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Assessment of precipitation detection capacity of MRR via comparisons with two
kinds of ground precipitation instruments

LI Bo', ZHANG Bingsong®, GAO Lan’, YAN Jing’, CHENG Changyu?, LAI Chen’

(1. China Yangtze Power Co., Ltd., Yichang 443002; 2. Hubei Meteorological Information and
Technological Support Center, Wuhan 430074)

Abstract: Retrieval results of Micro Rain Radar (MRR) are affected by various factors. To evaluate the precipitation detection capability
and application performance of MRR, we take rain gauge observations as the benchmark. Based on raindrop size distribution data and
retrieved characteristic parameters measured by MRR and collocated DSGS5 present weather sensor during rainfall events from March
2022 to May 2023 in Xiangyang area, the precipitation detection capability of MRR is assessed from the perspectives of different detection
heights and rainfall types. Moreover, observations from a typical precipitation case on 4 May 2023 are selected to analyze the practical
application effect of MRR. The results are as follows. (1) Hourly rainfall values detected by MRR at the height of 100 m agree best with
those measured by the rain gauge. (2) MRR achieves optimal detection performance for stratiform precipitation compared with convective
precipitation and light rain. (3) For convective precipitation, the contributions of medium and large raindrops to rain rate derived from
MRR are smaller, while the number concentration of small raindrops and their contribution to rain rate are larger relative to DSG5. (4) In
the typical precipitation case over Xiangyang, MRR can clearly capture the vertical structure of the melting-layer bright band. The height
of the bright band remains stable at approximately 3.8 km for both stratiform precipitation and light rain. For stratiform precipitation,
hydrometeors undergo complex phase transitions at the melting layer and finally melt into raindrops. During their fall to the surface, small
raindrops mainly experience collision-coalescence and evaporation processes, and medium raindrops contribute the most to surface rain
rate.

Key words: micro rain radar; raindrop size distributions; comparative evaluation; microphysical structure characteristics of precipitation
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Fig. 1 Location of Xiangyang region (the red pentagram) in the Yangtze

River Basin (The blue curve represents the Yangtze River and its

class [ tributary)
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Table 1 Samples, accumulated rainfalls, and their proportions

corresponding to different rain types at Xiangyang station
from March 2022 to May 2023
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Fig. 2 DSG5-observed number of raindrops () as a function of the falling velocity (V) and drop diameter (D) corresponding to (a) light rain, (b) stratiform

rain, and (c) convective rain at Xiangyang station from March 2022 to May 2023. Shadow represents log,,(n), black curve represents the Atlas empirical

relationship between diameter and velocity (Atlas et. al., 1973) and grey dashed lines denote £60% range of the experience relationship
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Table 2 Accumulated rainfalls and their relative deviations estimated by

MRR, DSGS5, and RG corresponding to different rain types
at Xiangyang station from March 2022 to May 2023

SR /mm AR 22/%
RIS
MRR  DSGS5 RG MRR  DSGS5
3Rk 138.78 108.46 158.00 -—12.17 -31.35
BEREBIK 32373 179.53  311.30 3.99 —4233
YR aREK 28240 12509 181,70 5542 -31.16

B %FTE5FE/K, MRR, DSG5 il RG ) 23 [ i
4391k 138.78. 108.46 F1 158.00 mm, Fif ¥ % AH XS T
RG A% 22 5 5 H—12.17% F1-31.35%. X F)2R=
F% 7K, MRR., DSG5 #il RG B9 2 3 [ i & 4> %1 Ky
323.43. 179.53 H1 311.30 mm, Fij ¥ # A% T RG 11
FZH 3.99% F1-42.33%. X TR = 7K, MRR
DSGS5 1 RG R 211 [ W & 4351 h 282.40, 125.09 Fl
181.70 mm, {j Bi& A X T RG B9 2250 )k 55.42%
1-31.16%.

SKT S, MBS T RG, DSGS5 15 i P T 26 50 4%
PFF 0 B R 34 B AY, T MRR AR 55 B 7K
I A BRI T R RN 2, 76 2R 2 B KRN I = B K e
w il BT R . Y R 2R AR 2R s K
MRR ) 22 1155 R 22 A X i 22 /0N, T 24 4 R S 76y
X3 2 B 7K, MRR 119 523 B2 W 2 A R O 25 e

Sy ik — 2 W AN [A] BE W 2E B MRR il DSGS
FHXTF RG A SR 1 22, 42 JEAS [) [ i 2 280 %oF
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Fig. 5 The (a) Mean raindrop spectra log,,N(D) and (b) mean precipitation rate spectra log,,R(D) corresponding to MRR and DSG5

under different rain types at Xiangyang station from March 2022 to May 2023
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Fig. 6 Time-height profile of (a) radar reflectivity Z, (b) liquid water content LWC, and (c) rain rate R obtained by MRR during the precipitation event

at Xiangyang station on May 4, 2023
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Fig. 7 Contour plots of MRR-retrieved (a) mean raindrop spectra log, V(D) and (b) mean precipitation rate spectra log, ,R,(D) for stratiform rain in the two-

dimensional space of raindrop diameters D and heights during the precipitation event at Xiangyang station on May 4, 2023

(2013) LUK A& AR5 (2023) BIBTFESS 18—

AN, B 7 8 BoR, BEE =T R, TR R E 2
LA, log,oN(D) M1 log, Rp(D) 447 75 WAtk 1 Bk A5
PR, X 52520 R T ARZS 0 & 278 b i e
. BT MRR FET15E DSD BB A W8I0 X5 42 A
TAS TR, BT LAAR SC R E M R 25245 LU DSD
(IASAEAFAE . 7E 3.5~1.0 km PN, /NI IH B, b
T I I T 22, KR T WS Bl 2, R I B 2 LA/
T Al Sy v S5 R IR LA S KT A R A T, 3R
Al REAATE/ NI 28 % o 7F 1 km DL, ZNEO TR ek 2>

O Ay B S, A5 TR 4 22 o A B e, KTV O £
B, 26 WIIZ R B )2 L /IN T 9 Rl I A v A5 R TR AT R
W A A 3, HLAE IR % 3.5~1.0 km A S5

3 HigSitie

A ST A HBIX 2022 4 3 H 1 H—2023 4
57 11 HiM A (MRR), FEKIGAL (DSGS LA K
i B - 2T (RG) WL B, X6 A ] [ 1 2k A
FASTR] /=7 BT MRR S Y 19 /)8 B 8 TR 2t A 2201 P R
SEAFHEATXS LG A FPEAL, RIS T MRR OO (1 58



2R, S BT S TR UL £S5 X L A4 R 7R K R K P BE 0 A 541

FHHBLIX 2023 4 5 F 4 H — W B AIRE KRR XS R 9 6L
Y HAE LSRR, A3 DU 2 EAE L

(1) MRR 7E & & 24 100 m B 5 RG WL {1 f% N
i, BEE &M 100 m FTFE 600 m, MRR 5
RG /N [ 9 5 A AH O R B A R0 a7 4
XFHE ST iR 2EZ K, SRR 1.324 F B/
% 0.935, #HE N —0.532 BHTHINE 0.621,

(2) MRR 7E JZ 4R 2= B K I B SR80 1k e e £ . ok
Witz B K BE, MRR 25 55 5 Al 96 TR 5 559 B /K R
MRR 2 5 (A B T 5 200K = B /K B, MRR X 821
R T S T R AT, 5 RGO /NS 3 T 2 1) A G 2R 4
LA RES a1 1, RS/

(3) HH# T DSGS, X i 2« B /K BF MRR H 45 [T
TRV T T 63 T 23 79 o AR 340 O /1, 1T /N R 0k
X e TR 2 ) BT R K o i R B LR A R
XoF 7N RRT i 110 T8 8855 T 1] B 2 5 BONHIE 2 B 7K B MRR
BTN R K E R 2 —

(4) MRR LI f1% 35 BH o7 — Yk B8 R Kk AR o, 2
AR 2 [ A I 553 ok K R I 110 2 5 23 s o B AR R
7E 3.8 km i 47 X F IR B K, B FERE R A
02 2% W RR A7 Ak B 2 fal A BT VR, A A 2 b T 2o
R B D /N T PR N 2K K A R, 1 km DA
%) T 3 Tl I R4 3.5~1.0 km 5, 45 R 1% XoF Hb T
o T 238 ) BTk e K

AT MRR, —ZEBEH 25 F T DSGS [ i i/
T 7 - X0 T AR R P, MIRR SIS 1 Ay
Ik DSG 5 /N T ¥ T A [) 80 (%) 7 28 08 AR 9 o 78
DSGS5 Mk 55 S R FH i, 75 78 4375 % W AR AIE
DL T B ZKOULI 5040 1) mT 5P o [ MRR ELA8
A L HER LN P 34, BEA% S 200 2 i) RN AL | -
e e 5 e A A A R, R e TP T
ASCEAY XU Jey B, A T T i e WL s 25 | et P R
s REARAR I, o8 B BUE R K S 80 ) 255 05
AW AN E

S %30k (References):

e, EHET D BRI Bk 5201 7. FT iR 5 I /K BRGASONS LU WL s 1 AR 7
JH 43 B[]/ % Bl 457 ,45(6):995-1001. Du B, Ma S Q, Liang M Z,
et al. 2017. Observational contrast experiment and application of rain
drop spectrum precipitation phenomenon instrument [J]. Meteoro-
logical Science and Technology,45(6):995—1001 (in Chinese). doi:10.
19517/j.1671-6345.20160724

A5} e T 1S Hadee 25202201 55 DSGS IR K MG 5 parsivel [k
T SN ek 2 HOUE LU 23 WP [J] 2% T K 5 ,41(4):434-444. Fu Z K,
Wan R, Xiao Y J, et al. 2022. Comparison of precipitation measure-
ment by DSGS5 and Parsivel present weather instrument [J]. Torren-
tial Rain and Disasters,41(4):434—444 (in Chinese). doi:10.3969/j.

issn.1004-9045.2022.04.008

A S X BEBH AN, 552015 3 B2 HE AR S 7 MRR S R Ji 15 1 )
N B FE .05 R A2 (1A 8B4 hE),51(3):427-436. He S Y,
Liu XY, Sun D L, et al. 2015. The implementation about the method
of low-bound velocity spectrum reduce errors in MRR retrieval [J].
Acta Scientiarum Naturalium Universitatis Pekinensis,51(3):427-436
(in Chinese). doi:10.13209/j.0479-8023.2014.174

BT BT 5K X, 5. 2014 Parsivel 50 FR I 1 SOOI 455 B K 1) ]
TR AL ] 4814 ,34(1):25-31. Hu Z H, Pu J P, Zhang
H, etal. 2014. Feasibility analyses and recommendations of Parsivel
optical distrometer in measurements of strong precipitation [J]. Tor-
rential Rain and Disasters,34(1):25-31. (in Chinese). doi:10.3969/
2012jms.0184

B I R 4 AL bR 05 5 . 2024 M ) S Ak it 8 K 23 20 A REAE S i
AT 4 <% 46(1):44—48. Huang H M, Chen J X, Yao Q F,
etal. 2024. On the characteristics of spatiotemporal distribution of
short-term, intense rains in Meizhou and the terrain effect [J]. Guang-
dong Meteorology,46(1):44—48 (in Chinese). doi:10.3969/j.issn.100
7-6190.2024.01.010

XU IGETk 505 2 FRYIN, 55 2023 %2 T 43 T 22 J20IR 5 RN I 2= K 1Y
I AR (0], 52 S L L b R4 9T ,43(3):32-39. Liu X L, Guo S Y,
Zheng S S. 2023. Raindrop size distribution characteristics of strati-
form and convective precipitation during rainy season in Anning Riv-
er Valley [J]. Plateau and MountainMeteorology Research,43(3):
32-39 doi:10.3969/j.issn.1674-2184.2023.03.004

LEFAR, F I X 2. 202 1. GR B IR T B B R K R P Y R R
AE[I]/ 09T 5 9 ,42(1):20-26. Jiang T J, Wang X H, Liu S N.
2021. Performance characteristics of micro rain radar in typical pre-
cipitation process in Ningbo [J]. Journal of Meteorological Research
and Application,42(1):20-26. doi:10.19849/j.cnki.CN45—-1356/P.202
1.1.04

GRSk, W kB AR, A5 202085 TR R A 2 WL b 5t IX B A = ik A~
AAVRFAE S AT [T] A 175 B TR K272 417, 35(4):392-399. Rao C, Xi-
ao H, Yao Z D, et al. 2020. Characteristic analysis of precipitation in
summer and winter in Northern China based on micro rain radar Ob-
servation [J]. Journal of ChengDu University of Information Technol-
0gy,35(4):392-399 (in Chinese). doi:10.16836/j.cnki.jcuit.2020.04.
005

R SR A 5 52 2019, W R LR AE AR S I OLI S ).
I 5227 31],30(4):479-490. Song C, Zhou Y Q, Wu Z H. 2019.
Vertical profiles of raindrop size distribution observed by micro rain
radar [J]. Journal of Applied Meteorological Science,30(4):479—
490 (in Chinese). doi:10.11898/1001-7313.20190408

EEBE. 201522 B X B K 22 4R AR AU RRAE B 3443 BT (1] AR A B
$%,10(3):228—230. Wang X N. 2015. Precipitation change character-
istic and trend analysis over mutiple years in Xiangyang [J]. Modern
Agricultural Science and Technology,10(3):228—230 (in Chinese).
doi:10.3969/j.issn.1007-5739.2015.10.138

TR X X, 55 2015 79 K g 7K 2ol AR 1 R R TS R HE 43 BT 0] X
4:,41(5):577-587. Wen L, Liu S, Zhao K, et al. 2015. Precision eval-
uation of micro rain radar observation in two precipitation events [J].
Meteorological Monthly,41(5):577-587 (in Chinese). doi:10.7519/j.
issn.10000526.2015.05.006

ST, A JRAE SR, 452023 FHZR Pl 8 150 11X 25 AU 7K 1) 285
R 4 AR [0 07 R4 25 41 ,34(5):562—573. Wen T Q, Wang G L,


https://doi.org/10.19517/j.1671-6345.20160724
https://doi.org/10.19517/j.1671-6345.20160724
https://doi.org/10.19517/j.1671-6345.20160724
https://doi.org/10.19517/j.1671-6345.20160724
https://doi.org/10.19517/j.1671-6345.20160724
https://doi.org/10.19517/j.1671-6345.20160724
https://doi.org/10.19517/j.1671-6345.20160724
https://doi.org/10.19517/j.1671-6345.20160724
https://doi.org/10.3969/j.issn.1004-9045.2022.04.008
https://doi.org/10.3969/j.issn.1004-9045.2022.04.008
https://doi.org/10.3969/j.issn.1004-9045.2022.04.008
https://doi.org/10.3969/j.issn.1004-9045.2022.04.008
https://doi.org/10.3969/j.issn.1004-9045.2022.04.008
https://doi.org/10.3969/j.issn.1004-9045.2022.04.008
https://doi.org/10.3969/j.issn.1004-9045.2022.04.008
https://doi.org/10.13209/j.0479-8023.2014.174
https://doi.org/10.13209/j.0479-8023.2014.174
https://doi.org/10.13209/j.0479-8023.2014.174
https://doi.org/10.13209/j.0479-8023.2014.174
https://doi.org/10.13209/j.0479-8023.2014.174
https://doi.org/10.13209/j.0479-8023.2014.174
https://doi.org/10.13209/j.0479-8023.2014.174
https://doi.org/10.13209/j.0479-8023.2014.174
https://doi.org/10.13209/j.0479-8023.2014.174
https://doi.org/10.3969/2012jms.0184
https://doi.org/10.3969/2012jms.0184
https://doi.org/10.3969/2012jms.0184
https://doi.org/10.3969/2012jms.0184
https://doi.org/10.3969/2012jms.0184
https://doi.org/10.3969/j.issn.1007-6190.2024.01.010
https://doi.org/10.3969/j.issn.1007-6190.2024.01.010
https://doi.org/10.3969/j.issn.1007-6190.2024.01.010
https://doi.org/10.3969/j.issn.1007-6190.2024.01.010
https://doi.org/10.3969/j.issn.1007-6190.2024.01.010
https://doi.org/10.3969/j.issn.1007-6190.2024.01.010
https://doi.org/10.3969/j.issn.1007-6190.2024.01.010
https://doi.org/10.3969/j.issn.1007-6190.2024.01.010
https://doi.org/10.3969/j.issn.1674-2184.2023.03.004
https://doi.org/10.3969/j.issn.1674-2184.2023.03.004
https://doi.org/10.3969/j.issn.1674-2184.2023.03.004
https://doi.org/10.3969/j.issn.1674-2184.2023.03.004
https://doi.org/10.3969/j.issn.1674-2184.2023.03.004
https://doi.org/10.19849/j.cnki.CN45-1356/P.2021.1.04
https://doi.org/10.19849/j.cnki.CN45-1356/P.2021.1.04
https://doi.org/10.19849/j.cnki.CN45-1356/P.2021.1.04
https://doi.org/10.19849/j.cnki.CN45-1356/P.2021.1.04
https://doi.org/10.19849/j.cnki.CN45-1356/P.2021.1.04
https://doi.org/10.19849/j.cnki.CN45-1356/P.2021.1.04
https://doi.org/10.19849/j.cnki.CN45-1356/P.2021.1.04
https://doi.org/10.16836/j.cnki.jcuit.2020.04.005
https://doi.org/10.16836/j.cnki.jcuit.2020.04.005
https://doi.org/10.16836/j.cnki.jcuit.2020.04.005
https://doi.org/10.16836/j.cnki.jcuit.2020.04.005
https://doi.org/10.16836/j.cnki.jcuit.2020.04.005
https://doi.org/10.16836/j.cnki.jcuit.2020.04.005
https://doi.org/10.11898/1001-7313.20190408
https://doi.org/10.11898/1001-7313.20190408
https://doi.org/10.11898/1001-7313.20190408
https://doi.org/10.11898/1001-7313.20190408
https://doi.org/10.11898/1001-7313.20190408
https://doi.org/10.3969/j.issn.1007-5739.2015.10.138
https://doi.org/10.3969/j.issn.1007-5739.2015.10.138
https://doi.org/10.3969/j.issn.1007-5739.2015.10.138
https://doi.org/10.3969/j.issn.1007-5739.2015.10.138
https://doi.org/10.3969/j.issn.1007-5739.2015.10.138
https://doi.org/10.3969/j.issn.1007-5739.2015.10.138
https://doi.org/10.3969/j.issn.1007-5739.2015.10.138
https://doi.org/10.7519/j.issn.10000526.2015.05.006
https://doi.org/10.7519/j.issn.10000526.2015.05.006
https://doi.org/10.7519/j.issn.10000526.2015.05.006
https://doi.org/10.7519/j.issn.10000526.2015.05.006
https://doi.org/10.7519/j.issn.10000526.2015.05.006
https://doi.org/10.11898/1001-7313.20230505

542

U ve

K

*F LEERE

Zhou R R, etal. 2023. Vertical structure characteristics of preci-
pitation in Médog area of southeastern Tibet during the Monsoon pe-
riod [J]. Journal of Applied Meteorological Science,34(5):562—
573 (in Chinese). doi:10.11898/1001-7313.20230505

SRV PNT 55 2021 F IS PR B AU S AN T 45 R A —
FE M A4 BHEE 49(1):32-39. Wu Y, Liu X C, Sun Y, etal.
2021. Consistency analysis of raindrop-spectrum precipitation pheno-
menon sensor and manual observation results [J]. Meteorological Sci-
ence and Technology,49(1):32-39 (in Chinese). doi:10.19517/j.167
1-6345.20200064

TG A, NI 18, IG5 55 2024, 1L VS il — IR BUZ TR G = FEK B 2
FRAE D]V 5 44 < 42, 18(3):24-31. Yang J M, Sun H P, Tian X
T, etal. 2024. Microphysical characteristics of mixed convective
stratiform cloud precipitation in central Shanxi [J]. Desert and Oasis
Meteorology,18(3):24—31 (in Chinese). doi:10.12057/j.issn.1002—
0799.2024.03.004

SRR AR RSB, AR 5 25,2023, 2020 4 RT I VT I 0 b X R 7 33
T SRR [D]. R T K 3 ,42(4):455-466. Zhou L L, Fu Z K, Xu G
R, etal. 2023. Vertical structures of raindrop size distributions over
the middle and lower reaches of Yangtze River during the Meiyu pe-
riod in 2020 [J]. Torrential Rain and Disasters,42(4):455-466 (in
Chinese). doi:10.12406/byzh.2022244

Adirosi E, Baldini L, Roberto N, et al. 2015. Improvement of vertical pro-
files of raindrop size distribution from micro rain radar using 2D
video disdrometer measurements [J]. Atmospheric Research,169(B):
404—415. doi:10.1016/j.atmosres.2015.07.002

Angulo-Martinez M, Begueria S, Latorre B, etal. 2018. Comparison of
precipitation measurements by OTT Parsivel2 and Thies LPM opti-
cal disdrometers [J]. Hydrology & Earth System Sciences,22(5):
1-37. doi:10.5194/hess—22-2811-2018

Atlas D, Srivastava R C, Sekhon R S. 1973. Doppler radar characteristics
of precipitation at vertical incidence [J]. Reviews of Geophysics and
Space Physics,11(1):135. doi:10.1029/011i001p00001

Battaglia A, Rustemeier E, Tokay A, et al. 2010. Parsivel snow observa-
tions: a critical assessment [J]. Journal of Atmospheric& Oceanic
Technology,27(2):333—344. doi:10.1175/2009JTECHA1332.1

Blocken B, Poesen J, Carmeliet J. 2006. Impact of wind on the spatial dis-
tribution of rain over micro-scale topography-numerical modelling
and experimental verification [J]. Hydrological Processes,20(2):1-27.
doi:10.1002/hyp.5865

Bringi V N, Chandrasekar V, Hubbert J, et al. 2003. Raindrop size distri-
bution in different climatic regimes from disdrometer and dual-polar-
ized radar analysis [J]. Journal of the Atmospheric Sciences,60(2):
354-365. doi:10.1175/1520—-0469(2003)0602.0.CO;2

Chen B, Yang J, Pu J. 2013. Statistical characteristics of raindrop size dis-
tribution in the meiyu season observed in eastern China [J]. Journal of
the Meteorological Society of Japan,91(2):215-227. doi:10.2151/jm-
$j.2013-208

Janapati J, Seela B K, Lin P L, et al. 2020. Raindrop size distribution char-

acteristics of indian and pacific ocean tropical cyclones observed at

India and Taiwan sites [J]. Journal of the Meteorological Society of
Japan,98(2):299-317. doi:10.2151/jmsj.2020-015

JiL, Chen H, Li L, et al. 2019. Raindrop size distributions and rain charac-
teristics observed by a parsivel disdrometer in beijing, northern Chi-
na [J]. Remote Sensing,11(1479):1-21. doi:10.3390/rs11121479

Kidd C, Graham E, Smyth T, etal. 2021. Assessing the impact of light/
shallow precipitation retrievals from satellite-based observations us-
ing surface radar and micro rain radar observations [J]. Remote Sens-
ing,13(9):1-13. doi:10.3390/rs13091708

Kirankumar N V P, Kunhikrishnan P K. 2013. Evaluation of performance
of micro rain radar over the tropical coastal station Thumba (8.5°n,
76.9°¢) [J]. Atmospheric Research,134(2013):56—63. doi:10.1016/j.
atmosres.2013.07.018

Kruger A, Krajewski W F. 2002. Two-dimensional video disdrometer: a
description [J]. Journal of Atmospheric & Oceanic Technology,19(5):
602—-617. doi:10.1175/1520-0426(2002)0192.0.CO;2

Luo L, Guo J, Chen H, et al. 2021. Microphysical characteristics of rain-
fall observed by a 2DVD disdrometer during different seasons in Bei-
jing, China [J]. Remote Sensing,13(2303):1-23. doi:10.3390/rs13
122303

Tokay A, Petersen W A, Gatlin P, et al. 2013. Comparison of raindrop size
distribution measurements by collocated disdrometers [J]. Journal of
Atmospheric and Oceanic Technology,30(8):1672—1690. doi:10.
1175/JTECH-D—-12-00163.1

Tridon F, Baelen J V, Pointin Y. 2011. Aliasing in micro rain radar data
due to strong vertical winds [J]. Geophysical Research Letters,38(2):
79-89. doi:10.1029/2010GL046018

Urgilés G, Célleri R, Trachte K, et al. 2021. Clustering of rainfall types us-
ing micro rain radar and laser disdrometer observations in the Tropi-
cal Andes [J]. Remote Sensing,13(5):1-22. doi:10.3390/rs13050991

Wang H, Lei H, Yang J. 2017. Microphysical processes of a stratiform
precipitation event over Eastern China: analysis using micro rain
radar data [J]. Advances in Atmospheric Sciences,34(12):1472—1482.
doi:10.1007/500376—-017-7005—6

Wen L, Zhao K, Zhang G, et al. 2016. Statistical characteristics of rain-
drop size distributions observed in East China during the Asian sum-
mer monsoon season using 2D video disdrometer and Micro Rain
Radar data [J]. Journal of Geophysical Research: Atmospheres,121(5):
2265-2282. doi:10.1002/2015JD024160

Zeng Y, Li J, Yang L, etal. 2023. Microphysical characteristics of rain-
drop size distribution and implications for dual-polarization radar
quantitative precipitation estimations in the Tianshan mountains, Chi-
na [J]. Remote Sensing,15(10):1-19. doi:10.3390/rs15102668

Zhou L, Dong X, Fu Z, et al. 2020. Vertical distributions of raindrops and
Z-R relationships using microrain radar and 2-D-video distrometer
measurements during the integrative monsoon frontal rainfall experi-
ment (IMFRE) [J]. Journal of Geophysical Research: Atmospheres,
125(3):1-18. doi:10.1029/2019JD031108

(F1EHhEE BEAKZ)


https://doi.org/10.11898/1001-7313.20230505
https://doi.org/10.11898/1001-7313.20230505
https://doi.org/10.11898/1001-7313.20230505
https://doi.org/10.11898/1001-7313.20230505
https://doi.org/10.19517/j.1671-6345.20200064
https://doi.org/10.19517/j.1671-6345.20200064
https://doi.org/10.19517/j.1671-6345.20200064
https://doi.org/10.19517/j.1671-6345.20200064
https://doi.org/10.19517/j.1671-6345.20200064
https://doi.org/10.19517/j.1671-6345.20200064
https://doi.org/10.19517/j.1671-6345.20200064
https://doi.org/10.19517/j.1671-6345.20200064
https://doi.org/10.12057/j.issn.1002-0799.2024.03.004
https://doi.org/10.12057/j.issn.1002-0799.2024.03.004
https://doi.org/10.12057/j.issn.1002-0799.2024.03.004
https://doi.org/10.12057/j.issn.1002-0799.2024.03.004
https://doi.org/10.12057/j.issn.1002-0799.2024.03.004
https://doi.org/10.12057/j.issn.1002-0799.2024.03.004
https://doi.org/10.12406/byzh.2022244
https://doi.org/10.12406/byzh.2022244
https://doi.org/10.12406/byzh.2022244
https://doi.org/10.1016/j.atmosres.2015.07.002
https://doi.org/10.1016/j.atmosres.2015.07.002
https://doi.org/10.5194/hess-22-2811-2018
https://doi.org/10.5194/hess-22-2811-2018
https://doi.org/10.5194/hess-22-2811-2018
https://doi.org/10.5194/hess-22-2811-2018
https://doi.org/10.5194/hess-22-2811-2018
https://doi.org/10.5194/hess-22-2811-2018
https://doi.org/10.5194/hess-22-2811-2018
https://doi.org/10.5194/hess-22-2811-2018
https://doi.org/10.1029/011i001p00001
https://doi.org/10.1029/011i001p00001
https://doi.org/10.1029/011i001p00001
https://doi.org/10.1175/2009JTECHA1332.1
https://doi.org/10.1175/2009JTECHA1332.1
https://doi.org/10.1175/2009JTECHA1332.1
https://doi.org/10.1002/hyp.5865
https://doi.org/10.1002/hyp.5865
https://doi.org/10.1175/1520-0469(2003)0602.0.CO;2
https://doi.org/10.1175/1520-0469(2003)0602.0.CO;2
https://doi.org/10.1175/1520-0469(2003)0602.0.CO;2
https://doi.org/10.1175/1520-0469(2003)0602.0.CO;2
https://doi.org/10.2151/jmsj.2013-208
https://doi.org/10.2151/jmsj.2013-208
https://doi.org/10.2151/jmsj.2013-208
https://doi.org/10.2151/jmsj.2013-208
https://doi.org/10.2151/jmsj.2013-208
https://doi.org/10.2151/jmsj.2013-208
https://doi.org/10.2151/jmsj.2013-208
https://doi.org/10.2151/jmsj.2020-015
https://doi.org/10.2151/jmsj.2020-015
https://doi.org/10.2151/jmsj.2020-015
https://doi.org/10.2151/jmsj.2020-015
https://doi.org/10.2151/jmsj.2020-015
https://doi.org/10.3390/rs11121479
https://doi.org/10.3390/rs11121479
https://doi.org/10.3390/rs13091708
https://doi.org/10.3390/rs13091708
https://doi.org/10.3390/rs13091708
https://doi.org/10.3390/rs13091708
https://doi.org/10.1016/j.atmosres.2013.07.018
https://doi.org/10.1016/j.atmosres.2013.07.018
https://doi.org/10.1016/j.atmosres.2013.07.018
https://doi.org/10.1175/1520-0426(2002)0192.0.CO;2
https://doi.org/10.1175/1520-0426(2002)0192.0.CO;2
https://doi.org/10.1175/1520-0426(2002)0192.0.CO;2
https://doi.org/10.1175/1520-0426(2002)0192.0.CO;2
https://doi.org/10.3390/rs13122303
https://doi.org/10.3390/rs13122303
https://doi.org/10.3390/rs13122303
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1029/2010GL046018
https://doi.org/10.1029/2010GL046018
https://doi.org/10.3390/rs13050991
https://doi.org/10.3390/rs13050991
https://doi.org/10.1007/s00376-017-7005-6
https://doi.org/10.1007/s00376-017-7005-6
https://doi.org/10.1007/s00376-017-7005-6
https://doi.org/10.1007/s00376-017-7005-6
https://doi.org/10.1007/s00376-017-7005-6
https://doi.org/10.1007/s00376-017-7005-6
https://doi.org/10.1007/s00376-017-7005-6
https://doi.org/10.1007/s00376-017-7005-6
https://doi.org/10.1002/2015JD024160
https://doi.org/10.1002/2015JD024160
https://doi.org/10.3390/rs15102668
https://doi.org/10.3390/rs15102668
https://doi.org/10.1029/2019JD031108
https://doi.org/10.1029/2019JD031108

	引　言
	1 研究区域及资料与方法
	1.1 研究区域
	1.2 资料说明
	1.3 研究方法
	1.3.1 降水相关物理量计算
	1.3.2 降雨类型分类
	1.3.3 DSG5数据质量控制


	2 结果分析
	2.1 不同高度层MRR与RG小时降雨量对比
	2.2 MRR、DSG5与RG累计降雨量对比
	2.3 MRR与DSG5平均雨滴谱及降水率谱对比
	2.4 基于 MRR 观测的典型降水个例微物理垂直结构特征

	3 结论与讨论
	参考文献

