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Fig. 1 Elevation and disdrometer network in study area
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%2 DPRKE-RMEGXZE
Table 2 Fitting empirical relationships between KE and R

72 3 AW 1Al s B LA th A G R it 2y
S, T T 40 5 DPR T KE-R 25 3 5 52 bRl
PIFDCE R, A 3B BTN bR T34 xR
22 (MAE) . #1222 (RMSE) il Pearson #H ¢
FE RAEGIR T, S CFY MAE 311, RMSE
1417, UL DPR i B KE 3536 f & . L2 a] L
A, A Ul i DPR S A9 KE-R %5 3 ) Pearson
ZE T 0.50, H KR Z 0k &) Pearson 2 4 A] ik
0.60 LA I, FEmiil . #2%%uid, MXRHEER
L 0.70, EH] DPR G M THERT KE F1 R Z 8] (1)
SR FR, WIAE S A GORHEE = 19 XA AR B

Iy T T GPM
M KE=16.88(1-0.72exp(~0.24R)) KE=15.82(1-0.51exp(~0.50R))
7R KE=16.94(1-0.71exp(-0.17R)) KE=16.44(1-0.54exp(-0.38R))
Z=M KE=16.53(1-0.72exp(-0.23R) ) KE=21.76(1-0.61exp(-0.16R) )
i KE=15.45(1-0.70exp(-0.25R) ) KE=14.27(1-0.47exp(-0.54R) )
M KE=18.29(1-0.74exp(~0.16R)) KE=15.15(1-0.52exp(-0.71R))
BN KE=14.40(1-0.71exp(-0.48R)) KE=14.85(1-0.46exp(-0.51R))
# % KE=15.07(1-0.72exp(~0.45R)) KE=17.00(1-0.57exp(-0.41R))
s KE=15.11(1-0.69exp(-0.55R) ) KE=15.24(1-0.58exp(—0.68R) )
Hhe KE=15.54(1-0.65exp(~0.48R)) KE=15.96(1-0.52exp(~0.37R))
IR KE=13.71(1-0.72exp(-0.73R) ) KE=14.07(1-0.41exp(-0.37R))
B KE=13.68(1-0.72exp(-0.74R)) KE=14.12(1-0.54exp(-0.78R) )
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Table 3 Comparison of evaluated indicators for

=3 Py} MAE RMSE Pearson 251
1 A 3.72 4.95 0.54
2 M 3.44 4.04 0.65
3 M 3.51 432 0.62
4 R iE 3.29 3.98 0.75
5 M 4.21 5.31 0.57
6 W 3.58 4.84 0.61
7 =M 3.09 3.93 0.79
8 s 2.56 3.30 0.71
9 s 2.16 3.62 0.66
10 I 1.97 2.47 0.64
11 B 2.68 3.78 0.67

FHIME 3.11 4.05 0.66
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Table 4 Fitting empirical relationships between Z and R

Ul I GPM

2B 7=584.16R"" 7Z=322.16R'*
M Z=391.38R"* 7=379.82R'*
ZZM 7=427.64R"* 7=333.34R""
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Table 5 Indicator comparison of CDF for relationship between Z and R of the six R classes in Hangzhou station
R MAE RMSE Pearson Z 4{
R1 0.0010 0.02 0.96
R2 0.0014 0.01 0.99
R3 0.0024 0.01 1.00
R4 0.0098 0.03 0.99
R5 0.0478 0.08 0.97
R6 0.0627 0.08 0.98
4 25 i ﬁ%mﬁﬁ\ﬁ%ﬁﬂﬁ%%ﬁﬁﬁﬁﬁﬁ,ﬁ
WA AR Z-R. KE-R X RFIRHIAE

WF5E DSD FRAE X F itk — 2 1 ff sl i .

PG T SR M AT T R SRR . O T e g



RV AF - GPMOUSUI AR S8 UL £ = A DXl R FR 4 BRARR E 23-A 1625

25 55 N AR I 2 SR s R AR B AN ) Jm B
ASCHR ] GPM A 27 35 DPR #3525 K
R [ W i e A B RS DA = A b DR
TS B o e, % GPM-DPR i DSD 24 L)
KRR | R T Bh BE AN A IR N F S S5
MBI HEAT T VP4l . FREs R

(1) X HC RO % 3% AR DPR A R 7% 3% 2 50U 1
BRAT LA B . FEMIR R2ZEHIF, KZ Uk 5 DPR
ST ) D, W T RRTH A S 45 5, 1 DPR N,
L I 0 A ST 000 /S o 59 3 T e T ) SO
T, RN RS B R A R 2 N R s,
SUA /34 i o BE (X R, DPR Uy F 0
UK S & N S N AR AR B W RS B eteodss Y TR =y
T X0

(2) DPR S5 2 KE 3555045 16 H i 3%
KE-RZ5 AWM, 1568 DPR S {815 21 19 KE F1 R
A DL M S B L2806 56 2R . 2800 15 Y Pearson
FBATIA0.60 LA b, FERGIE . 5% 245505 8, AHR
FBELE L 0.70, UERH DPR i A F T HEWT KE Rl
RZIAMAI K FR, RIFES S RHE = 0 KA X
T S T LR N U B G R IR ) . 32
SLIURS B2 52, DPROMELLERIN S D, AR5 /N T
DR HL S 7 A5 31 1) KE 22 LU TR) R 95 3] FR 9 3% S 2 T
ZERIARA K 3—5 T m™> - mm™' &

(3) JIr4G ¥ 5 DPR S £33 (1) Z-R & R W
T TSI B LA 15 B 1Y Z-R G R i & Ax 1k
YA oI, o, DPR 5 RAE# 0.5 mm-h ' i
TS, B/ IR 2 AR 2 A e

SR, DPR Ik 18 BH AT AR 47 19
DSD 5 W AR AR A PERE , A SR AE M T U0 B2 = X
WORETEM . R, hTREREREAR
B HEPE, DPR JG X [R] — M XA B 9 S R R 17 3%
SL, BARm e, LA A R A HE
70 B PRI 380 A ScH A, BRI T N FH g
PRI, Ay S 300 6] T 7 o 0 L R O B O ) £ 5
— 7 I EEAR OIS R (%) DPR £, 5 — 5 i
A DPR B 1 9 4 1E T 55 8008 R S = A Rl
G, DV KORUEE B 3k B TR A I 5 7K - AR R O
PRI Y SRR

B O BRHBERABRTREFRS TS -
RWKRAAHFHEFPS-—KIZZANH PO
(http://nnu.geodata.cn: 8008, [2022—05—-11]) #4%

e X 3%,

2% 3Lk (References)

AnYY,Jin F L, Zhang Y F and Zu X M. 2008. Automatic identifica-
tion methods of ground raindrop spectrum observation and image.
Journal of Applied Meteorological Science, 19(2): 188-193 (‘%
E, GRUE, Tk, HIFHE . 2008, Hu T FT I 1E UL 4 (S B )
BT 8k . SR 24 4, 19(2): 188-193) [DOT: 10.3969/j.issn.
1001-7313.2008.02.008]

Angulo-Martinez M, Begueria S and Kysely J. 2016. Use of disdrome-
ter data to evaluate the relationship of rainfall kinetic energy and
intensity (KE-I). Science of the Total Environment, 568: 83-94
[DOI: 10.1016/j.scitotenv.2016.05.223]

Atlas D and Ulbrich C W. 1977. Path- and area-integrated rainfall mea-
surement by microwave attenuation in the 1-3 cm band. Journal
of Applied Meteorology, 16(12): 1322-1331 [DOI: 10.1175/1520-
0450(1977)016<1322:PAAIRM>2.0.CO;2]

Bringi V N, Chandrasekar V, Hubbert J, Gorgucci E, Randeu W L and
Schoenhuber M. 2003. Raindrop size distribution in different cli-
matic regimes from disdrometer and dual-polarized radar analy-
sis. Journal of the Atmospheric Sciences, 60(2): 354-365 [DOI:
10.1175/1520-0469(2003)060<0354:RSDIDC>2.0.CO;2]

Dai Q and Han D W. 2014. Exploration of discrepancy between radar
and gauge rainfall estimates driven by wind fields. Water Resourc-
es Research, 50(11): 8571-8588 [DOI: 10.1002/2014WR015794]

Dai Q, Yang Q Q, Han D W, Rico-Ramirez M A and Zhang S L. 2019.
Adjustment of radar-gauge rainfall discrepancy due to raindrop
drift and evaporation using the weather sesearch and forecasting
model and dual-polarization radar. Water Resources Research, 55(11):
9211-9233 [DOI: 10.1029/2019WR025517]

Dai Q, Zhu J X, Zhang S L, Zhu S N, Han D W and Lv G N. 2020. Es-
timation of rainfall erosivity based on WRF-derived raindrop size
distributions. Hydrology and Earth System Sciences, 24(11):
5407-5422 [DOI: 10.5194/hess-24-5407-2020]

Iguchi T, Seto S, Meneghini R, Yoshida N, Awaka J, Kubota T, Le M,
Chandrasekar V, Brodzik S and Kubota T. 2018. GPM/DPR level-2
algorithm theoretical basis document (Version 6). Goddard Earth
Sciences Data and Information Services Center, Greenbelt, MD,
USA

Jameson A and Kostinski A. 2001. Reconsideration of the physical and
empirical origins of Z-R relations in radar meteorology. Quarterly
Journal of the Royal Meteorological Society, 127(572): 517-538
[DOTI: 10.1256/smsqj.57213]

Kirankumar N V P, Rao T N, Radhakrishna B and Rao D N. 2008. Sta-
tistical characteristics of raindrop size distribution in southwest
monsoon season. Journal of Applied Meteorology and Climatology,
47(2): 576-590 [DOI: 10.1175/2007JAMC1610.1]

Li N and Lu M Q. 2015. A brief introduction to spaceborne precipita-



1626 National Remote Sensing Bulletin i & 54k 2023,27(7)

tion radar. The Science Education Article Collects, (27): 175-177.
(ZEFE, FA3EYT. 2015, ALEI T IA 4 . BHEOULE, (27): 175-
177) [DOI: 10.3969/j.issn.1672-7894.2015.27.083]

Liao L, Meneghini R and Tokay A. 2014. Uncertainties of GPM DPR
rain estimates caused by DSD parameterizations. Journal of Applied
Meteorology and Climatology, 53(11): 2524-2537 [DOI: 10.1175/
JAMC-D-14-0003.1]

Liu S N and Wang G L. 2020. Study on the impacts of DSD parame-
ters on precipitation estimation using dual-frequency radar. Plateau
Meteorology, 39(3): 570-580 (XIS, T2l . 2020. DSD &4
X XSCHE T 3 A I R K B S R F Y . B USRL 39(3): 570-580)
[DOI: 10.7522/j.issn.1000-0534.2019.00092]

Prigent C. 2010. Precipitation retrieval from space: an overview.
Comptes Rendus Geoscience, 342(4/5): 380-389 [DOI: 10.1016/].
crte.2010.01.004]

Radhakrishna B, Satheesh S K, Narayana Rao T, Saikranthi K and
Sunilkumar K. 2016. Assessment of DSDs of GPM-DPR with
ground-based disdrometer at seasonal scale over Gadanki, India.
Journal of Geophysical Research: Atmospheres, 121(19): 11792-
11802 [DOI: 10.1002/2015JD024628]

Scheleusener P. 1967. Drop size distribution and energy of falling rain-
drops from a medium pressure irrigation sprinkler. Ph.D. Thesis,
Michigan State University, East Lansing, MI, USA

Sun Q Z, Wang C J, Zhao J, Zheng J and Chen J Y. 2011. Research
evolution of rainfall erosivity (R) in China. Chinese Agricultural
Science Bulletin, 27(4): 1-5 (FMRHE, FHIZE, B, FBIE, MRshH .
2011, R RAGFMIPFEIERE . s R, 27(4): 1-5)

Tokay A, Petersen W A, Gatlin P and Wingo M. 2013. Comparison of
raindrop size distribution measurements by collocated disdrome-
ters. Journal of Atmospheric and Oceanic Technology, 30(8):
1672-1690 [DOI: 10.1175/JTECH-D-12-00163.1]

Uijlenhoet R, Steiner M and Smith J A. 2003. Variability of raindrop

size distributions in a squall line and implications for radar rain-
fall estimation. Journal of Hydrometeorology, 4(1): 43-61[DOI:
10.1175/1525-7541(2003)004<0043:VORSDI>2.0.CO;2]

Ulbrich C W. 1983. Natural variations in the analytical form of the
raindrop size distribution. Journal of Climate and Applied Meteo-
rology, 22(10): 1764-1775 [DOI: 10.1175/1520-0450(1983)022<
1764:NVITAF>2.0.CO;2]

Wischmeier W H and Smith D D. 1958. Rainfall energy and its rela-
tionship to soil loss. Eos, Transactions American Geophysical
Union, 39(2): 285-291 [DOI: 10.1029/TR039i002p00285]

Wischmeier W H and Smith D D. 1978. Predicting rainfall erosion
losses: a guide to conservation planning, Agriculture Handbook
537. Department of Agriculture, Washington, DC, US

Wu Z H, Zhang Y, Zhang L F, Lei H C, Xie Y Q, Wen L and Yang J F.
2019. Characteristics of summer season raindrop size distribution
in three typical regions of western Pacific. Journal of Geophysi-
cal Research: Atmospheres, 124(7): 4054-4073 [DOI: 10.1029/
2018JD029194]

Yang Q Q, Dai Q, Han D W, Chen Y H and Zhang S L. 2019. Sensitivity
analysis of raindrop size distribution parameterizations in WRF
rainfall simulation. Atmospheric Research, 228: 1-13 [DOI: 10.1016/
j.atmosres.2019.05.019]

Zhu J X, Zhang S L, Yang Q Q, Shen Q, Zhuo L and Dai Q. 2021.
Comparison of rainfall microphysics characteristics derived by nu-
merical weather prediction modelling and dual-frequency precipi-
tation radar. Meteorological Applications, 28(3): €2000 [DOI: 10.
1002/met.2000]

ZhuY Q and Liu Y B. 2013. Advances in measurement techniques and
statistics features. Advances in Earth Science, 28(6): 685-694 (/&
TR, XTI . 2013. b T FR T 35 ORI B AR A AEDF ST e . stk
Bl2f k2, 28(6): 685-694) [DOI: 10.11867/j.issn.1001-8166.2013.
06.0685]

Raindrop microphysical characteristics of the Yangtze River Delta based
on GPM dual-frequency radar

ZHU Jingxuan',DAI Qiang',XIAO Yuanyuan',LIU Chaonan',LI Yanpeng’

1. School of Geography Science, Nanjing Normal University, Nanjing 210023;

2. China Meteorological Administration, Public Meteorological Service Centre, Beijing 100081

Abstract: The raindrop size distribution (DSD) is used to describe the distribution of raindrop diameters during the rainfall process, which

can effectively reflect the microphysical characteristics of raindrops. DSD-derived empirical relationships, including radar reflectivity factor-

rainfall intensity (Z-R) and unit rainfall kinetic energy-rainfall intensity (KE-R), are key factors in research fields such as radar quantitative

precipitation estimation and soil erosion assessment. At present, the ground disdrometer is generally used to obtain DSD directly at a given

site, which is difficult to represent the spatial difference of the large-scale raindrop microphysical process. The dual-frequency precipitation

radar (DPR) carried by the global precipitation measurement mission (GPM) core satellite can receive radar echoes of two different bands to

obtain more raindrop information, which makes it possible to retrieve spatial three-dimensional DSD parameters. Based on the DSD surface

estimations, including the mass weighted mean drop diameter (D,,) and normalised intercept parameter (N,,) of GPM-DRP in its 2ADPR
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product during the entire 4 years (2017—2020), this study calculated rainfall intensity, unit rainfall kinetic energy, radar reflectivity factor
and other parameters of each record, constructed the empirical relationships between Z-R and KE-R in grid scale, and used the observation
DSD data of 11 disdrometer stations in the Yangtze River Delta region as a reference to verify and evaluate the reliability of GPM-DPR to
estimate DSD parameters and fit microphysical empirical formulas, which is useful for improving the accuracy of large-scale radar rainfall
estimation and soil protection decision-making. The results showed that by comparing the DSD estimation of disdrometers and GPM-DPR,
it can be found that under the same rainfall intensity class, DPR-derived D, at most sites is slightly larger than the measured result of the
disdrometer at the same location, while DPR-derived N, is higher than that of the disdrometer. As for rainfall types, the raindrops of
disdrometer are mostly stratiform rain, and only a small part is high-intensity convective rain. However, due to radar sensitivity limitation,
the DPR-detected raindrops are almost completely distributed in the stratiform. For the empirical formula fitted by rainfall characteristics,
the KEs derived from DPR are mainly distributed on both sides of the KE-R empirical formula by corresponding disdromters. In addition,
Pearson coefficient of most stations can reach more than 0.60, and at Nantong, Jiaxing and other sites, it even exceed 0.70, which proves that
DPR is suitable for inferring the empirical relationship between KE and R. It means that DPR has the ability to infer those rainfall
microphysical relationships in place of disdrometers in areas where site data is scarce. What is more, the DPR results perform best when it
exceeds 0.5 mm h™', with small errors and high correlations. Overall, DPR remote sensing has good DSD inversion performance, which is
expected to provide new support for large-scale radar quantitative precipitation estimation and soil retention decision-making. However, due
to the characteristics of orbital scanning by spaceborne radar, DPR cannot make continuous observations of rainfall events in the same area,
which makes it detect a low amount of data in a limited orbital range and limits its application ability to detect rainfall events. On one hand,
in order to achieve a more accurate estimation of the rainfall microphysical characteristics, it is necessary to obtain DPR data with a longer
duration. On the other hand, the DPR data can be used as a correction tool to be integrated with numerical weath.

Key words: rainfall, disdrometer, radar remote sensing, GPM, rainfall kinetic energy
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