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FHE AEX 2012 £ (“7-217) #2016 4 (<7-20”) ALHEFERIE KBNS, T 2 950000 A 7547 5
W, SEEL2ROITE, WA, BONARGHT R TIRE KRN REMES, REH: PR
I FR K BRI, B K FT I RN SR AR, <7217 B B A . AT IR, GRS R RGN
A%, W RGEA LN R RS AR B B AR, “7-217 oK B R B R, DN I Ik 5 A K
EG, 7207 E BRI BTRA RAOLAE N, DARIR R G RE K N 5 G FE /N RS 53 A0 58 5 It K g4
GitEFLE, 7207 PR/ RSB R, 47217 SRR B R, IR
IFE R IR oK SR R R BRI, S B | MRS IR B E R, “7-217 S iR SR oK E 1
b7 EIE—2 UL L (OB R & 50 mm BL_Ff¥ 58 D i AR i B /K A i LIRS oK 5 0B Fl 1 /NS B /K &y
SFIE 20.4 mm A1 103.6 mm, ARumbE G, 1720756 I AR R I RR KA iR, Bk S BRI 1
ANEFREK A 10.7 F 59.3 mm,  “7-217 BEAKARImPETE IR BURKMETE R PIUGERR/KISRIE IR X 5E &=
TR ZE B E, ok B A B A AR R I X K VR STRRAE R G AR TR iR, H “7 217 R R /KIRTE X
MITTRk IR S, 17207 RErp, B - By - g 2 & HP [ R IR G G RSP A H A 25 X3
TR BN . EIREE IO BT IR N B AR U K 2 1 I R SR R FE AN R JR A

B RRCEN WL P BERKEEE KRR E BT bt
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Observational comparison of two torrential rainfall events in Beijing
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Abstract In this paper, based on multi-source observation and reanalysis data and combined with a
variety of analysis methods, the two torrential rain processes in Beijing on July 21, 2012 (hereinafter
referred to as "721") and July 20, 2016 (hereinafter referred to as "720") are analyzed to compare
and reveal the differences between them from multiple perspectives. The results show that the total
amount of precipitation of the two processes is similar, but the precipitation duration and hourly
rainfall intensity are quite different which represents that he duration of "7.21" is shorter and the
rainfall intensity is stronger that is corresponding with the dominant weather system and evolution,
convective system evolution and local sounding conditions of the two processes. The convective
effective potential energy is significant in "7.21" main precipitation period resulting in the dominant
convective heavy precipitation in warm area, while the convective effective potential energy is small
in "7.20" main precipitation period and it is dominated by low vortex systematic precipitation.
Therefore, there are significant differences in the statistics of hourly rainfall intensity and short
duration rainfall events between the two processes. The proportion of medium intensity hourly
rainfall stations of "7.20" is significant, while the proportion of short duration heavy rainfall stations
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"7.21" is obvious. The differences in accumulated rainfall, duration, 5-minute and 1-hour maximum
rainfall between the two short duration precipitation events are really significant. The "7.21" short
duration heavy rainfall events (the short duration extremely heavy rainfall events with an hourly
rainfall of more than 50 mm accounted for a significant proportion) exceeds half, as well as the
maximum S5-minute and 1-hour precipitation were 20.4 mm and 103.6 mm, respectively, which is
extremely notable. While the short duration medium intensity precipitation events of "7.20"
accounts for the largest proportion, and the maximum 5-minute and 1-hour precipitation of only
10.7 and 59.3 mm. Compared with "7.20", "7.21" is more disastrous. The contribution of water
vapor from central and eastern China and coastal areas is the largest in both processes, which is
more prominent in "7.21". However, the contributions of the Indian Peninsula - Bay of Bengal -
Central South Peninsula, South China Sea, Northwest Pacific and sea of Japan are also obvious in
the "7.20". The above conclusions contribute to understanding the reasons of the different disaster
of the two torrential rain processes.

Key words Torrential rainfall, Observational comparison, Short-duration rainfall events,
Quantitative contribution of moisture sources, Beijing

1. 35

REHIFIC R RS, WL S, HA TN, 5mEK (BN 24,
KEE (WS, 1980) , BWHA—EHZIEREGEEM, )58 shZ TR 973 ik
FE SRR B ARRIEE S E ST H S ERERIE , 49 50t 5 LR IT
Wk CT—i0, 1993; BEKEE, 19955 FEPUMEE, 2002; (AR5, 20065 m5a
25, 2008; Gaoetal., 2015; BiSFE4E, 2018) , KiF 4%, CBEEELE, HEN
HIF AN TR AT 20 8 [ K 5 SRATAFEAR K 8, AT [ 5 R s i i 1) Bk ik, 7™
IR E ERR D FER R KITEPF R R BT X . B WU 5 el 15—
IR ) ¢ 2 K s P AR SIZ it o LN 38 11T 8 RS A% 74 F 97 ( Lenderink and Meijgaard, 2008;
Pendergrass and Knutti, 2018) & H, RIRBMUEFT, FEKLER . XLEE ERAE 5 2
L AR A1, /NI B K B AE A3 K B TR, S TS s, AR B K BRI 25 43 A
350 5 M AR g P K BE R M, B RSN

AR, Bl PR T A AR I, T XS R (R AR H o, I
TR UG 20 AR U S ILAE & A AR I8 s 58 N HERA TR 2 o A BRAR
AR 5, RESI I — B B H b A4 RO KB % [E A B
I F) R PR A R AR T R . FREAEAL ML XA T 5, R BN B IR B b, (B AR
BLREEAKERER, HEZLEPRT 7-8 H T —1C%%, 1980; FER:5, 1980; FgtHER, 1980;
FRSCRFIEERRME, 2012) 3 AT REEF IR eI m, A THEdb R, HigE
I NORERE., BURMATRE /e, ZRWHMICNE; BRI, b X
(IR REZ) 10 20k GRSCRFVERRE, 2012) , Hr, 50 3REK L K 8T isEZ
SRR ER 30%0A |, fEEN H PR KEF R S EER (Lietal., 2017a) o dbaiZNXt
TR . BTSN E EE BRI 5O, A SN LB SR TR & 52 D3 (WA, 2003; F
4kFs, 2005; FRHEEE, 2006; ZE4%,2008; Yinetal., 2011; FEAEE, 2011; FL4E4E, 2011;
TKCHEE, 2011; FEEEEE, 2012; TKSCHEZE, 2012; i, 2013; K4, 2013; 5K
pAE, 2014; HEHESE, 2016; Lietal., 2016, 2017b, 2017c).

2012 4F, JbRtRAET “7-217 5 KBEWNKE, SRENELR. WHHE. W) PWE,
vl R BN R B BRI PN R, SEUTE AT NG Lk, AR
Wik s, etk 79 AFET:, BEIREFPUREIL 1164 1476, “7-217 FFERBWKFERKEZ
J&i » RGBS IR MR TRFAE  HO TR o RS R Ge st i 25 24> A1 B R TP 9 (b 455, 2013
EEIRS, 2014; LB, 2014; #8545, 2015, XHEE, 2015) , 48, “7-217 %%
KBEWRAG P RRELEMLT, @RS RS RS 2 HAE 45 5 (PR e,
2013), ZRAE A HE A2 Bl AL R K TR R e i, P REXHR RG0SR, i e a9 K
CAHMGFEE, 2015) , HUTXT BEAR N A7 520 AN K, (S T oy 1 2 /Y 7 X RN 5 FE A R e ) (I
BI%EE, 2014) 5 (USRS 4 45, 2016 &, JbRtHbX FRORA: “7-207 FF RBEWITFE (7
&, 2017; Bz, 2018) . HAFEERE, RE “7-217 fl 7207 WREFRZNIIEHE
Pk EMAY, ERERENEEAR, XalfeS UG REE R A, SRFFKEX . 5
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I BRI R AE S T T 22 57, DAR “7-217 BN RFERAENE, ANMIEMEERIEA
AR, Horr, PRUCR R I B K I RN AT g ) /K AR B 1R 22 R B A IR AN T o R R
RABEATE 7RV, DUEE R K AKVRRIE  F 1 i 5 ik BB dE . A 30%
(Weyhenmeyer et al., 2002; Bonne et al., 2014) , Kk#iJji% (Holman and Vavrus, 2012;
Sun and Wang, 2013) FI$ik%EHH 777 (Gustafssonetal., 2010; Drumondetal., 2011a; Sun
and Wang, 2014; Huangand Cui, 2015a, 2015b) %&; STk, HikgEHH A ESR 2N H
(Stohl et al., 1998; Stohl et al., 2002; Stohl etal., 2005; Sun and Wang, 2014; Huang and
Cui, 2015a, 2015b) ; ZKIRPRXEERKIKI, B TIRIEFREAHFES K, A nraga sk
T R AL, [FIR, HE R RN X AKEREEAN ST ERBAH T /K (Huang and Cui,
2015a, 2015b) , [ElLk, “7-217A1%7-207PHUCRF K 2 TR AR /KU DR A AT E B DTk 20 #r 1
IrILEL
ASCHE A AL S X ) TR A INEE B shit 25 2 USRS A I B, 456 F i iRk, Xt
“7-217 F<7-20" IR R B IR AT LU 5T, A dr SRR IR RE A Bk
5720 ARG E 25, FE B X B 3k 78 9 B AWM E s, BRI B 7
PR UG AT I B K AR AE B SR, S5, i Bhd g B H AU IE BR i FLEXPART
(the Flexible Particle Model) , LA S AR B 7/K IR X AR 5 A1 E S DTk 73 4 777 (Huang and
Cui, 2015a, 2015b) , Xt L4 i G RE /K ORIE T T Z2 57 o AR SCER — 0 Rl B 4R S
Bt FEAR A b 5%, 38 =3 45 R UG REAE Bk 0 A 5280 . SRR 38 . XL R G AR
LT ZE 5, SEVU 2 R PR RO 2 R0 T B B K SRR A b, 58 3020 0 A R R K
MR KRR TT I Z 5, e — 8 NES 1R 18,

2. BEEMGHITER A
2.1 AP fS 0 s 3 A

(1) B HIR S itk .00 ECMWF (the European Centre for Medium-Range Weather
Forecasts) ) ERA-interim F /3 #r8#E, IHE0HE2%0 6 h, %K 0.25° , HEH 26
JZ (http://apps.ecmwf.int/datasets/data/interim-full-daily/levtype=sfc/ [2019-11-01] ) ;

(2) FEEIRBETIH A0 NCEP (National Centers for Environmental Prediction) ] FNL Ff
AT B, IRl HER N 6 h, 2[R HER N 1°, FE H. 26 JZ (http://rda.ucar.edu/datasets/ ds083.2/
[2019-11-13] ) ;

(3) Abnt S B Z W ERIR IR 6 73 s MR ;

(4) AR RS GR G IR 2 WL E 4 5

(5) LRI E Bk 5 53 a] R RIS o I N — etk g . 7 e AR A A AR A
B IR — B IR A 77 (EEZRMES, 2013) #HATFEES], S Wu et al. (2017) 1
J7iE, HRHCS s ph BARREKE, Hdr, 508 ZRREOK ST 30 mm FEHRE BN 2 T EESL
PR A, ZESRFTA KT 0.1 mm/S 350 SRR ERT 5 —/N 35 B A 00
B, BT LLAIER. K12y 2012 A0 2016 A6 X 38 H it s Af .

K1 Ca) 2012 4EA0 (b) 2016 AFJb 3¢ X I8k H Bkl s 7047 1] o
Fig.1 The distribution of the automatic stations (solid dot) of Beijing in (a)2012, (b)2016.

(6) 2006 ~ 2016 fEREZE (5-9 H) ALH{IXIRE ZK % B 5l B N BRI E . 2 EH
i DA S R RAEA T, P — B A ) — oA A 5 s, BRG] 5
M, FEFIXERRE, FALERHILRIXIR 2006 ~ 2016 4F 59 A %KL FEAD T 95%[1
ulipds [FF, D9 TEIE] “7-217 0 “7-207 P CRFOR B R AR Hh B K AR B PR D TRT AR 22 5, A
A B BRI, M A LA e SO /N K BB : RF 2006 ~ 2016 FEREZE (5-9 H)
Bl SN K N B R T HE T, GEHUEE 95 B 23 AL /NI 7K R FE A D9 At X I
sy /NS B K BIARL, 5430 95 B 2 i /NS 7K BB 22 mm/he

2.2 ASSCRT S F I 3 W7 O vk B
C1) 55 JJI B /K A R BRI 04 -

FIFAC R X IR E Zhih 5 080 BRFOKE, KB TP8 (EEZEMES, 2013; Wu et
al., 2017) FEHUR I B K FAF 34T 50 B 04«


http://apps.ecmwf.int/datasets/data/interim-full-daily/levtype=sfc/
http://www.baidu.com/link?url=xsVDZ98UOgJVrOTnjrmDlyqco8AtFJBo_RrPjiRes1jUJ7kL9W7YiwaGC0LPmgE5
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(a) AL 5 /e EFRFBKE= 0.1 mm, HZJEH 1 /NS E2EKE> 5 mm i,
— K I B AR AR TR, 1% 2 R S T AR %) (Tstart) , B )5, &R S 7rehit
ORI ZIF G 2 J5 — /N B K&, B/ RBRKE < Smm, BLIEE T REK S
PEEE TR, AN 2 S A 45 SR %1 (Tend) 5 %603 i) B /K S AERE LIS (8] /9: Tsus =Tend-Tstart,
1M Tstart F1 Tend 22 [8) i) 22 AR B 7K SAFE S G 0 D ) [ 7K A () R P /K &

(b)) FETH I3 Bk S v K — /Nt SRR K =, W4 50 T N B 7K A 42 /N i) [ 7K
FEOr N 3 84 1 /N BB K E = 20 mm ISR SONFE DI 5K S0, 1 1 /N 28R
K AL T-[5,10) F1[10,20) DX [A] A7 0l e SRR 1 B 55 4 7K S A RN g ) v 4 5 g oo
KFAF

(2) FLEXPART #3788 R AL 7 22 1% B A H bR HaR )

FLEXPART #L775E B s 7 R &« f# Fl NCEP/FNL F43#18085 3K 5 FLEXPART
B, XF “7-217F07-207 P UK % N IS AR T AL, BLAULIX 3%y (10°S~60°N, 40°~
160°E) , X3k =4 KM IE H B8 1.2x108 (120 /3) A, FAIHAE 235 2012 4E 7
H 12 H 06 % 22 H 06 B (LA, FFED , BL&Z 2016 457 H 11 H 09 B4 21 H 09 i,
A 3 h frE VOB EREGE, BRSNS 4 E (B, SENEE) |
PEAREE . T LR REPTEAL B K RL T E RS

ARSI Ak L ORB R A, e B AR R KA EE TR
H R B H bR, R EARSPUKIR S BN E, e AKRERX; Hd, Bk
IR S H i (2011) A1 Huang and Cui (2015a) ({51, FEEAHELLT B .

()R HE B R I FE PR K o0 A, 658 HARDXIR (115.5° ~117.5° E, 39.5° ~41.1° N) ;

(O)MR R ZR R A AR 1A, A AR BL, 2390 8: 2012 457 H 21 H 06 H %2 22 [ 04 B
(“7-21”7 ) F12016 47 H 19 H 01 B % 21 H 08 B (<7-:20” ) ;

(o)TE_L IR H Frist BUAN B AR X388 13, i — DI BB B7E A% K KT 2 mm
A

(DM () BRI A, RAGETURIRTE HAE BN 3 h iR CRIRES-WIR
) Aq<-lgkg MAH, 1ERXTHARXIRFEKAE EIETTER Y H bR S5

BRI, #iEdfEY, BT 20T — Xt B /NS B, BT, Frik B s
AN D PR 7K s i Bl SR PR K RS /N o

(3) KPR X AR 0l FH 7 Tk 23 A

AKIPTAIE X AR 2] H AR X R, H AR RN P& K AR AT R s 9

e—p=m=xdq/dt )
Horpr, mAGRARTE, eNlp 23l IS L S KPR I A b 2. B fE R
AN A B X AR RSP 3 N A EARA, ma (D #5155,
E-P~3N (e—p)/A=2EL,m%/A (2)

Forpr, EANP 73 53 g B T A FA) T TR/ T 28 A R MK R, TTE — PO /M T /KO &

XT—AEEME, EEERERN, EMPESA—A S ESHAL, “E—P > 0B, Wik
WINKNE ~ E— P, WEKES: RZ, ME—-P <O0Wf, INN—P~E—P, Ui, BEKEE
FEIHFEMER (Stohl and James, 2004, 2005; Sun and Wang, 2014, 2015; Huang and Cui,
2015a) »

H AR SRR X S IR KRR W RS sl it 1 2 22 1) 2 & R AN K 72,
I, ASHRAEYE X SR KO H AR DA R K B STk AT BE AR X 820y, 27 Sun and Wang(2015),
BRI SR 7KIR(Uptake) 73 =855 3iE B bR X BTz & 45 2k K88 7> (Loss),  #
& H b XA T R F#E 7K 38 73 (Released ), LA 213k B b X 3805 R ¥ 5 B 7K 1 &6 2>
(Unreleased), R,

Uptake = Loss + Released + Unreleased 3)

Z & Sunand Wang (2015) f#] “areal source-receptor attribution” J5i%, 11543 2% /KIK

JIX JUptake. Loss. Released, TfiUnreleasedK#mWIT A5 2],
Unreleased = Uptake — Loss — Released 4)

B HFRIX I N SRR T (Released g IT AR AR H AR XN HIBE KR, T3 2% 7KIRUR
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X HZHL R 7KV H AR X3 A B 7K () 5Tk % C (Huang and Cui, 2015a)
C = Released/Releasedyq; * 100% %)
FEE AT AT (4) R =T b H AR X U KRB B 4 b, Bluptake/Released opa *
100%. Loss/Released;,iq; * 100%*[]Unreleased/Releasedtotal * 100% o

3. BEKS A RS BEEB M FHES ST
W VR R 2 B R P K T s AN R SR AN A . <7217 KRR FEM 2012 46 7 A 21
H 06 I HF4G, %22 H 04 455, Jiif 22 /N, dba 4 i PR FE /K &40 8 176.42 mm
(PhERAASE, 2012) , Horb, RN ERBE 100 mm B XEE RS TRIER . HFadbipgdb s
PEALHER L X 22 AR AR 2 X3, i A R B 200 mm ) X 4 2 P8 B - AR AL AR AT, T 300
mm LA 50 K 2 A T AL P R g 1 X R 5 113k A sl A e a2 iR
(K 2a) ; R REMBEKER A I LR R (B 2a R REAR SR, JfE
KK I 408.2 mm. “7-207%F KEMISFEM 2016 4 7 H 19 H 01 B FF4H, %21 H 08
TR, ATiF i AR K Bk 214.67 mm (L7217 Ffw 230 40 mm) , {HHE IR KA
55 /NBP GZEE“7-2171) 22 /N8, MW FEWNEHEX 0 mE (Bl 2d) , SRR E 100 mm B
FRIBJCEE AL, 200, 250 A1 300 mm PAE XIS <721 R, Ho,
R 200 mm (14955 B 7K 32 EAL AU 5P e Ll ORI SR A X BA R AR X, 1 300 mm BA
SRR 5 B IEER . RS Al TISRVARES. FEE TR, 5L vE e K Ya
Xk, idFE BRI KER SR IR G (B 2d PGS AR, BRI KEEX 445.2
mm. “7- 21" FE PG A4, HEI 10 mm/h BA_E 4 TSP R4 /N R 5 R B R AR AE 2012 4F 7
H 21 H 12-21 B 9 /NSF A, “7-207 IR B, HEEE 10 mm/h DL_E X IECE 3570
i R SR [FRE 2 B R AAE 9 /NI (2016 47 A 20 H 08-17 i) Py, [N, “7-217id f 41 F
YRR REEoR, OO 20 mmvh, FRERSE 2 /0, T “7-207 AR, PR 20 mm/h
(E 3a. b) o PRIRFF RN ARS8 A R B N AN FEKIN BE (PhVARAA S, 20125 PMEAESE,
2013) , “7-217 H—WTEL (2012 4 7 A 21 H 06-20 i) AEFFEKN B, ZRFEKES i
(F2b) 5 “7:21”7 dREEWNES A (F2a) ML 5B (201247 H 21 H 21 K22
H 04 i) BEARN W E R AREEs), HBEKERSS (B 20) 5 “7-20738—KE (2016 4F 7
H 19 H 01 1720 H 01 &, P& 2e) FE/K5®E B & 55 T H PR B (2016 4 7 A 20 H 02
w21 H 08 i, K26 , EEMFALEFEHLXL (B 2e) » BRFFRSENTRERE T
FEI KPR EAMIT (BT 400 mm) , H P 7K D7 s RS s 14 S AN, 9 et R e oK TR
BN RE (B 3e. d) BoR, R (“7-217) ok FEEPES BB (K 3c) ,
Hrr, WS 50 mm/nh FIImREFEKIE 4 AN, ORI 90 mm/hs RIS ¢ “7-207 )
Pk FEAEPEE B (K 3d) , /MR EWAREDT 50mm/h, HET “7-20” R
LA S B A I B AT 7217 RERR IR IR, 3 R Nk A AR BB K EA Y O
SRk 408.2mm, ZRILAUE 4452 mm) , MHELEE, JBRu (“7-217 ) Bk 58,
TETE I EUI M TE K o ARSNGB K A A B 56 1R RO R e A R it AR A1 T
METLE .

K2 2RFOKE CEOK, $A: mm) 7046, (22012 47 A 21 H 06 -22 H 04 i,
(b)2012 £ 7 F 21 H 06-20 IF, (c)2012 £ 7 F 21 H 20 if-22 H 04 i, (d)2016 £ 7 J 19
H 01 1F-21 H 08 i, (€)2016 457 A 19 H 01 &f-20 H 01 i,  (H2016 4= 7 H 20 H 01 H-
21 H 08 i . Hor, IR 200 m MBS ELR: (a). (d)EI P B AR 5 iARE P UL FE
IR R R oK S IR AR LA )

Fig.2 The distribution of the cumulated rainfall (shaded, unit: mm) (a) from 0600 LST 21 to 0400
LST 22 July 2012, (b) from 0600 UTC to 2000 UTC 21 July 2012, (c) from 2000 UTC 21 to 0400
UTC 22 July 2012, (d) from 0100 LST 19 to 0800 LST 21 July 2016, (e) from 0100 UTC 19 to 0100
UTC 20 July 2016, (f) from 0100 UTC 20 to 0800 UTC 21 July 2016. A thick gray line denotes the
200-m terrain elevation. The black dots represent the stations of (a) Longquan station, (b)
Dongshancun station with largest accumulated rainfall.
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B3 “7-217 (a)f17-207(b)Z M I A2 4 17 P33 /N B /K S (AL mm) AR ;s B SR uh(c)F AR 1l

T3k (d)IZ /NI R B (LA mm)JE AR

Fig.3 The evolution of the average hourly pre

cipitation in the whole city of (a) "7.21" and (b) "7.20"

rainstorm process, (unit: mm); as well as the hourly precipitation in (¢) Longquan station and (d)

Dongshancun station (unit: mm).

F W KRB RIEAM RS RG W EAFE . “7- 21" FE5m fE K P46 2 /i
(201247 21 H 08K , 500hPa = (K 4a) , R EgH X N hE —fE EE
WMIEH, 79 XAEALT DU R, RN T A5 E m Es, Jbatab TAsRT, Aa MRk

JE50 (& 4a) , JEETIXI A 2 52 0 g U

(AR REES R R IBIE S YN N I TR | 7 N O i

U], El R (588 (o H AT KSR £ i B X 380
88 M7 A K AEAE L AL =R By B A8 (1] 4a),

SRR R — T3 T 1 P A P R AR RS SR L, 53— T3 T 55 RN B Rl ) A U3
AR S IR] ) e b X IR KR 53 A SORTTORIE T Bl S A g A i 28 7 pig o & A 4
JERIKFEE; Eja (B 4b) , PR RGN ARY, SERXTIIIE, 5220 L
JEE 22 e A e O AL R FAG Ui SCRRRF IR TRTRE ML, B Vot DT M 2R 4, B AT o A 5
R R AE AL R PU r AN GO0, A5 B Rt st a7k, JERUKIREE S (K% , ZIRIRH
&, R RS R A A AR B R iR X U HR A T R - 5 1) SR A B R e ik e
B (HUER, ZBREEIX B AREEEICAT (EINE) 5 21 H 20 W (Bl 4e) , H—FrEos
BEIKS5H, 500 hPa b, TRAEEPY M — D ARE, HEShIL e 2[Rk bRtiatx, 5
SR B K R ) i AR AT U SCARRAS X 1 4 W 8 5 5 DA 7 0 73 — S 8 8 5 28 )

e AT N aE, T R GURFIE BT ]

H1 R AR 1 iR R R R AR AR AR, I P insi HiR iR CHGEA T, [, AR
0 vt RS ARAS SRl A IR AL AT 55 o M 15 R, R 2 98 X L T ) i el e X

SRR C S TRt (D

22 H 021 (B 4d) , 500 hPa VG XUfEHE— 5 4

FA R, e A R AR 2 B v R ks, REIR AR, B Rt B Ak, AL RUE
HAC R X4, WA IR HAG R, TR A 2R 30 ) vy i e e IX . 35 A 4 22 3 ] e e A R X
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Fig.4 500hPa geopotential height (blue contours, units: gpm, the thick lines indicate 5880 gpm),
850hPa wind field (vector) and wind speed (shaded, =12m/s) at (a)0800 UTC, (b)1400 UTC,
(c)2000 UTC 21 July, (d)2200 UTC 22 July 2012; (e)0800 UTC, (£)2000 UTC 19 July, (g)0800

UTC, (h)2000 UTC 20 July 2016.
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SRR R R R G ZF AL (B 4) , “7-20"F s K N B3k, KM RS 1R
e B ) AGIZREHE H E 5T R E  HB X (B Se. ) , PEBEAR Z IR IE R S 218855, i 7207
F KB, db IR ATEE R EK (& 20 o LM A GRS HE (K 6) S,
“7-217 JIREEE — M BeumBE KR (B 6a) , FATERCH S G A UL (CAPE=11611) ,
SHRERE g I 0], AATERE TR, RS OZ B, BARHENARERE, A
FITF RHSHR ARG R A KR 1 “7-207 W RE 58 K BT (B 6b) , i Z HK)Z A
FEAT ORISR AR (RSO EE, 2013) , [RIREELER ] EREIE I, 1 REE S
JRHICEE, B RITF K, (EXRA LR RN, K FE DMK RS K N .

Bl 5 “7:217 720" R R BRI R TR IR0 & SO 303 CRtalife, L. dBz) . 2012
7 H 21 H 09 i(a). 13 B (b)F1 21 Bf(c); 2016 £ 7 H 19 H 09 i (d). 20 H 13 B (e)Fl 17
() o Horp, SEOAHLETN 200 m HLE L.

Fig.5 Radar reflectivity composite (shaded, units: dBZ) observed by Beijing’s radar site at (a) 0900
LST, (b)1300 LST, (c) 2100 LST 21 July 2012, (d) 0900 LST 19 July, (e) 1300 LST, (f) 1700 LST
20 July 2016. A thick purple line denotes the 200-m terrain elevation.

K 6 (a) 2012 4F 7 A 21 H 08 I A1(b)2016 4 7 H 20 H 08 B AL BIxEM % GRS
Fig.6 Soundings taken at the BMR’s southern observatory at (a) 0800 LST 21 July 2012 and (b)
0800 LST 20 July 2016.
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Bl 7 A [] 58 B S5 /NN K ol i B 5 A T il R E A b (BT, B %, A AR
bR R (Rl AR . b, RGN AT/ KRN AR (AL mmvh, A5 R4
) s (@ “7217, (b)) “7-207.

Fig.7 Time evolution of the percentage of hourly precipitation stations of different intensity levels
in the total stations of the whole city (histogram, unit: %, left ordinate) of (a) "7.21" and (b) "7.20".
The black dotted line is the time evolution of the average hourly precipitation of the whole city (unit:
mm/h, right ordinate).
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IR RN G B K FAF 43 58 124 126 1265 IR, %6 I a8 B K A4 b5 bhak — 2 BL | (51.46%) ,
0 26 D73 P B P2 K A v, B R 1 /N, BB 7K &>50 mm 19 K6 7 I B 558 e 7K 4wk 137 1K
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K S PP /K EIA 20.4 mm, 11747-21 71 R HR R K /NI Y 5 R AR FEXE 3L, 34 103.6 mmv/h,
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MFMEE. 55 THE A FEFERF LR 5 R E 2 (%)

Table 1 The average precipitation, average duration and number of short duration precipitation

events with different intensity levels in the "7-21" heavy rain process. The value in brackets is the

percentage of the number of events at different levels (%)

5~10 10~20 20~ 50~
SERI KR 9.23 26.08 124.06 169.56
(mm)
P XA R S ] 70.61 148.92 302.56 363.21
(min)
HHE 124(24.08%) 126(24.46%) 265(51.46%) 137(26.60%)
(K
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Table 2 The average precipitation, average duration and number of short duration precipitation

events with different intensity levels in the "7-20" heavy rain process. The value in brackets is the

percentage of the number of events at different levels (%)

5~10 10~20 20~ 50~
SERIRE KR 9.21 28.90 101.85 124.37
(mm)
P R S ] 70.50 159.30 373.23 286.67
(min)
HHHE 333(33.88%) 431(43.84%) 219(22.28%) 3(0.305%)
(K

8 /AN [ 58 FEE R 3 P P 7 S R o 12 s BT L B K S SR 0 e (FIED
()R (b) N 3 i 55 /K Gk () FH(d) R i Fp & 9 /K S (e)FI(D) 9 Do sk
Fpk: p, AN 7217 R, G820 R

Fig.8 Percentage of the number of the short duration (a)(b)weak, (c)(d)medium, (¢)(f)heavy rainfall
events in the total number of short duration precipitation events at the station (pie chart) in "7-21"
(the left column) and "7-20" (the right column) heavy rainfall process.

TN PR A B R KRR ). S PR 1 NI RO E RIS ()
9) SR, PR KB I R IR AR AE B 2 22 e o <7207 3 A5 o f) 6 I 5 2 K S BB R B 0 A
X a5 “7-217 EFEARIT (“7-20" 1 FE P B S A B oK AR oK RN B L 0 KT 7217
AR, AH“7-217 EREH, 25-75 AL (50% AT SR FE K AR X A] 40 A7 B 2 1720
R (B 9as b) 5 MWERLERF I EL (B 9c. d) SRE, “7-207 ik R rb & 2% i) % st 4 K At
FReEmt A Bk KT “7-217 182, «7-207 0l FE R AT BE T4 AR TG R B IR B K
H AN (B 9g. h) A5 208 (B 9es ©) FSENGTHRE, “7-217 W FErRAE RS Pt
o [ K A B B S 438 R SRR B R /NS TR 5 450 B I B 17 - 207k AR Vi T R €721
Ik 4 K R 5t B0 i PR AR A

B9 AN FE J i Bk A Geit &4 . () FI(b) N FE R s (o) RN(d) W RFEERT a]; (o)
(DN 5 3B KB KE: (M) 1N RORFKE: Hr, £505 “7-217 &8, A58
“7-20" 14 F%

Fig.9 Box-and-whisker plot of the statistics of the short duration precipitation events with different
intensities for (a)(b) cumulated rainfall, (c)(d) duration, (e)(f) the maximum rainfall in 5 minutes,
(g)(h) the maximum rainfall in 1 hour in "7-21" (the left column) and "7-20" (the right column)
heavy rainfall process.

5. KIREX KIREX 2B TTEAX b

T R T BRI B, A BhRA% B H PURIE R« KRR DX R AR X KV € ST
Bk #7715 (Stohl and James, 2004, 2005; Sunand Wang, 2014, 2015; Ffxt4s, 2011;
Huang and Cui, 2015a) , X E6 7347 9 47 R 2 R A 1 32 B /KPR G AN [X 8 B DTk ) 22 5
FIFH FLEXPART A5 At #5045 , 4 Fridk B AR SR A ATIE ER 10 K (Numaguti, 1999; Trenberth,
1999) , f53] “7-217 F1<7-20" PR BRI 2 H AR SR pig st (B 10) , 43R5,
“7-217 SREEARFERE &R PR S BRI, HElE R AT HE.
HoR e Sl i, bSO FEANEE IR X b, YR E PR T A
F bR SR e B RAR, JEARTE 3000 SKLAR) , PARARE B R gl (WI4h v EE AT
BE, 296000 KLAR) o FREZRAGESATEEE w2 H ACHE (CHI46 & B EEATE 3000 K
PAR) Skt R AbEs X (B 10a) 5 0 “7-207 1bFE H AR HE R 1 b 5 me ] A B 4z
AE - B 2 B - rh R e - M VSR DG R S St (R w5 P ARTE 3000 KEATRD o dERiZR
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e PR P 1 A P - AR A - P LR P PR AR T (BB R BEARDR B D 5 ARG A O ) e [
Pt R AN S S e A I (RIR R EEAR X R D

K10 HirRHugshfid. (a)20124F 7 H 12 H 06 -22 H 06 IF; (b)2016 47 A 11 H 09
i 21 H 09 o Hukgi QR BB IR = (AGL, FAi: m), FO R TP
HIRIAR AL E -

Fig.10 Trajectories of the target particles (a) from 0600 LST 12 July to 0600 LST 22 July 2012, (b)
from 0900 LST 11 July to 0900 LST 21 July 2016. Trajectory segments are color to coded according
to the associated altitudes AGL (Above Ground Level, units: m). Purple star marks indicate the
beginning of the trajectories.

E-P I (& 11D 8o A XIERoR B R T i X I KV TR, Rt X 3R
ANRIEFEREO 5 PRI R, H AR IRAERIE H AR DX BT 20 7 2 A FIRERE (B
BRIRFESE) HIZR AR L, WIRIRIX SR E KIS E RE Rk H AR XIS, Mg i
BRIt 20 H AR DS B K P AR R OOk 2 E AR L (B 10) MR E-P 2
A CEL11D), BB 8 A>3 ZEI /KT TRUE R I XA € PRy R i e R b B — S50 Xk,
UG 7 5% LU 2 R KVRORTED « BRI (AD  ENFEP B-d b -h g 5 (B)
E g (C) « Fmm A [F 75 AL PAPa X (D)« o [E P ZRES & it (B) 78
EARAFPE S A AR (F) o SEPHRRS b MR I a i hX. (G, BAK HARIX 5K
(T -

Kl 11 E-PCE IR, FAL: mm)pAi. b, BT IXR A-G 205 SRR (A), B -

d A - TR R 2 By (B), B B HEE(C), T e R A [ P A L DA M X (D), 2R

FA X (E), PEARRSRE S H AU X (F), DRI Rt v v 26 B2 A 50 E 2% i X (G) o
Fig.11 Values of E-P diagnosed based on output from the FLEXPART model (color shading, units:

mm) for (a) "7-21" rainfall process, (b) "7-:20" rainfall process. A, B, C, D, E, F, G indicate the

Arabian sea, the Indian subcontinent- Bay of Bengal- Indochina Peninsula, the South China Sea, the

Tibetan Plateau and western China, the central and eastern China and coastal areas, the Northwest

Pacific and Sea of Japan, the Middle and high latitudes of Asian continent and the Okhotsk Sea.

R TV TTER 2 BAl it 777 (Sun and Wang, 2014) , MWIEE KSFL R ZEKS5 5
€ A R R /K IR IR X 7K B AR K XOR KRR (B Tk (B 12) .« ek bk
F, bR 8 ANXIERE /KT TTER T CRE R B I R4 K 2 B KV R R (47217
HHE: 90.15%; “7-2071dF2: 87.97%) , & NI/ EKEAREIRT 2 TR BAs Sz
AN AR SRR I I KIR S B 8 ANRBI X I 2 AME /KRB B EE 10 K2 AMRELT)
KR BARXTHCRE, PR RF NI R A R B R E A 28 gt X (B) $HUKExTH
i X 3k % K DTk 51 B R B, (H7-20” I FEBR T B X3 (DTRRE 41.14%) 24, SKREEIE
BTN PIE-rh R R (B X, TTEREE 15.55%) « PEEGHE (C X, 5i#kE 16.22%) ,
DL FEIE AT S HARHEHBIX. (F X35, DTBRZE 12.95%) ZEIX /KRN B AR X 57K i
P 7 EIETTER (5 =X TTIRRIL 44.72%, 5 E XBTTEREM ) , 1 “7-217 T4
MILLE X3k (TTikZE18 74.21%) NE, AR EKEK B B B -do b - 2 5
(B X3k, DTk 7.15%) FiAth 6 NXIk. M E-P B (B 1D IR DUSHEMER], “7-217
R B XK SERGE BT E IR, 17-20" 382 E XK ICE AR % .

B 12 SRR RO BARFK X TTRR R . (a) “7-217 i (b)*7-20"1d fE. MEEE 7
RERZERAGER, BOETTERANLRE NS

Fig.12 The contribution of each examined moisture source region marked with black rectangles
shown in Fig.10 to the total moisture released in the target region for (a) "7-21" rainfall process, (b)
"7-20" rainfall process. Orange histogram is the integrated result of the entire atmospheric layer,
while the green histogram is the integrated result of the boundary layer.
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H bR SN E RN KRR X BRI KR (Uptake) , TEIFE SO sh 2k i 72
P2y =R (B 13D« BB i@ ki85 (Loss) « BARFF KX BG4 (Released)
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Unreleased (Sunand Wang, 2014, 2015) o PHUCRERZR W FE H AR SERAE B X IEEETI7K
TRES R, FEXF H bR XK PR B IR E A1 23 3ilik 29 600% (“7-217)Fl 350%(<7-207),
HIERLE P K EHFE (LossHBor dibb sy ilik 75.1%M 58.3%) ,  “7-217 itk H
E X3 7KIEAE H b XRG4 (Released, 12.5%) &5 LEANFIA H b XA BT
4y (Unreleased, 12.4%) 5 LAH 2, 1f17-20” i B2 U 2 21 0E H b X 385 R 9% 8 550658 2

(Unreleased, 29.8%) LT AME; PIIGIHE HARSIRAE B X3 CEPREEY: By - s -

R FRKER IR S A7, (H<7-20" I FERREE X XS B AR XK R
TR ELAZ) 200%) , PRUGEFEA B XIS HUR K VR A RE RSt s vh g KR VE A, Hil
T B X E H bR XA T E XKIEZE, @ik (Loss) M GHHEER, o2
“7-217 R A, <7207 REH, HARRIRAE C (REEED MF (PEIERPE & H A
Hh XD DX AT 5 B R KRB, H B AR XSGR 2 T A v ZALR ok (B 12b)
b [ U X DT R Z EL B KT B Xk CEPRE P - d i -5 (B 12b) ,
F Xk Unreleasedi#fi 5 195 EAEXTEE R, “7-217 i, HARSH C. D #1F XA
— i B AH BKVRIEEL, (H4 R 2 BB, X B AR XK Tk s . TG R H
P DX BB 7K, AR XK (T) 7K (& 13) Floawk (B 12) H4ess. 5=
B FIA RS RS, (B 12 /1 13) .

Bl 13 B KIRUE X B Z R Al b)FA S Z (¢ A1 d) /KT SR U LUR AN AL eHE 3 i H A
ek 7K DXI N 7K RO 1 7 EE Y LT T o R AR IR A5 R i 70, TR B Cu AR H Ak
DXICRETBOR 73, 2R AR BNIE HAR X IE AR . 25008 “7-217 1 #E, A %51447-20”
Fig.13 Ratios of the moisture uptake from the examined moisture source regions (a) (b)across the
entire atmospheric layer and (c)(d) in the boundary layer to the total moisture release within the
target precipitation area for (a)(c) "7-21" rainfall process, (b)(d) "7-20" rainfall process. These
consist of three parts: the part lost in transit (baby blue), the part released over the target precipitation
area (dark blue), and the part that reached the target precipitation area but did not fall as precipitation

(green).
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Fig.1 The distribution of the automatic stations (solid dot) of Beijing in (a)2012, (b)2016.
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Fig.2 The distribution of the cumulated rainfall (shaded, unit: mm) (a) from 0600 LST 21 to 0400
LST 22 July 2012, (b) from 0600 UTC to 2000 UTC 21 July 2012, (c) from 2000 UTC 21 to 0400
UTC 22 July 2012, (d) from 0100 LST 19 to 0800 LST 21 July 2016, (e) from 0100 UTC 19 to
0100 UTC 20 July 2016, (f) from 0100 UTC 20 to 0800 UTC 21 July 2016. A thick gray line
denotes the 200-m terrain elevation. The black dots represent the stations of (a) Longquan station,
(b) Dongshancun station with largest accumulated rainfall.
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Fig.3 The evolution of the average hourly precipitation in the whole city of (a) "7.21" and (b)
"7.20" rainstorm process, (unit: mm); as well as the hourly precipitation in (c) Longquan station
and (d) Dongshancun station (unit: mm).
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Fig.6 Soundings taken at the BMR’s southern observatory at (a) 0800 LST 21 July 2012 and (b)

0800 LST 20 July 2016.
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Fig.11 Values of E-P diagnosed based on output from the FLEXPART model (color shading, units:
mm) for (a) "7-21" rainfall process, (b) "7-20" rainfall process. A, B, C, D, E, F, G indicate the
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Fig.12 The contribution of each examined moisture source region marked with black rectangles
shown in Fig.10 to the total moisture released in the target region for (a) "7-21" rainfall process,
(b) "7-20" rainfall process. Orange histogram is the integrated result of the entire atmospheric
layer, while the green histogram is the integrated result of the boundary layer.
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Fig.13 Ratios of the moisture uptake from the examined moisture source regions (a) (b)across the
entire atmospheric layer and (c¢)(d) in the boundary layer to the total moisture release within the
target precipitation area for (a)(c) "7-21" rainfall process, (b)(d) "7-20" rainfall process. These
consist of three parts: the part lost in transit (baby blue), the part released over the target
precipitation area (dark blue), and the part that reached the target precipitation area but did not fall

as precipitation (green).



