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Abstract

The rare regional heavy rainstorm process which occurred in Dalian on July 1-2 2013 was ana-
lyzed by using a variety of data. The results show that: (1) The heavy rainstorm process was the
interaction result of multiple systems such as northeast cold eddy, subtropical high, Hetao cyclone
and strong tropical storm “Rumbia”; the rainfall occurred mainly in the east of Hetao cyclone and
was a warm sector rainstorm; (2) the rainstorm can be divided into two stages; uneven precipita-
tion showed obvious mesoscale features; the position and intensity of the mesoscale convective
system with TBB < -52°C was a good indication for short-time strong precipitation area; (3) during
the precipitation, the wet layer over Dalian was very thick; water vapor mainly came from the
north of the south China sea; the landing and northward moving of “Rumbia” had obvious effect of
distant influence of tropical cyclone and contributed to the increase of precipitation; (4) since the
upper trough deepened and the subtropical high stretched westward, the southwest low-level jet
strengthened, which caused the middle-level and low-level convergence over Dalian strengthened
together with the surface convergence line moving eastward, and this provided a favorable dy-
namic conditions for the rainstorm with overlaying of strong upper divergence; (5) There was an
obvious high energy tongue over Dalian; the enhance of warm advection under 700 hPa contri-
buted to the establishment of the low-level high-energy center and made the convective instability
intensified, which was also an important cause of the rainstorm.
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20137 H 1~2 H, #db & ZRACHX I 1 — IROSE BB B A B2, ORI M X e 7K e 2 [A] AN F1] 20
ANNEE, AR 20K 53 ANl A EIA B R RGN, RORNM/KE 247 m, B KRS 60.7 mm/h, WEZ K.
JE 2T WA Z S KIET = AR D 0L, SZAa s K m, X B EK AR RN B, T
JAE K PEBTRBR KA, Tl S IR A2 T ™ Bk K T, AT 20k 3006 GRS, A2 111A 6000
N, BEHh. KM AT 10 J5 R, JEERIAIAN 4.7 AR, RIS 50 AR, HESFRREEIL
Tho XK T AT B A RSB R RN, KEMIX B E B R AEESHEAR, & RIEX RN,

FEIRHE [L]0F 70 F A R H X Y X Skt B W I = LR R G, F IR AS R v 4 Ay
A SR R R Y 2] VLAl ERY[3] TR AR R[4 2 B, H EAR AR B AR 4R K ORIE
i DX HH B X B T PR SR T 88 o RS [4] 0 BT RO M IX — Y e 5 N 3 R )l R R 35 0K [ R AIE 4 1
SRR X LA R AT Z 5 A 0 BEE G, BB EEWN RSP T KM 1 & BREATH
450Bz [1H- BRI R b R RRIE, RIS RGNS RN EERER . fEdba 721 BT
WEICH, 55 1 B B i B K — B0 il SRR X B K [5] [6] [7] [8], BEIX Y MCS R4 KIER T
FAbnt 721 M AW A EE RN 2 — . RIBE] T — IR BEVERR IR 2 51 K T AR IL . BRI ALSE
HBE X K2 P FE A R I 4R Y, B2 = iR PR B A R T BRI X B M R AR R 2SR 4R s Pk R
HJe HAS WA B RO XA R Gt BA A TSR B b 75 B X B B B AR R AR B D (R R/ R P 208K, Tl
WAMERE K. ACRAKEMX HE W R ZRL. MTSAT B2 0.5° x 0.5 (2K TBB %KL A NCEP 1)
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PRI I OR8N B ARE R SORRRL, 4 Ja DR 2 W T B2 (i 2 2% ik 4



http://creativecommons.org/licenses/by/4.0/

HRA, Bt

2. RFIEEN

SEHUME IR B, R AR T 7 A 1 H 16 B 5 B JaE % F 30 R M DX B, R DXOZ T ) b R
J&, 20 B G FF UG 4 DX B K IR JE T R T Bk 2R, 2 H 05 B o U SAORH N, & 12 IR R, i
FRit AT 132 AN B3N &3 TR /K E 87.9 mm, H A R/KESE 100 mm LLER¥, 5218 53 4, K2
I3 A T ACEB (8 22 5 B0 55 Jb AT Hh X, FEve) <35 8 /K i i IA 142 mm, Horf 34N i & i 200 mm,
FESKACEE A 247 mm, AR . WK EA ML), SARRICATEREIK. RIS, wf
RE R b T b 34 DA ARG TS AL E . P S AN A A C[10].

MBS I R (WL 1), BEAN R K I R A W A W S s 0 30« 28 — VSR PR K (B BIRAE 7 A 1 H 22~24 1,
TR AELE EAL T BL 5 E R R LXK, IR 20 AN 76 45 3k 5 R ST 20 mm/h,  Hih 5~6 ik A
sEEERE 30mm/h; 55 IR EEFFKHBLEE 2 H 03~05 B, K512 04~05 B, 4T £0A 33 /N A skt 20
mm/h, Hodr 14 kS R sRET 30 mm/h,  KGERG AT KM 5 1h B K B> Bl A 51.7 mm Al 60.7
mm. ST, SAERIE Rt 133 B R 20 mm/h, 43 shk SR 30 mm/h, 3 kYRR SR 50
mm/he EHIEAT I, XK BN EAGEE WEK, WHBAEF®, B8R R RARHE .

Table 1. Hourly precipitation at main stations of Dalian

F 1 KEMXFEL QR ERITR

] KiE ORI M D WLE CRE W K oo o

v s

2013-7-1: 16:00-17:00 0.4 1 0 0
2013-7-1: 17:00-18:00 12.8 1 0.8 2 0
2013-7-1: 18:00-19:00 34 51 0.9 2 1
2013-7-1: 19:00-20:00 0.1 24 3.1 2.7 10 2 1
2013-7-1: 20:00-21:00 0.1 23 20.7 3.7 4.8 14 2.9 2 1
2013-7-1: 21:00-22:00 0.1 0.1 0.2 7.7 6.3 155 135 1 9 2
2013-7-1: 22:00-23:00 0.5 13 12 4.7 3.1 28.9 28.1 8.8 23 5
2013-7-1: 23:00-24:00 1.6 0.1 0.1 4 4.2 10.2 26.6 0.2 17 6
2013-7-2: 00:00-01:00 0.4 0.3 7.4 7.1 7 10.5 10.1 5 1
2013-7-2: 01:00-02:00 0.9 15 0.9 0.6 0.2 0.8 10.2 72 5 1
2013-7-2: 02:00-03:00 4.2 72 3.2 0.4 2.8 4.6 13.9 5 3 1
2013-7-2: 03:00-04:00 6.7 23.5 7.6 11.7 15.2 9.8 16.3 12.8 25 9
2013-7-2: 04:00-05:00 51.7 19.9 13.2 19.5 7.7 6.7 19.8 215 33 14
2013-7-2: 05:00-06:00 11.9 15.9 7.3 49 3.8 49 6 8.2 2 1
2013-7-2: 06:00-07:00 2.4 10.4 1.2 13 0.1 0.2 3.8 24 1 0
2013-7-2: 07:00-08:00 2.6 5 1.9 11 3.8 55 11.9 10.6 2 0
2013-7-2: 08:00-12:00 0.5 0.2 0.6 0.9 34 55 11.9 9.9 0 0

it 100.2 87.4 45.7 87.3 65.4 1071 1739 1106 133 43
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31. BEKE

KRR FE W FRIERIA TR BIRGT S T ES R R R AR E 2 ARG LR mA
FIZAE T HILE . AW 1(a)RT W, 1 H 14 i, 500 hPa FZdb B HIRIRBAEAE, WHEVE IS TR RE, 21
JEPEB R, T A R i 2 R N . I N v 588 R P A A [ Hh X, 5| SR 1306 5 gk AT KU
LT P IEFEE . XM 200 hPa FAEdL s KR s AR, 40°N~45"N Hb X 4775 47 [ 5 25 2
AT RRE iy R ARG FET 2 S 10 XA M (EImg) . 3X B 700 hPa AT 850 hPa - AR LA FE 6 42
T 1L X A7 P B XU 75 B XU 148, 950~700 hPa b B v b i 28 KT o il b [X DA K 28 AL X I 777
HE > 12 mis FIRTS Sr(EIR), DL 850 hPa b aifif i, K XIHZ) 18 m/s (14 1(a)), WLEMEZ 2
RIE HJRGEBR, AR T4 r iR S m et RIbth X fiE. b/, 200 hPa @2 S fE ARk B2
BRATEMEDS N, 52 m S 24 MARECRIA R, 500 hPa RIS 4 F2 Nk, 700 hPa i1 850 hPa
T R AL B AR ARG TR AR UIAR, A A BRI . R, S A R BT B S A v e
Jbth, 515 IR A RBE AR L. £ 2 H 02 5, HARILMM A HE 2R 5 AR 66 1 7E
B SUERETNE K — Fr» 850 hPa A7 F- 1L 7R 5 B2 i it o0 KGHE K 3 24 mifs, KA T S0 i)
FERTHT (] 1(b)), &7 2RAML A KE L X fiik T KRERAKR, EAFT EFHE8), Wi 8060 5 5% K
S, 2 H 08 WG, B S S, RSt R, K X B K0z 45
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Mo b, 1 H 14 R E AR ARy R R e AR, RPN SR B T R LA PO
. BRI ARACX, I 4 SRR, Tl UK 998 hPa (14 2(a)). Bb)E, TR
REEINER S HARZ R AR, VE A b X g9 I A e o . KIS, T3 A B U AT i, 2 HL AR A5
Wi, 16 I 5 R B DX AR R, BT8Ry INRE . (HRT SRR DA K HL Y X [ L By K. 2= 2 H 02
i, R g AR R B L, RIS R AR 5 AR AR AT A, O R R 994
hPa, XN RIEAL T UIRIR B ML (K 2(b)), BE/KAmgse. 2 H 08 )5, FEE Ukt DK%, Kk
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Figure 1. The 500 hPa Height (solid line, unit: dagpm) and temperature (dashed line, unit: °C) and 200 hPa upper-level jet
(barb, unit: m/s) and 850 hPa low-level jet (arrow, shaded area, unit: m/s) at (a) 14:00 BT 1 July and (b) 02:00 BT 2 July
[& 1. 500 hPa (A S EIH(SELk, BAL: dgdm)FUREIAH(EL, BAL: C)F1 200 hPa 2R (XII, E#fL: m/s), 850 hPa
SREL, BA: ms, BARXARR) (@)1 H 14 F; (b)2 H 02 &)

O,




HRA, Bt

~ ooo;/?,‘ool?ﬂ' \
7

5°) / g
S A AP LT
NS5 ) 100017 st
40°N ?f \\, — ]ookﬁjmoo:f v
v A\ A A" A &
N y
(2 9 |
" LY {

]

~
b ,,4 < F 7
25°N ?/1002 < | (
=t / 1002 |
}\,J J) ™MD S AV
/ i ~ — \\
P / ARSI\ X\
20 5 SO Y
O N \ig0s1000 /| T A
@/,‘w}\}}é\”, A E/J/‘\vf(\
15°N - [ . 15°N ‘
90°E 100°E 110°E 120°E 130°E 140°E 150°E 90°E 100°E

@ (b)

Figure 2. Sea level pressure (contour, unit: hPa) and wind at 10 m (barb, unit: m/s), at (a) 14:00 BT 1 July and (b) 02:00 BT
2 July, 2013

E 2. B PESESHEEZ, $2A40: hPa)Fn 10 m XUIFA(XIT, B4 mis) (@)1 B 14 BF; (b)2 H 02 )

PLE T R B IR O B A R AR & A R AR AR, i AR AR AR08 JR GEE & v 2 M IR A
T U AR M T B S I i, 2R B BORAEAE P RR VI Z T . M R AIRR X, BRI IE], K
SRR T A SR DO MRS S 2R D R 21T 77, R BURE K B & AR T4
B ETHIEZl, AT R TR R R B SRR AN B A B EI X, 9 M AR AR TR 2
FIKIaRAE . Beah, BIRGE m R TEEd6 51 “REE” s KBS L, S5 finiRItFEE
A1 SBOARHEALES RN AR E 20 AT 98, X BRI AR, BRI & X b B 2
R AR o

4. DEZXE TBB FHESDH

WIRTFTIR, 1% KR FERE K (a4, RS K B A Ay, B R RUEREE. ) MTSAT
TRIZN TBB I RE, XIRKRWIAEEER 34 TBB <-52°CHIH- Rt 2 11 & e i Ar i
B, i 3@ R, 1 H 218, 34 TBB < —52°CHIXT it = [ 4 B T i A6 & 2 JGE Ak #(A)
IS (B) ITALZAR B S Kl AR PEILEI(C), X B RKIEF AR A X PEREK HoApdb A K. s A = JI%R
Fo 78 o R AR 2 (1] 3(b) AN 3(c)), RHEHE X oK B8 — VR K I B, R BB HLIX 20K 9 /N i R
SR 20 mm/h, A 2 ANub AW SRR 30 mm/h. [FIES, B C AR & BB RS, B = B
B R K H PN A TBB < —72°C ¥ 0(F 3(d)FfIA 3(e)). & 2 H 02 i, T A =R & K%,
KL X /K B B055 s 5 ILFER, C mHEB@EmE#H S B = s, Haliras e Kk
BRHLX, KRS E MK T A B (5 3(HATIE 3(0)). = 2 H 04 H(1E 3(h)), 24eR&EH By C Xz Bl
RIBH, EIERE, TBB<-72Cx Xl T a@te, cEHEKENTX B2, SETH K
FERT SRR KR Z s Blsemiin, 4 B4t 58 ¥R 20 mm/h, 23 35K sREEE 30 mm/h,
3 B R sE I 50 mm/h, T KRS A L h BEK R T NS 60.7 mm, £ iz R BT K B (104.4
mm) ¥ 60%. 2 H 05 (1] 3(0)) G BEE Z = A AR 8%, KIERX K B85S . Hitkrl i, TBB <-52°C
(e =B RUBE T 2 A1 PR A BB e PS5 o A4S 1 i e i P K P 0 DX B 4R R PE . R R ESOR R I ) 2 2R
K, o TBB < —72°C [ it o0 J B 5 W A STk 0 B I
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Figure 3. The hourly MTSAT satellite’s TBB images from (a) 2013-07-01. 21:00; (b) 2013-07-01, 22:00; (c) 2013-07-01,
23:00; (d) 2013-07-02, 00:00; (e) 2013-07-02, 01:00; (f) 2013-07-02, 02:00; (g) 2013-07-02, 03:00; (h) 2013-07-02. 04:00; (i)
2013-07-02; 05:00

[E 3. MTSAT T 23%8 TBB El% ((a)-()>x 3 N F 1 H 2184 % 2 H 05 A) o (a) 2013-07-01. 21:00; (b) 2013-07-01, 22:00;
(c) 2013-07-01, 23:00; (d) 2013-07-02, 00:00; (e) 2013-07-02, 01:00; (f) 2013-07-02, 02:00; (g) 2013-07-02, 03:00; (h)
2013-07-02. 04:00; (i) 2013-07-02; 05:00
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Fo A HIKVT AT B T B AN AT A R 25 A 22— o AR b XA G 5 (] 4(a)) R K VROIE BB 35 (1] 4(b))
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W5, B 500 hPa L KVAAHEUZ AWt g E ke, Kk b8 2K N, KA.
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DARE X EIE g B LF#RPE 15 gkg P UAE, PEEREE AL g KT 20 gkg s KIEHIX g IR/, HHAT

Nee : s E 124°E SOM6e

369




HRA, Bt

(b)

Figure 4. The height-time cross-section of relative humidity ((a) unit: %, shaded area > 80); and moisture flux divergence
((b) unit: g-hPa ~cm s

B 4. HxHRE (@B %, PBEER >80)MACKEEME(D)BA: ghPacm s )WEE - HIEHEHE

°N
100°E 110°E 120°E 130°E 140°E 150°E o 100°E 110°E 120°E 130°E

12

@ (b)

Figure 5. The specific humidity (shaded, unit: g/kg) and moisture flux (arrow, unit: g-hPa *cm s}, contour areas > 12), at
(a) 08:00 BT 1 July and (b) 02:00 BT 2 July

5.925 hPa LB (FARZIX, BA{L: g/ko)M7KRBE (KRESTL, BAL: ghPaem s, FELRXE > 12), (()1 H
08 BF; (b)2 H 02 BY)

10 g-kg ™ty SR MR U5 T SR X AR LRI B AT R PE R 4 & R AL X, 778 B B 7KIR
ELIEIE, KB R SEIX AL 18~21 ghPa tem bs e 2 H 021, BEE “IRELIE” MR B S
Jbb, B ALKV SIS N, KT R A AR B KB R S X A 24 g-hPaem s,
KEHX g BRI PB4 3R B PR L X A2 KR AR 7e i, (B IR R m K X ik, S8OKE
NI EBKFORIE TR, IR pEkEdl RO T R AR A 2R G, AR TR R E i
(1 B Y8 AR A T R i B R M X, O X el B R T B 4t T R P PR kIR 56

5.2. BNFHIH

AR HI [X 55075 37 FN A B P 37 1 e — e 1030 T P (1] )R, B /KRR, K% b= 400 hPa LA
T HE 7 LSS BN T, 300 hPa A2 4 fRAE R & Thty, 3X I 700 hPa LA R EESS R EFH<iR.1 H 16 G,
B 2 1 2 IR Sy LS, RIEMLIX FIEREK, HLEUE 3% & A B B 7%, 500 hPa LA MK JE 44 . 500 hPa
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Figure 6. The height-time cross-section of divergence ((a) unit: 107° s%) and vertical velocity ((b) unit: 10 hPa's™) and
vorticity ((c) unit: 07°s™?)
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T2 BT B B R S H B
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53. FRERERSH
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Figure 7. The height-time cross-section of 6, ((a) unit: K) and temperature advection ((b) unit: 10°° °C-s™)
B 7. KEMXEEYELRE 0 ()8B4: K)FMBEEFR(b)EBA: 10°°Cs YWEE - FiEsIEE

M FR AR NEE (1 7(), ZWHIA 0, EHIENS 5 KE EEA B PR E VIS, 1
H 08 2 2 H 08 I, K b2 ZHAIE-TFHAER], X1 O (HRIZHH K. Kl 1 H 20 i )5,
700 hPa LA FHEFi Bl E58, £ 2 H 02 1, 925hPa FJEAL T 15 x 10°° C-s * fBE- it ty, Ffd 925
hPa Tk Os 2174 351 K [ Re O A i ANFRE Rkl 2 H 08 i 5, BEE e Ed 5, iz
s EA AR O R TR, HARATRE M SRS, U O (H AR AR RO 25
Fa e T

6. &t

FIFZFEoRE, XF 2013 4 7 A 1~2 HARAELE KEH X {9 — R X KRN 534 K5 W i 2 ik 47
TEREZW T, SRuT:

(1) RRKBEW AR R ACA R IR O B e B2 R T 44 R =2 1,
B /K 2 B R AR AE R DA L A M b T <R R P

(2) TBB < —52°C H1-B X X it 2 [ 114 57 5 56 B 56 et B e B /K (1) 9 XA S i PR s AE . 3 AN TBB <
—52°C[#H-p R 2 F 2 5 B IR K W R 1 2 2R, JELL TBB < —72°C IR 2 F 6 KR )
DUk N B 5

(3) I RRA KK BN FE R KR EoR E R AL, R sRavay BRI BRI B, A m s
AR Z YR LT B VE R I, TERR T R 1 5 RGIZE PR 0 R MO, KT Bk PR 3 e A (2 A

(4) ZRIAIRD, KA TR S O B A BT 77, A e VIR 25 SR 14 18 i R T X [ 75 288 D0 A
KEMX FRERE IR, SEsmiiBX 28, R4E LAk, KRN RIS T AR 1)
JI5A

(5) K% PR R T, FBWEERETE 0, > 342 K EREEAE T, HICER TR
BEGRAEEE T 925 hPa i O > 351 K SREA S, HSECT MR E RN, i Btk ko pF
I Db B %A
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