
Ao, = 0.1, 0,=3.0, ffo,<K, <o,

WHINRIUK,, ITIE, 7EJERISN, RELZ, ITIER.

a,Kpp, oy < Kypp < 0,

Ay = (2)

oz(Z,l)ﬁ,KDP <o, or Ky >0,
K, REa, 76X P EHE N 0.22 dB/deg, Z, =
107" (mm®/m?), a, BIAEEA FARZHHIER
Wi, 43U Bl = 1.370 x 107 dB /km + (mm®/m® )",
B =0.779,

23 MMEF*

GPM KuPR 1 X Ji% B b 56 55 15 1) 5 %50 Gk
LR AR EAR (R, 78
X U ) B 38 B S 23 IR 1 I i Rk SN T
PRSI RZE

®1 GPM KuPRMXHEMETRLIERESHILL
Table 1 Comparison of the main parameters between

GPM KuPR and X-band GR

FESE GPM KuPR X il BeHh B F ik
SRS 13.6 GHz (Ku-band) 9.4 GHz (X-band)
IR AR ) 43 R 5 km 75m
e AT PR PORTE 0.125 km 0.98°
i i) 3 90 min 3.5 min 2% 5 min
B EEREEN] wH
[kl 65°N~65°S 150 km
S5 ZNCIE Rl 15.46 dBZ
JZ SR T (Masaki % ,2022) o
FEV JeE JUTE
HA /h JUTE

I 2 DTG C J2 A i 3K S 5 238 PR X LG 43 BT Y
KRR o W] DL AL i[5, AR4E GPM KuPR
o BE AR B] 4R I B +5 min PIARIT A9 X I BEb AL
SRR JEAT RIS (XUBERH 45, 2018). %%
6] DG Jit 5% R AR FH DT fE J7 35 (Schwaller 1 Morris,
2011; Warren 25, 2018), FE M IUCHE (Bolen
F1 Chandrasekar, 2000), %77 & WIFEAS & B 250
A AHHAZOARRAE T AT LR IO S AR A, s
X iy B B KRR A A AR, WD T s [
BCAb P&, FEARZRZERIE . HAT, =SRILECH 3
WAL M RFICES, GPM M ik Kk R G ) £
TR S TR R A Y o ARG S Ty ik
DUAT RO R RO B A 37, DG JC 2 480 7 S5 3
ST RAE G R, 2 S O R A
B 3K S AR PR 1 s ] - 4 (R R 3 B 8 B S AR A
TAMAFRE . X TR ICE A, Ko P52
GPM KuPR A T 55 BK-F 20 BE3 2 5 km, 3 FL 73 B
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HOEVCIC AT A PR R L (PR T B w5 ) o
FBCTT T, DC P Al R R K e A P R
e PR A S R BORC

K2 JUAf PRt 2 K (Schwaller #1 Morris , 2011)
(SR B R AT PO, HE SR M BE TR IR RO
BRI 30 402 H A X )
Fig. 2 Schemetic program of the geometry—matching method
(Schwaller and Morris, 2011) (The solid lines represent SR
scanning beam, and dotted lines represent GR sweeps.

The shaded area represents overlap area)

AN TA) I K ORL T B R AR TE] L X E GPM
KuPR 1 X % Bt M 5 B 38 SR A7), 75t Ku
T B RN XU B I 33 2% IR PR AN Rl e 1 22 5 o
Das &F (2020) 1) FH Hb iy O8I0 R A5 W 5 3 5 A, 38
i THE RT3 Ku 3 BEA X BORLF 8O Rk, 51
AR EE DFR, 8 Ku U5 B R 3158 R 7B 4R XU
BERYEE . B L DFR & Lt (3):

DFR = Z(Ku) - Z(X) (3)
i, ZPA7 K dBZ, DFREH A dB, Z (Ku) #1
Z (X) 43 7R Ku 5 B A X% B 58 26 R1F
DFRHZ (Ku) BPLEXRAZLAK (4):
DFR = 18.19 - 2.141Z(Ku) + 0.08533Z(Ku)* -

0.001315Z(Ku)® + 0.000006607Z (Ku)* (4)
B (4) WAL (3), FTROKE Ku ik Be s 3 A
THEH 0 Xk BEEE o 1% 07 78 T DAkt e oAt
1 T S 23 TR B A5 AR A 4 R RS AL AR
REMM S IRZE (WendF, 2013)

AR SCE LA ILEEEHZIKEPE& Ik ST
B F215 dBZ B LU fpn HEEE TR IK S5 2R ]
T=>15 dABZ W LU B A £, AU/ AE Y 50 i R I 7R
(NUBF) 2 2B as R R SO Y52, JFRIE 7
JEMREA R, 7] Warren 55 (2018) —32(, R T
Fun=0. T IRRAE , EFE > s Sor>=f o R FRIL L
FEAS HFXF A #7 o

2.4 {HIERR

FoXF BT GPM KuPR R X 35k B kb 35 55 3k 2 S5
TR FICEREA B A, SR S48 br o2& 4 56

A CC., WITRIZZ RMSE., V12 BIAS. 45

HEZESTD

Z(ZKuPR(i) - ZKuPR)(ZGR(i) - Z_c.R)

cc = i (5)
Z( KPR( R)
S(2uli) - 7o)
RMSE = %Z Zean(i)) (6)
BIAS = N;(Z(}R - ZKuPR) (7)
Sx -7

STD = (“—r— N )28 =Zow = Zwn (8)

K, NHICEHEAREE, ( HICERHEART S,
Zon M Z i 5 R VEBCAEAR ) GPM KuPR 1 X % B b
FER AR FHRIE, 2 &=2Z2# (dB), H
SEBHE ST NN Z o TN Z 0

3 LERANTIE

3.1 BEKRANBIXFEE

BEFE R A & A2 T 2023459 H 12 H ],
#23:43:36 (HHFEF) RUH X ik B 58 75 38 %ok}
F123:44:55 (H:5EF) 9 GPM KuPR %8k} 3E 1714
FRUCHC,  Fh G20 B 9 i 7 38 R 5 238 R 1 25 [l W)
AR, I HE 8 bs R R BRI BCREAS (1) —
?ﬁl‘ﬁﬂ(?

I3 AR R I 25 R . AR

RN fﬁfﬁﬁ DEFC A4 AL IE Z /i, PR A

(EEZR U ES g S R b 25y K (VO (E 15

DX 35 GR #0021 () [m13% 5% B L GPM KuPR Ko X

M BRI M S, PR IR R R A — 2ok,
98 [0 0 A7 T o A B

Rl 4 e 2 R R A s ] L IS DA
WORIIEG, 16 LASTIAA T IR ER I8 1 S 332 7
VERELZE SN . B4 (a) — (¢) 433N GR U
KT GPM KuPR PR FEF . GRF1GPM KuPR
RETRAE T2 (GR-KuPR) B/KF50 4. AlLAE
i, DR A Il 4R A A 78 GR A i P e A ZR L
Xk, GRAIGPM KuPR SR A F /K43 AL,
SR P 22 5 AR S P E A, GR (Bl 58 5 &
GPM KuPR. 7 EH w7 H (B4 (d) — (),
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GR F1 GPM KuPR A & AR U 1 3% 43 A 89, HES 53
X3 GR PRI 1 [] e 58 B [ 15 T GPM KuPR, 3%
38 B A R A AR B I R SRRl - GR TR
A (K4 (g)). b4, GRFIGPM KuPR [
SRR L - 12504, MOCRECC R 0.77,
FrifEZE STD 4 2.32 dB, #JJ7#R1%2% RMSE 4y 3.27 dB,
& B P A 0 R LA R A S, (R R
T 114k by, P22 BIAS #2.30dB, [AlfE#

35°N

B GR J 1% N F & T GPM KuPR (&l 4 (h)).
PR T T B S 23R TR i 2 M 23R 4 A S ]
PR E oL, HEZE R TE-5 dB—8 dB &£ 17,
HERIE(EN EAE 3 dB AS (K14 (1)), FKEAFF
FIERGP RN FAERGME, BNEE. %0
FIER B KA 0 235 55 3% B XUBH X8 B b 35k 75 35
GPM KuPR SR 74 5@ AH M, (HRUBH X )% Bt
L H TR IS 15 T GPM KuPR.
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(a) GPM KuPR 7£ 3 km Y Ku I Bt S S5 32 7 7
(a) Ku—band reflectivity at 3 km from GPM KuPR
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(¢) GRTE 1.45° MM SR T

(c) GR reflectivity at 1.45° elevation angle

(d) (¢) WPar gk aYE B

(d) Vertical cross section along the red line in (c)

B3 202349 H 12 H GRAIGPM KuPR JAFH AT (e (a) (o) H LT 60 ARG B8 93 5127 GRS A7 BLANFE 115 km )
HIR X, () P EZR 7R GPM KuPR (941130 )
Fig. 3 Reflectivity for GR and GPM KuPR on 12 September 2023 (The red stars and black circles in (a), (¢) indicate the positions
and 115 km range rings of GR, respectively. The dotted lines in (a) represent the detection track of GPM KuPR)
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(g) GRANKuPR S R 753 A
(g) PDFs of GR and KuPR reflectivity

(h) GR AN KuPR S St 3 A Bl
(h) Scatter plot of GR and KuPR reflectivity

(i) SCSER N ZE R A
(i) PDF of reflectivity difference

K4 202349 7 12 H GRAHI GPM KuPR ££ 1.45° 011 8% S5 S 3 97 DL RS RO b (L (a)— (o) i A S (B 8 26/ GR A
15 km 1 115 km FY IR TE X 35K
Fig. 4 Comparison between GR and GPM KuPR reflectivity matching results for 1.45°elevation sweep on September 12, 2023

(The black circles in (a)—(c) indicate the 15 and 115 km range rings around GR)

U =N N s i

20234:5—9 H , f@BUEBEES . B A LA
FUBIR I E S 1 JRUBH X i3 B b 56 35 75 F1 GPM KuPR
FIVEACREAR LA 8483 21 o IXBEAEA B FEAGE TR
EME S fiR. ATLLE H, IR I8 10 SR R 7
I Bl A 15—60 dBZ, H:vh 20—40 dBZ #x N 4E
(K5 (a)). RAFREFET R 15—25 dBZHE, GPM
KuPR (#8205 25 T GR, 25—40 dBZ B W AH % .
M HWHECSE (K5 (b)) &, WAERZE
MR RECC H0.73 (FHX RBGE T 95% &k
59), ML, S, CUBiH AT i F GPM KuPR
SR A TR R BT 0.8 (Keem 55, 2019;
Kou &%, 2023), AAFFEAHK REMEA WAL, X0l
B2 PR Ry X i B b i T 5 B DX 20 I3 Bl /)
&, B mEER o E S (BK, 2023). R
#fE22 STD 2y 4.89 dB, ¥JJrRix2: RMSE 24 5.59 dB,
SR 22 BIAS 2,71 dB, 04N, #ZLDLHD S5 7E

3.2

1 VAR Z By KB, R GR U A
KF GPM KuPR. GR #l GPM KuPR J% &} 5 K 1
# (GR-KuPR) 7E H-20—20dB (K5 (c)),
SRS A, MESRR UG 7 E [) BIAS $5 i B A
4, UiHH GR A1 GPM KuPRAF1E R Gilm 22, X A]
At GPM KuPR EEIITIE DR 2, LUK GR AR N
JEF R Gidwm 22 5 R A (Zhong %, 2017).

& 6 45 1 T GR 1 GPM KuPR Jiz 5t K 7 22
(GR-KuPR) i =35 & H SR K £ 1 28 A1 O
GR Fl1 GPM KuPR J 5 5 K 1 5 J3 i o 32 B /K e
W& R, W2 (GR-KuPR) ¥MEAE+5 dB LA,
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568 ] 358 i g 2 0 TR B B, 3K PT B 5 R AR K DX
) GPM KuPR %8 1T 1IE A B4 X (Meneghini 55 ,
2015; Huang %%, 2022). VAFEOFFE % B APL
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Fig. 7 Comparison between GR and GPM KuPR reflectivity matching results for different precipitation types ( The black diamonds and

vertical lines show, respectively, the mean and standard deviation of the GR-KuPR reflectivity difference for each x—axis bin of 3 dBZ)
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Abstract: The Ku/Ka Dual-Frequency Precipitation Radar (DPR) aboard the Global Precipitation Measurement (GPM) satellite provides
valuable data for studying precipitation characteristics. Comparing DPR data with X-band ground-based radar (GR) data is essential for
understanding their similarities and differences, which in turn supports the integrated application of space-borne and ground-based radar
systems and facilitates the calibration and correction of X-band ground-based radar.

In this study, a total of 8,483 matched samples of reflectivities from Fengyang X-band ground-based radar located in the Huai River
Basin and GPM KuPR were collected, from May to September 2023. These samples were obtained after undergoing rigorous quality
control, spatio-temporal matching, and frequency calibration. Based on these samples, the consistency of reflectivities between the Fengyang
X-band radar and GPM KuPR was conducted. Furthermore, the impact of varying precipitation intensities, precipitation types, and
precipitation phases on the consistency between the two instruments was analyzed.

Results indicate that the precipitation echo patterns detected by GR and GPM KuPR are generally consistent, although GR tends to
detect stronger echo intensities. The reflectivities of GR and GPM KuPR show a positive correlation, with an overall correlation coefficient
of 0.73. The reflectivities of GR are higher than that of GPM KuPR, and the overall average deviation is 2.71 dB. During light and moderate
precipitation, the reflectivities of GR and GPM KuPR agree well, with average deviations (GR - KuPR) within +5 dB. However, during
heavy precipitation, the absolute deviation increases significantly. When precipitation consists of small particles, the reflectivities measured
by the two radars exhibit good agreement, with average deviations (GR - KuPR) within +5 dB. In the case of large precipitation particles, the
absolute deviation increases significantly. In stratiform precipitation and liquid precipitation below the bright band, the consistency between
GR and GPM KuPR is relatively high, with correlation coefficients of 0.72 and 0.73, and average deviations of 3.28 dB and 2.82 dB,
respectively. Conversely, in convective precipitation, mixed precipitation within the bright band, and ice-phase precipitation above the bright
band, the consistency is relatively lower, with correlation coefficients below 0.65.

Overall, X-band ground-based radar and GPM DPR demonstrate potential for combined application in stratiform and liquid
precipitation, but further calibration and processing are required for heavy precipitation and complex meteorological conditions.
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