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Abstract: On August 4, 2024, heavy rainstorm occurred at Wucheng Station in Dezhou, Shandong
Province, breaking the historical records for both daily precipitation and maximum hourly
precipitation at the station. Utilizing the observation data from automatic weather stations,
Doppler weather radar and wind-profiling radar, as well as ERAS reanalysis data and GDAS data,
combined with the HYSPLIT model, this study reveals the multi-scale physical mechanisms that
enabled the long-lasting back-propagating convective system and the extreme rainfall it brought.
The results indicate that this event occurred under a large-scale circulation pattern characterized
by a rearward-tilted trough confronting the subtropical high. Low level jet (LLJ) and ultra—
low-level jet (ULLJULLJ) persistently transported abundant water vapor from the South China
Sea and the Bay of Bengal to northwestern Shandong, establishing an extremely unstable
environment with high energy, high temperature and high humidity within the warm sector ahead
of surface front. The cold pool outflow generated by precipitation interacted with the ambient
warm, moist airflow, forming a quasi-stationary convergence line. Coupled with temporal and
spatial pulsations of the LLJ, this interaction continuously drove new convective cells to propagate
southwestward, directly causing the extreme heavy rainfall. The dynamic reconstruction of energy
was the key to maintaining the system. Rainfall consumed unstable energy, but the persistent
warm, moist advection transported by UULLJ allowed convective available potential energy
(CAPE) to be rapidly rebuilt and maintained at its peak. Thus, a positive feedback self-sustaining
mechanism of “energy transport—convection consumption—energy reconstruction™ was formed,
and it was this mechanism that led to the sustained occurrence of the back-propagating heavy
rainfall.

Key words: heavy rainstorm, backward propagation, low-level jet, water vapor tracking, energy
reconstruction
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H A5G T2 W FIF 70 32 SR T 0D UL ASCHE PO B AL s SR e A (FE[EFF, 2004) o BFN
T B2 B R CRUR fRIRRE] =D AR SRR VI AR 255 RGN (75 G,
2017; SKPFENEEE, 2024; FKim s, 2024) , HorprEAEBE AR E REERL (GRADMREE, 2009;
Ko RN SAR, 2010; FELAHAE, 2010 HFH4HSE, 2016 , MM [v 2 45 U e e 1% 5i B 7K
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N AEF REEXSI R GEH B IR SR AE X R G 5 J7 1) 1) _E il X CRE ) AN T A=
M RGETT (AT D AR . XML TT [R5 0 R Gt AR 17 ) AH
SHAGEN TR MEEHHFE (Parker and Johnson, 2000; Schumacher and Johnson,
2005; PMEEE, 2015: UGS, 2015) .

AR, S0 L ZR 5 AL RSS2 T IR FE AR B A TF e o Ll 2R b ROBEXHR R 48 2 U5 H Tl
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A CBEIBARRS , 2020) o LI ZR Ho G 0 DX 1) o B 22 (A3 [ I8 A O Lot BOR 2 T s S AP R4
NAFAEEAMAZE T (S, 2015) . 20154 8 A 3 H, L ZR PE-L 05 W BRI X
BB IE FE AT W XONHALAE B DX B8 22 508 3 B0 X A= AR 2 W (g
&, 2017) .
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R RN T AL, 5 A0 PG B SO 5 RO AR S A R BN S5 [ A% 4R 2K b RUBE NI R 48
PRBE T SRR NS JA T, HReeh SRR R TR KBS k. IRESE (2024)
XF AR B KRR IS W AT e WY, W R SL IR SRR A 1 AR il A RE &, VR0
ARG EH S BERRL” LR SEURMORRN . PLERTERE, 2 RKORE R ik
PUHIFTREAFAE X ZE e (5KD71E4%, 2024; BAHEE, 2024) . 202448 H4H, (LZREEIM K
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B, AL AT WM ERE, 454 HYSPLIT BRI, 2 R RS
HAEMAE, REGEHMTILICRFERRNZ RERE, FikPOKIRPUERE, BRI
TERALEE, PRI L 2R 5 1) A% R 2 2 N T U e J0 4R AR Ak s . ULL)
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PUERZE T LM WM rp R O 4R R ERAS fE0 T 8l I TRl 22 #E08 1h, K
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AN, AR ARIE—Z M, ¥ 700 hPa Fil 850 hPa &Rz MR Z & ( LLY) , ¥ 925

hPa SRR Z KA SR (ULLD)

1.2 BB R R

K H HYSPLIT f AL #E47 /KX PR B EE (Draxler and Hess, 1998; Stohl and James, 2004;
THE«SE, 2022; FEWRERAE, 2022; APE%E, 2024) o {F RATREKE I L ZR A
MEYEE P (36.5° ~38.0° N, 1155° ~117.0° E) L 0.5° Z¥fRIEE 16 4 NGB
B RGBSy 8 A 4 H 10: 00, i%£HL 500, 1500, 3000 m {E A< H G
R BB T 46 750 B o B BRI K B R 10d, BERE 1 h il — OETHBIRAL B, F s K-mean
AT A5 AT . JBER 10d MAKIETE T AR AT FE Ak 10d 7247 (VLB
2013; SKEJEAE, 2024) , M BT IRAIKIRUE . AR S B R0 & T AR Sk PR A Y
. K-mean SVEFIIZO BARR R S R BEEOR, RYEAHARAE AR R BFF FT0S G 1) 7 (8] FE

BIARREIA RN 78 AN TEP TR Z B ER /ML, AR TRZHITRER

A (BEMEE, 2006; fEF0i4, 2020; Cuietal, 2021) .

1.3 ZKIRDTHk E X
KR TTRRIE SO (T B4, 2011; THE K&, 2022) :
0, = 21 Qiast <1 Qast o 1000 (1)
1 qlast

Hrf: QIR — LKV TR, mARoR I — KPP & L H, noR P
AR VNIEEL,  quase Fn TSR P RITR L ST (1 FLAE

2 FEKSEHLMIARTRIL L
2.1 KO

2024 48 H 4 H 08:00 £ 5 [ 08:00, IZAREIM HIKFFEM . R KR, 24 /N
TRBEKE R 262.6 mm (K 1a) , /MR KRS 81.8 mm « b, S5 HIZERIRG . B
SRR FERAELE 4 H 12:00—20:00 (] 1b) , /MKW 3R A 7E 14:00—15:00, BRI
R /INIY RS SRR B BRI SR D S ARAE, B W S R A 1
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Fig. 1 (a) Distribution of  accumulated precipitation in Dezhou and (b) evolution of hourly precipitation
at Wucheng Station of Shandong Province from 08:00 BT 4  to 08:00 BT 5 August 2024
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MERT, BER A St 2. 925hPa (FINE) YIARLRAT T 3E A AL, WIES/SAE
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RGN AR A4, BRI A AT X AE A R HHL . 4 H 08: 00, BRIl il
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Fig. 2 The geopotential height (blue contour, unit: dagpm), temperature (red contour, unit: <C), and wind
field (barb) at (a) 500 hPa and (b) 850 hPa , (c) sea level pressure (contour, unit: hPa) and surface wind field (barb),
and (d) T-Inp diagram of Zhanggqiu Station at 08:00 BT 4 August 2024
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ERA5 080415 925hPa theta_se & CAPE & wind ERAS5 080415 925hPa theta_se_advection

5 i ple i gl aaqaTawgel ggil
42N-\l\§16\\_g’>w ‘4 4 a2n
7~ A st W)
f@n- e v £
39°N — /;40\ g“‘\ T 39N
T NN

36N

1 727 w0 ;-. A

N® e
3N B 33N

Yo 2630

b2 M

41 !/ '/
30°N L S B 30N

110°E 113°E 116°E  119°E  122°E  125°F 110E 113 116E  119E 122 125E

500 1500 2500 3500 4500 5500 -50 -40 -30 -20 -10 0 10 20 30 40
CAPE (J kg™?) unit:10-5 K s-1
(a) (b
v B A .

82024 48 A 4 H 15:00 (a) CAPE (3Hff) , 925hPa A3 ORCFD RUBAH S (SR, #fi: KD,
(b) 925hPa fiAH i T-ift (A
Fig. 8 (a) CAPE (colored) , 925hPawind field (barb) and pseudo-equivalent potential temperature
(contour, unit: K> and (b) 925hPa pseudo- equivalent potential temperature advection (colored)  on 4
August 2024

Ose, CAPE and Precipitation

100
—e— 925hPa fse
—e— BS0hPa Bse

700hPa fse 5000
365] —»— CAPE |

+80

360 4000

Ose (K)

355
Stao

Precipitation (mm)

350 ~—
2000

- S
: 0.1
1000 Ly

08:00  09:00 10:00  11:00  12:00  13:00 14:00 15:00 16:00 17:00 18:00 19:00  20:00

120

T SRR RO IR XTSRRI 2, 206 R 5 DR XL 1A A 4R N 1] B

P9 2024 4 8 / 4 [ 08:00—20:00 slyuti i /N f/K B (KR )« 2B 4IRS CAPE I [A)i8 42
Fig. 9 Time-series of hourly precipitation (bar) , pseudo-equivalent potential temperature at different levels
and CAPE at Wucheng Station from 08:00 BT to 20:00 BT 4  August 2024

5 w5t

2024 -8 H 4 H, (L ZRFEMN K F N IS FEREKEE AT, It /N iy T 5 A H P 7K 45 SRk
T SERAR . ASCEET Z PN TR 7~ 1 RS [ AR HE B AT RO L3 . &5 SRR, iZ%ad
FEHZRERSGH B4, HZOPHIET LL A1 ULL) 3 7-/KiAHnNE . Wik S5iE4E

13



259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293

14

Lefih K S CAPE FFE s ifER

(1) KRPEEFRFABEAS AR AL TR . 500 5 &l & e s PR s 5=, LU
A ULLY FrERnsk B v i 5 do b i se mikis, EERTIR OB 1 e, i, miin
ARGERE

(2) HREER M SR SR RS G 2 KB A FAERRIAZ OB T . BRI T 5
SRR T R AR A 2, RO AT I, LU A ik Eh BRI 9 1
RZEJ1da T P ILIRAE S EOI L AR PU R 7 A4k, BT B R FE K .

(3) HRZ MR TR ET ViR SERS R4 . REBKERMEERE, H
ULL) Frafmis s e (31, i CAPE £33 K a5 DL P g J R YEfridedl, TERCT RER
eSO MRIER iR i R = i SN e Yo MWD K2 i S RETE 2 SHIL PSS NI E=PN
JRUBEERR i 3 ORI TR A S AR & i, iz R4l

HUEB AR IR R KR E RS (Al R, VIRZ5E) J CAPE R JE Tk
B, ARR NV X TURAFAE I 22, 3 B0 53 R REAE BT SR LR B ARG VA [X . IRZE
PEFXF LLY AN ULLY KSR S5 A TR AN A, SR & DXL, DARS BT SIRE ZK I B4t
LT 5 A T AR R B PR AW 22 o TR, RIS W e TR 5 45 & 22 U, o M /K &
A, AW FEITIAA CAPE HEEXIK, 55 HIEIME™ &, FIWE2u XIS, TR
B KV X o Bl PRAR SN IR SO I A 2 S B Tr %, 345 2 IR R RIMLRE 71, SR THx
LLI AT ULLY =4ES50 5y s AR R AL TR AE 7, AT 512 et % W Vi DX TR R 1

SR

v, FE, EHR, 55 2024, BT HYSPLIT BRI 0821 B B M KIURHE T[], w3t <
LI T, 44(S1): 52-58. Bian Q, Li C C, Tang Y L, et al, 2024. Analysis of water vapor characteristics of
"8.21" flood-causing rainstorm in Liangshan based on HYSPLIT model[J]. Plateau Mountain Meteor Res,
44(S1): 52-58 (in Chinese).

HIRGE, A, £, 2024, 2021 FEHEALEKI = RAVKITURIARHE]. KR, 48(6): 2284-2299. Cao Z Q,
Mao D Y, Wang X, 2024. Characteristics of the cloud system and water vapor transport during the autumn
flood in North China in 2021[J]. Chin J Atmos Sci, 48(6): 2284-2299 (in Chinese).

IBEE, IMELE, IUFTEE, 2024, WZRF R — K& R 5N R X BN IRRE 287 [J]. AR T 5T R,
13(3): 624-634. Chi J, Sun Q Q, Qiu D N, 2024. Analysis of the causes of underreporting a heavy rain in
warm sector in Shandong Peninsula under the background of a cold vortex[J]. Climate Change Res Lett,
13(3): 624-634 (in Chinese).

AT, G, 2017, 4 YORFR T RE R IAAR 1) d AR 2 78 B SRR E AT []. R AR, 37(3):
46-53. Diao X G, Hou S M, 2017. Analysis on radial velocity and ultra-low-level jet characteristics of four
torrential rain processes[J]. J Marine Meteor, 37(3): 46-53 (in Chinese).

FEUfh 25, BUEG, 227, 4%, 2023, <237 Mt K5 R A W SRR AR AE S B I AR S AFRIIR D). A,
49(12): 1435-1450. Fu J L, Quan W Q, Mai Z, et al, 2023. Preliminary study on the refined characteristics of

14



294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337

15

rainfall intensity and dynamic and thermodynamic conditions in the July 2023 severe torrential rain in North
China[J]. Meteor Mon, 49(12): 1435-1450 (in Chinese).

rrll, FKaKkGE, 255G, 4%, 2017. 2015 4 8 H 3 H i ZRPGAL R E F IR 0 o RUBRFE AT [I]. R TR A4,
37(2): 96-101. Gao F, Zhang Y J, Li R, et al, 2017. Study of mesoscale characteristics of the rainstorm in
northwestern Shandong on 3 August 2015[J]. J Marine Meteor, 37(2): 96-101 (in Chinese).

SEHET, AR, PRI, &, 2023. Wl AR X — R Z A i R R R SR R IR AR R A S LB 23 A 3]
KSR, 47(3): 786-804. Gong W D, Zhou Y' S, Zhong S S, et al, 2023. Evolution process and mechanism
analysis of the mesoscale system of an extreme summer rainstorm in Shandong Province[J]. Chin J Atmos Sci,
47(3): 786-804 (in Chinese).

LA, AR, DI, 5%, 2010, — KA KFEN R 2P 0] 28Rk, 38(21): 11173,
11223. Guo W H, Li Y G, Ma L, et al, 2010. Analysis of formation mechanism for once cloudburst in
Shandong Province[J]. J Anhui Agric Sci, 38(21): 11173, 11223 (in Chinese).

iU, Ar/vE, SRR, 4, 2015, (AR PEERS AR TR BT ALI]. AR 4R, 73(5): 819-836. Hou S
M, Yu X D, Zhang S L, et al, 2015. A preliminary investigation into the back-development thunderstorms in
midwestern Shandong Province[J]. Acta Meteor Sin, 73(5): 819-836 (in Chinese).

iU, PR, MR, 45, 2020. AR Stk b RUBEXHR R GEHI R UAHHIELT]. U5, 46(8): 1053-1064. Hou S
M, Sun J, Zheng Y, et al, 2020. Synoptic characteristics of linear mesoscale convective system in Shandong
Province[J]. Meteor Mon, 46(8): 1053-1064 (in Chinese).

fRilUfg, ARG, 9, 5, 2023, AW ST ILARE “S 17 HRIm SRR R SR T ]. AR, 49(11):
1328-1342. Hou S M, Zhu X Q, Shi Q, et al, 2023. Analysis of the environmental conditions of "5 47"
extremely severe convective weather in Shandong province under the background of cold vortex[J]. Meteor
Mon, 49(11): 1328-1342 (in Chinese).

LA, RmigR, XUET, 4%, 2011, 2007 SFEIERISR KRR R APURA R AE 2 AT [9]. KR, 35(2):
361-372. Jiang Z H, Liang Z R, Liu Z Y, et al, 2011. A diagnostic study of water vapor transport and budget
during heavy precipitation over the Huaihe River Basin in 2007[J]. Chin J Atmos Sci, 35(2): 361-372 (in
Chinese).

ILELL, R, XAET, 4, 2013, J&T-Rokg 8 H U595 BTL R R AU IR AR IE 2 A [3]. R4k, 71(2):
295-304. Jiang Z H, Ren W, Liu Z Y, et al, 2013. Analysis of water vapor transport characteristics during the
Meiyu over the Yangtze-Huaihe River valley using the Lagrangian method[J]. Acta Meteor Sin, 71(2):
295-304 (in Chinese).

whedl, BN, TR, 4, 2018, Wb — R BA 5 AL R R A R s A0 i X 5 i R o #T [3]. 9D
584, 12(4): 7-14. Jin X Q, Li J B, Yu L, et al, 2018. Analysis of a back-proPagated heavy rain process
occurred in warm section around the subtropical high[J]. Desert Oasis Meteor, 12(4): 7-14 (in Chinese). X2
o, ZRER4R, 2010, TR AR “T18”RWHITER]. KAAE, 34(2): 374-386. Liu H R, Li C Y, 2010.
ImPacts of the dry intrusion on Ji’nan torrential rain occurring on 18 July 2007[J]. Chin J Atmos Sci, 34(2):
374-386 (in Chinese).

PGS, SRkl 227501, 2016, 2011 4F<7-25 I AR FL IR R BRI 73 HT[3]. AR SFRETR:, 39(3): 82-89.
Mei C J, Zhang C, Li H J, 2016. Cause analysis of a torrential rainfall in Shandong Rushan on July 25,
2011[J]. Meteor Environ Sci, 39(3): 82-89 (in Chinese).

PN, ZE, WETAE, 5, 2012, Jbt 7210 Ry R 2 R AR 20 A B B 2 () B A B K IR TR S BB ], R
%, 38(10): 1267-1277. Sun J, Chen Y, Yang S N, et al, 2012. Analysis and thinking on the extremes of the 21
July 2012 torrential rain in Beijing Part II: preliminary causation analysis and thinking[J]. Meteor Mon,
38(10): 1267-1277 (in Chinese).

M, SRR, FAREE, AF, 2015, XU B Ik K SO — O AR A R R AR T D] AR AR,

15



338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381

16

73(2): 247-262. Sun M, Dai J H, Yuan Z H, et al, 2015. An analysis of a back-propogating thunderstorm using
the three-dimensional wind fields retrieved by the dual-Doppler radar data[J]. Acta Meteor Sin, 73(2):
247-262 (in Chinese).

Mt s, 1980. 1 EZ BW[M]. Jbat: Bl2e et 1-250. Tao S Y, 1980. Rainsorms in China[M]. Beijing:
Science Press: 1-250 (in Chinese).

EONAE, Rk, SKEERE, A, 2021 — kiR L RN R G ERFLEIOT T[], 5, 47(11): 1369-1379.
Wang X H, Zheng Y Y, Zhang S X, et al, 2021. Study on the maintenance mechanism of a quasi-stationary
mesoscale convective system[J]. Meteor Mon, 47(11): 1369-1379 (in Chinese).

EFHY, ar/h i, KR, 2012, NCEP 573 Hr BERHE 586 b0 88 70 A b (0 82 [9]. B A5 544, 23(2):
139-146. Wang X M, Yu X D, Zhu H, 2012. The applicability of NCEP reanalysis data to severe convection
environment analysis[J]. J Appl Meteor Sci, 23(2): 139-146 (in Chinese).

WM, 2k AR, W50, 5, 2006. K-means k) k (EARALFEBTFE[I]. R TAERIS 5 SLER, 26(2):
97-101. Yang S L, Li Y S, Hu X X, et al, 2006. Optimization study on k value of K-means algorithm[J]. Syst
Eng Theory Practice, 26(2): 97-101 (in Chinese).

TR, 2, A8, 2022, KM «“7-2074K 35 5 M I KIRHIARRAELD]. R R, 42(3): 69-76. Yu T F, Li
C, Shi J, 2022. Analysis on water vapor transport characteristics of “7-20” extreme rainstorm in Zhengzhou[J].
J Marine Meteor, 42(3): 69-76 (in Chinese).

FKREE, UL, Ws K, 55, 2024, F IS BRIV AT FEOME € AR LRI DK Pz 98 /b 1 B A [3].
RS S, 43(1): 114-126. Zhang D X, Yan H R, Miao Y F, et al, 2024. Analysis of water vapor transport
reduction in the Yarlung Tsangpo grand canyon region: a trajectory tracking approach[J]. Plateau Meteor,
43(1): 114-126 (in Chinese).

sk d, ERE, EBETT, 5, 2024, . RS SRS LR H A 57 6 KGR G IE S A2 W AL [ K
SR, 48(2): 445-462. Zhang D Y, Wang J C, Wang X F, et al, 2024. Diagnostic research on heavy rain
growth in Shandong province influenced by landing typhoon Lekima due to the coupling of upper- and
low-level jet streams[J]. Chin J Atmos Sci, 48(2): 445-462 (in Chinese).

SKITIE, WMETAl, B, 4, 2023, «23-7 U R SRR MRPTRAIELT]. R, 49(12): 1421-1434. Zhang F
H, Yang S N, Hu Y, et al, 2023. Water vapor characteristics of the July 2023 severe torrential rain in North
China[J]. Meteor Mon, 49(12): 1421-1434 (in Chinese).

ko7, FLHA, REE, 45, 2024, ARG 2021 421,775 M AR AR X 5 1975 HE¢75.8 B X LL[I]. RS
Fl2%, 48(6): 2405-2423. Zhang F H, Kong Q, Yuan Y, et al, 2024. Extreme characteristics of the “21.7”
rainstorm event in Henan Province in 2021 and its comParison with the “75.8” Rainstorm in 1975[J]. Chin J
Atmos Sci, 48(6): 2405-2423 (in Chinese).

= [E 6, 2004. S£E WRF R fEE AR I HT 5 [J]. U4, 30(12): 27-31. Zhang G C, 2004. Progress of
weather research and forecast (WRF) model and application in the United States[J]. Meteor Mon, 30(12):
27-31 (in Chinese).

JkeTr, skEERE, EIEE, %%, 2017. 2016 4F— R 5 ML R MCS S EUR KRR BUH /- HT[J]. STMARR, 41(4):
39-44. Zhang N, Zhang P P, Wang J, et al, 2017. The causes of a heavy rain resulted from back proPagation
MCS in 2016[J]. J Guizhou Meteor, 41(4): 39-44 (in Chinese).

FREETE, MRAERK, TKT, 2024l AR — AR DI AR TR X2 R TE FELR H  IKI[I]. &, 50(8): 953-965. Zhang
P P, Lin X D, Zhang N, 2024. Cause of a large-scale forecast failure of a warm-sector rainstorm of low vortex
shear type in Shandong Province[J]. Meteor Mon, 50(8): 953-965 (in Chinese).

TR, FAR, FER, 55, 2009. IHARCTA8VEUK BN ME T[] KEFHE, 37(5): 527-532. Zhang S L,
Wang J, Zhou X S, et al, 2009. Causal analysis of a diaster inducing rainstorm in Shandong Province[J].
Meteor Sci Technol, 37(5): 527-532 (in Chinese). A, 7K%%, 5KITH, 2020. 3T K-BERETTER K

16



382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402

17

AT IAP AGCMA. 1 4 P AL ATy U BRI PE A [J]. K URHE, 44(5): 1141-1154. Zhou Y,
Zhang H, Zhang K W, 2020. Evaluation of simulated tropical cyclones over the western North Pacific with
IAP AGCM4.1 based on K-Means method[J]. Chin J Atmos Sci, 44(5): 1141-1154 (in Chinese). FEREE, Z=
K, BTG, %%, 2022, 3T HYSPLIT Bt i3 e b B T o G B R KPR AE D). TR, 48(3):
311-323. Zhuang X C, Li B Y, Zhao J W, et al, 2022. Water vapor characteristics of rainstorm in southern
taklimakan desert based on HYSPLIT model analysis[J]. Meteor Mon, 48(3): 311-323 (in Chinese).

Corfidi S F, 2003. Cold pools and MCS proPagation: forecasting the motion of downwind-developing MCSs[J].
Wea Forecasting, 18(6): 997-1017.

Cui L K, Song X Q, Zhong G Q, 2021. ComParative analysis of three methods for HYSPLIT atmospheric
trajectories clustering[J]. Atmosphere, 12(6): 698.

Draxler R R, Hess G D, 1998. An overview of the HYSPLIT_4 modelling system for trajectories, dispersion and
deposition[J]. Aust Meteor Mag, 1998, 47(4): 295-308.

Parker M D, Johnson R H, 2000. Organizational modes of midlatitude mesoscale convective systems[J]. Mon Wea
Rev, 128(10): 3413-3436.

Rotunno R, Klemp J B, Weisman M L, 1988. A theory for strong, long-lived squall lines[J]. J Atmos Sci, 45(3):
463-485.

Schumacher R S, Johnson R H, 2005. Organization and environmental properties of extreme-rain-producing
mesoscale convective systems[J]. Mon Wea Rev, 133(4): 961-976.

Stohl A, James P, 2004. A Lagrangian analysis of the atmospheric branch of the global water cycle. Part I: method
description, validation, and demonstration for the August 2002 flooding in central Europe[J]. J Hydrometeor,
5(4): 656-678.

17



