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AW B (Yin%, 2019; Wang%:, 2019). It
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PR A RN U PR AR Al B N ROBE R A R,
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Ty 5 0 o AT 43 3 A TARRE . R AR
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SERL9 AR AL ) 3 ARSI, W TR
R K UL b =l 55 7 3k 2 A veP21 A
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2018) . YT IAAAB K Z DL 0SS E N Y
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00 A1 F B A i S5 R) A A B T R IR R A
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JKFEIE PR (Precipitation Radar) £ Bt A Ku I
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IRV He W a1k S I U, RIUE RA
B, BRE R AR PN AN SR 28 . 5 e 4R R A
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Fig. 1 Rainfall retrieval framework based on multi-mode radar observation data
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SRR (K,,) . G 2255 R 1R 22 4341
BHEBR (Z,,, K)o Seliga FlBringi (1976) k.
P Z R Z AR K . SRS KR (Z,,
Zy) WHAEIR (Z,) TR SRR, B
{REEAAL M2 2% (Chandrasekar 4§, 1990) . K, 1
Rof K it B R I Al D B /K BB 0 i, AN R 1
AHZSFZ W, AT LU RO TR & RURE K, R 4 &
X 7N B FR R I B AE R %8 (Ryzhkov 55, 1994) o
Ryzhkov Fll Zmi¢ (1995) f§i R (Z,,, K,) KF
TEHBEIKRW T RIET R (Z,, Z,). K, JEkEK
58 85 A RIS AN AZ R AR AS S I, A DU 5 7K R T A
SR, AT LUA RO IR A B REK S E /N B R
0 B ET R (Ryzhkov 45, 2005) . A T Fo4r &

EARREEWLS, RN T RIS
KA L, W Ryzhkov (2005) #4731
BRI iR B R 4 4 AR VG L, R 4R 2 i
i JPOLE (Joint Polarization Experiment) B
Cifelli (2011) 75 &K A 25 P ) BE Aty 1, AR 4
Zy Lo K WIR/NRI 3 ARG L, 2 T
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Identification Rainfall Optimization Algorithm) Bk,
TE K 2 80 € i Bk A A R i P e .
Ryzhkov (2013) T 75 1k £5 I 88 J42 (4 ZE IRl 3 A, 2
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P A B A R R S e, 7R S TR A S K
255 R (K, WA RO DL K m Al )8, 90
T 5 £ 1k 2 18 K R 48 MRMS . (Multi-
Radar/Multi-Sensor) 1, Chen%§ (2017) F1Guo %
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Table 1 Comparison of Radar Rainfall Inversion Methods
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A B (2015) X T fe AR 9T ik 5 808 v B 4
A= & e = = SR RN S TP A O
R IY A5 AP AT T T I AE A5 A 43 HE R ME A 1 AT L g
U o s () o R 0 o 25 (A S ik se B, T
W H R LT AR A (A (I T FUA EE 7
RIAE . A I(EILSE) ML T AR AS S
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TV AE 78 R R R P RE O A, ok RS M T R A
THBRING B, 5% 0 B K S5 6 55 R TR A B OC R Y
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(Kumjian Fl Ryzhkov, 2010). i1, Borowska %
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Q8 7 RN IR K BN, I, B
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1988; Cao M1Qi, 2014). J T EALFEM A K &,
Song % (2017) ML T =4k K<Yy, R TIRE
FIRET 2 Bl R PEBLAY . 53R %F (2020) T
Maxwell B8 57 T 25 [ 78 & o T 1 O T T 7 A
R BEXTA IR TR T USSR, R IR
) AFRT VB AR /N 25 B 2 PR /INI T (28 K . AR
FEHRE L, METMRRET S, Uk S
PR 7, NS (XiedE, 2016), Pallardy
FlFox (2018) 153 T A IAF4 )2 21 iy 1T (19 AN ]
K/NET A2 R d, 45 R W i 2 4 W R 3 /N
T ¥ =2 T P A B A PR A 5 R ) T 3 3 ol ke AS
FEME, S BRI R I S R R B AR b )
BN R . FENH EAR T, 78 RO /INI i 9 AR L
LN 4 s O AN S T R UL R = G B N R |
MIZERAERM B (R, 1991; B A4
A, 20085 TR A, 2013; BE—R 4, 2018).
Bk UL, ST 2B UHE AR, WERE, W
R A5 W 78 R e R 2R 5 A e iR = 8 DL AR
HEmENEREER, IR R WER—4
.

332 WiHZE®

B OUL N 3] (1% 757 23 B TR O A S 2 5 IR R
JEIE R 7 Wb [ AR X . (Lack A1 Fox, 2007),
X SR FH T TR I8 LI R R T I 2 i 2R Y 1o AR
o, TR SRR R R T S A B RS
AL IR N TS . WS S X s
Ko W Tl 5 A= B K ), U A B T
N P Ml DX RN G AR A, LA RIS A R

FEAEE KIRZE (Liguori %, 2012; LauriZs, 2012),

] PN AMIF 9T 27 5 B 0T I IR R T R T i 2
5%, Lack il Fox (2007) HfF5% % BG4 B R 152
ZEXXP N A E R ERNEW ., b5, Lauri 5
(2012) 4 7 —FhR FH P ks 25w i K7
BMERITEE, Dai%s (2013) FIH =468 80 21t
TAL T DN T I U R B R b T A I Bl L A
B ZJE MEETHME A, BT I 7E = 48X
Wizl , T AR RS R
KR ASEA E T AR (Dai 1 Han, 2014). 7F
ISR I, b T 2D B TR AR W R KA BORG E
Ry 7R SCRSE L AL T A 1 o 2 R R Rl — 2k
SRR A KA R, @S85 1Y O TE ) Bl
FERERL, N, DaifsE (2019) T BUmR A%
P, T TR TR 25 K RN R T R R AT BB, T &
T — e S RS RN 25 K 1) B s DR 4 LR O T
e, FEA TR ISR T2 [A) R Oh A 1) 25 () G)
N KF . YangZE (2020a) #iAZFMRAERSL
Fi S E ik s, I M LSTM (Long Short-Term
Memory) 22025, XAtk T i 15 B v JXUG i IX 7Y
TR S OE HACR R

3.3.3 WigmeE

O T T U R A AR R, A RS ] 0
Mo — PP S 2 U TE AR 4E (Low A List,
1982; Barros 4%, 2010), BIM4MAFEmH T H S
KNS AR Z (X)) 22 57105 LAAS [a] 1) 3
JEIE AR —E RS, e T80 . mE i a2
M7 2 A TR R 5 5 — G 12 U SRR W R A T
e, RIS R 2 s s h AR my, &0
7N 4 N N IR IO a2 SR = o < S
(Pruppacher il Pitter, 1971) . Y i % ¥ /F H & 1&
JUL T R 1 A T RS, R R R AR R, A
WO TR AT TR AR AL T, DN X R
IR RRERR 7 R AN E MR 22

BEX T B OT Y, — 2B T RUE A A O
i (McFarquhar, 2004; Prat £l Barros, 2009); 5
— S U 3 P A S 6 = SRR A g 2 CFD
(Computational Fluid Dynamics) W 5T > B 0L 53 18
FIUAE R R 25 5L, R4 R T B 0 W (fl 4
RS FIRSE I R 9 K/ 20 A1) (Low Al List, 19825
Testik #11 Barros, 2007; Straub%, 2010; Testik %5,
2011) . HAR FARBIR SRS 45 R —E RS
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JFE, (EE 0 BRE J H AY BERRATE B AT S
B XL PE AL o JEF Ut , Testik Al Rahman (2017)
B T O B R T R T — b G i 22 1
HOD (High—speed Optical Disdrometer), B XX} [#
TS R B8 T TR R AT UL, SRR
Tl 488 4R it 3 I T 56 JEE S 0 2 B TR, AR R
AL o BA W A AR

34 MRSEWMERIE

341 BEREMIRERIE

b TR 2 L L A ARRCELRG BE e 1 B R
IR BRI, Sy RS AT 4 A 5 A ek w580
Rt T AW &R Rk
T D0 B T R T RO A7 O 22 M0 E ) GE AR
DL RS AR 75 35 — W & 3 A — 2 (Bringi 45,
2011; Dai &, 2015),

Shy g b TETRR B35 B IR R 45 A DS I TR B
RREHIRERIE, HASCRRRENEZ I, U
TR 5T 2 8 v AR SR R 5l B T i
R S, UL RN 7 1 D - 28 3 e 22 2
(Chumchean 55, 2006) 1 J5 &8 228 1 (Seo F1
Breidenbach, 2002; Seo, 2013). 14> £ i ffi
MEB—mEITEIF IS, SatmmaitiTiE
TIKREREIE PR R G R 22 . BEALR2E . IR
P55, RAS i T A e IS S BRI IR B

342 REFMIRERIE

b THI R S 3T 7E A E 7R 3k B R Y 3 AR AR EAR
FMER2E, FIN Ry I ML THT R S ) A T
55T T8 1 TR R R O O 7 A OB E I, AT —
R 5r HRR R 22T, s SRR . &
W2 MFEPLIR 224 (Habib %, 2008; Bringi %,
2011). RZHEFEE X TR A —M & A I A — 2
PRI, $5 2P0 7 2 DL AIRAR e M iR 25 X 7R ik
FRR A2 (Dai fll Han, 2014; VillarinZF, 2014;
Kirstetter 2%, 2015; Seo, 2013).

REEMERZERIE T R — A MR B, —
o iR 8 FH — %5 5 14 R 2 3 IO SO0 A= Sy 13 2 A% E
bR, TN A & N R DA S (Bl AF
2000) . R/REZUEWTE (Dinku 5, 2002) . =432
% (BR/MERBOR, 2013) %574k, 5 — K2
o W 732 A I A BR i eS R  ]
FISREE ) Z-R R RAERMITIE R UE (SR 4, 2005;

Cole Fl Moore, 2008; Gerstner ll Heinemann, 2008),
IFER R E R IR it — 2P R, KR AR
2 AE N, R 2 B0 7 vk 247 B /K Al
M (EmZRM TR, 2017),

343 HEEEFRERIE

K22 W R UL 45 SR A e [A) b s (B
] AR A RIRE), SZAE, HBLE R
[ 5 HEAN T, AR — RAE AL R 4 ) B
PR B IR W AT S, A RE A 2%
LK o TS I IR] R A 1 22 2 48 3k TR ok
R T B 00 A5 37 (BT A 8 A W 7k 39 5 S Bk 3 2
W AETERYIR 2 (Piccolo Al Chirico, 2005).

EEXTE R R BER2E, FE AR HIEZ Tk,
F1R WA HFE M, B = B AR . Shapiro 45
(2010) BT T — PP 21 Ui 43 i 76 25 ) AR 4k
1 S 3 R 3 AR IE 9% o Atencia 5% (2011)
i It Pt T A AR VG i vk, ST T A IR e
ARBEAK I Z-R I, BT SEBRE TN AL T2 . Seo
Ml Krajewski (2015) i Hy — Ffoxh 75 14 B 8] SR A 52
AT AREIE A3, BRI P K s SR R )
BT S ORI 281 ) 285 8 TR A7 %) 08 A 1 ke £ 5
RS R R BRI EIRERIEFES, &
8 U A 2 1% w0 A 0/ e 2 iR 2%
WA B 75 R REASFE 1 min PN SERE 1 AMAH, &ifL
G5 W 15 5—6 min MR AR E BR, 7T A 80K 35
Bf AR BEIR 22 (440 55, 2009; X B 45,
2014)

AT T S 2 PR Ry A K ) SRR A RN
Wk HsF ek T e AT 3 32 52 AR T A A = 2R T Y
A (AR FE IR 22 (Tang %5, 2015). HCHE B2 b ki
[i1] D i fpe S8 3T J 0], AT RE Pk e 5 TR TRk (R
SR IT I M LB ISR RS (R 45, 2019), Al
B SOV IR TR JEOBIE B b TR  5 I BdE MR
ISR A PR | R AR 22 A T A (5K
A A6, 2018; fEEA 5§, 2019),

4 Wy Re

41 ZREMRERRE

A AORTC, ML 9 A PG TR R 23 R
JE R ZORANIR] - ARHAR TR 285 I 25 0 H R 1 %
i, DN 22 N | 22 K [ R 7 il 0] 18 5 1l
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SERERLAOR | ERR MR RN RE A T T
Ko W o RUBE D7 e KRR 2 FIOK SO 2 i 42
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SE DREFRG IR E TR0, WA k2
BLF BEIK RN K A B8 R - 22 M) A e 56 2 g o7 ol
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7T e R 235 SR AL 25 PR Ay [ K A e PR [l D1 A
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e i X ELRIFSE A B AL I 5 8 R N B S RO A
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42 ETFsEAHBEREHMERENRE

ZHE R AR R (R IREFR
M, — OO A X B ) A T 0 4 A e KR
2, JUE AR AR TP R . R A
204FEHL, EZEM MM, ZRE. ZUEHIL
B AR R AT 41 45 % 1 A B 7 i 7 i R e
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FET 28 ROBER VG FE [ R, 338 0K 7 85 il e B2
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R, SRR B MG R R . AN, BRI
B 2o B ) B AL P o B R K 7 IR
R R ARIIFSE -
4.3 Kk WiEHYERE G RETNRE

1858 T Th — RN fE T Y 25 508 F Bk A
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Abstract: Rainfall is a key link in the earth’s water cycle and one of the most important inputs to hydrological and land surface models.
Thus far, radar-based rainfall information has been widely used in global surface hydrology process simulation, disastrous weather forecast,
flood control, and disaster relief because it provides data with a high spatial and temporal resolution that improves rainfall representation. In
recent years, precipitation radar has gradually developed in a multiangle, multifrequency, dual-polarization, multiresolution, and
multiantenna direction under different meteorological observation requirements and rainfall application scenarios. The radar observes
rainfall in the air. Meteorological and hydrological research have different requirements for rainfall observation on the temporal and spatial
scales. Thus, a series of conversion processes from radar rainfall observation in the air to the land surface generates considerable
uncertainties. Thus, the accuracy of radar precipitation must be improved by systematic deviation corrections and data processing.

In this study, a comprehensive review of the process of radar rainfall inversion aims to provide a general picture of the current state of
multimode radar technology. First, the development characteristics of multimode radar remote sensing technology were summarized.
Afterward, the basic process of converting aerial rainfall observed by radar to the surface of the land surface was sorted out. Furthermore,
we reviewed and summarized the major progress and methods of precipitation radar rainfall inversion. The upscaling and downscaling
applications in hydrological and land surface models were compared in the literature review. Then, we analyzed the factors causing the air-
land surface rainfall deviation in the radar, such as raindrop evaporation, drift, and fragmentation. The calculation method of raindrop
evolution deviation was also summarized. Moreover, we summarized the current methods for correcting radar rainfall based on ground-
based reference rainfall, such as the rainfall observed by rain gauges. Finally, on the basis of this review, we discussed the existing major
challenges and prospects in multimode radar precipitation, including developing multiscale inversion of surface rainfall, multimodel surface
rainfall data fusion, surface rainfall inversion considering microphysical deviation of raindrops, and multimode radar data mining based on
machine learning.

Key words: weather radar, radar precipitation estimation, radar remote sensing, multi-mode, urban waterlogging
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