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Abstract In order to study the ability of GPM ( Global Precipitation Measurement) data to detect the
precipitation structure of typhoon, the GPM satellite data, ground-based radar data, and surface
precipitation observations are used to analyze the precipitation structure of Typhoon RUMBIA (2018) as
it affects Shandong. The results are listed as follows. 1) The precipitation caused by the spiral rainband of
the typhoon is much larger than that by the peripheral cloud system. 2) The rain top height of the spiral
rainband of the typhoon is greater than that of the peripheral cloud system. The rain top height is basically
above 7 km and the maximum reaches 15 km. 3) The spiral rainband and peripheral cloud system of the
typhoon are dominated by precipitation of stratus clouds and convective clouds. The precipitation ratio of
convective clouds in the spiral rainband is higher than that in the peripheral cloud system, the average
precipitation rate of convective clouds is three times more than that of stratus clouds, and the precipitation
of convective clouds corresponds to the high-value area of near-surface precipitation rate and rain top

height. 4) Compared with the precipitation column in the peripheral cloud system of the typhoon, the
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precipitation column in the spiral rainband is characterized by large number, high density, and great

height, which is related to the strong convection development in the spiral rainband of the typhoon.

5) The 2A-DPR data products have a good indication for predicting precipitation. The results provide a

reference for predicting precipitation structure with GPM products.
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Fig.1 Track of Typhoon RUMBIA (2018)
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Synoptic chart at 500 hPa ( black line for contour line, units; dagpm; red line for isotherm, units; “C) and precipitation
observation (units; mm) (a. synoptic chart at 500 hPa at 08:00 BST 18, b. cumulative precipitation in Shandong from
17.00 BST 17 to 08.00 BST 18, c. synoptic chart at 500 hPa at 20.00 BST 19, d. cumulative precipitation in Shandong
from 08:00 BST 19 to 14.00 BST 20 August 2018)
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Fig.3 Near-surface precipitation rate of Typhoon RUMBIA in Shandong ( colored area, units; mm + h™"; a. from 06:46 BST to
06:49 BST 18; b. from 20:55 BST to 20:58 BST 19 August 2018)
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Fig.4 Infrared cloud imagery of Typhoon RUMBIA in Shandong (a. from 06:46 BST to 06:49 BST 18; b. from 20:55 BST to

2058 BST 19 August 2018)
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Fig.5 Rain top height of Typhoon RUMBIA in Shandong ( colored area, units: km; a. from 06:46 BST to 06:49 BST 18; b. from

20:55 BST to 20:58 BST 19 August 2018)
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Fig.6 Composite reflectivity on 19 August 2018 from Linyi CINRAD-SA radar (a. 16:59 BST, b. 20,59 BST)
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Table 2 Proportion of different types of precipitation in samples

and corresponding average precipitation rate
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Fig.7 Distribution of precipitation types of Typhoon RUMBIA in Shandong (a. from 06:46 BST to 06:49 BST 18; b. from 20:55

BST to 20.58 BST 19 August 2018)
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Fig.8 Three-dimensional profile of precipitation rate of Typhoon RUMBIA in Shandong from 06:46 BST to 06:49 BST 18 (a/c/e)
and from 20:55 BST to 20:58 BST 19 (b/d/f) August 2018 (a/b. threshold of precipitation rate is 5.0 mm + h™';
¢/d. threshold of precipitation rate is 10.0 mm + h™"; e/f. threshold of precipitation rate is 20.0 mm - h™")

[9] =R, WS 2R85B I i R R I i) | 2 ##%,2012,70(3) :436-451.
WA S )2 = KT S S AR [T ] R 2 [10] LIU G S. Deriving snow cloud characteristics from



76 o R o 55 40 %
CloudSat observations[ J]. J Geophys Res: Atmos,2008, rain gauge network over Tibetan Plateau[J]. J Meteor
113(D8) : DOOA09. Res,2018,32(2) :324-336.

[11] VILLARINI G, KRAJEWSKI W F. Empirically-based [21] OLIVEIRA R, MAGGIONI V, VILA D, et al
modeling of spatial sampling uncertainties associated with Characteristics and diurnal cycle of GPM rainfall
rainfall measurements by rain gauges [ J ]. Adv Water estimates over the central Amazon region [ J ]. Remote
Resour,2008,31(7) :1015-1023. Sens,2016,8(7) :544.

[12] USHIO T, HECKMAN S J, BOCCIPPIO D J, et al. A [22] FEE,JTHE, 0, 2. 2k E K& (GPM) X
survey of thunderstorm flash rates compared to cloud top FHEHFRER[T]. R AR5 M A, 2015,
height using TRMM satellite data[ J]. J Geophys Res, 30(4) :607-615.

2001,106( D20) :24089-24095. [23] sk, 2 K. GPM T A U I FY F5 1k 45 0 B 7k 45

[13] 8T, ™ T, &, 48 T CloudSat TR BERM3 AT 4 K B BIRFIE A [T ] R SR,2018,42(11) :33-51.
R = FER TR S5 AR LT ] R AR, [24] &y, ARAE, dikat, %5 GPM TR R /K Bcdia 78 K il
2013,37(3) :691-704. KB M B [T A SR B8R 2% 4, 2016, 31 (12)

[14] SHORT D A, NAKAMURA K. TRMM radar observations 2074-2085.
of shallow precipitation over the tropical oceans [ J]. [25] e, MZEFR, ET500.GPM B R K i1 B Sk X R 55
J Climate 2000, 13(23) :4107-4124. AR BE S AT [ 1] .35 ,2017,43(3) :348-353.

[15] SHIGE S, TAKAYABU Y N, KIDA S, et al. Spectral [26] 2ehff, (a8 ¥, J7fh, 25 GPM T &2 %RHE 43 #7 « AL 05k
retrieval of latent heating profiles from TRMM PR data WA XK PR AT T RA 4, 2018,
Part TV Comparisons of lookup tables from two- and 36(6) :997-1002.
three-dimensional cloud-resolving model simulations [ J ]. [27] BEE X TN, 250k, 28 5200 10 7R B i ik & K
J Climate ,2009,22(20) :5577-5594. A T[] <4 SRR ,2015,38(3) £ 70-77.

[16] T, K5, 200, % TRMM TLE X 7 5 i B AR 3 (28] 10,5 T, /N, 55 ] CloudSat T3 BERL 317 #4
— KRBT KPR (1] A% %W, 2017, WABEM M RREL ) ] s 3k 4 J 2241, 2013,56 (6) -
75(6) :966-980. 1809-1824.

[17] HOU A Y, KAKAR R K, NEECK S, et al. The Global [20] Ho=2ar, HbRum, B Seih, 45 &5 AU BE A7 ] 6] 982 e == oy
Precipitation Measurement Mission[ J]. Bull Amer Meteor wEEEE AR [ ] R 4 5 ), 2015,
Soc,2014,95(5) .701-722. 31(1).51-62.

(18] BRI, Bt , A 8 bl Py Ut 7 o Je [0 . [30] XBta , Ambees , Fhii. & R IRILIE” (1818) 38 Ll ARl
G4, 2004,62(5) :541-549. Sty [ K B R 0 b (]9 VR R4 25 iR, 2019,

[19] 7%, v, XU MG , S5 ey im0 A2 I T 2 s R0 Y 39(1):106-115.

W ZER = =k [T]. A5 %4, 2010,68(2) [31] 3687, BRn9.GPM BEORME S A7 “ R UL 3 KU K 3
195-206. SR A [ ] R ER 5 0, 2017, 32(5)
[20] ZHANG S J, WANG D H, QIN Z K, et al. Assessment 904-912.

of the GPM and TRMM precipitation products using the



