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Abstract

The forecasting of warm sector heavy rainfall in northern China is a difficult problem. On the night
of July 30, 2012, a warm-sector extreme heavy rainfall occurred in Jincheng, Shanxi province,
which broke the historical extreme value and caused severe flooding. In this paper, the extreme
strong precipitation process causes were analyzed by using conventional and unconventional ob-
servation data. The results showed that the torrential rainfall was the result of the combined ac-
tion of the upper jet, west wind trough, Japan Sea high pressure, low-level cold shear line and
warm shear lines, long-distance typhoon. The torrential rain occurred under high -level distribu-
tion field with strong divergence airflow, near low-level shear line. The surrounding environment
conditions of Jincheng were favorable for the generation and development of deep wet convection,
and the surrounding area of extreme precipitation area had deep wet convection potential. In the
period of heavy rainfall in Jincheng, the mesoscale convergence line was stable and less moving
around Jincheng, and the convection was continuously triggered. Since the directions of the echo
long axis and echo movement were parallel, train effect was obviously seen during this precipita-
tion process. Meanwhile, the radar echo had the characteristics of backward propagation and low
centroid which were similar to tropical heavy rainfalls. The cyclonic convergence of the wind field
in southern Shanxi and the dynamic uplift and convergence of the Taihang mountain topography
provided favorable dynamic conditions for the occurrence of heavy precipitation. The short-time
forecast and nowcasting based on radar observation could effectively compensate the lack of abil-
ity in finding mesoscale and small-scale systems by NWP models, which may improve the accuracy
of forecasting warm sector rainfalls.
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IO T I PE AR EE, RARAT, Ml R, PO, Jhddae, 20 iEm b A E TP
AT SR L B, B SRR, AT RATIIE . BT HUBBHESASRAER, EIRT R W E
IAE AT LRI [ 1]

WX W 2 RAEAERG 7 o IR IX W I8 S 5 F s AR (2014 H, 4 4 e il VA £ b i T e 0 92
X H, —MEE B H I Z T R4 200~300 km, HEAZRATRBUEHEA SR T EHIN =L 2EN, Bf
SREER, JEHEN, xPyitEsR, BKEMXNETRRE S, WE 5 KENRE. TJLEkR, KRTIETmRX 5
RN FRIAIT T8 1 22 o TSR350 0T 77 2012 4EAb 5T “7.217 Mo ompi Kl R, R BB /K R e g [X B 7K
BEMFEKARL, 2 T G RE (s A R S MR SR . VB AR SR (4R R0 “7.217 FERBEW 2 H
BEIX PEKIE R, FEARF R B /KRR (K . /MBS ISR A BB B 22008 o A RAE (5150 HT 2013 4F 6
H 19~20 HH B 2R B R X 2 1 2235 ) B IR RRAE R B, IR X 2 I J L S OGHVA [E 8 PR 91 0 R B S, 5
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13— MK T 45 dBz, HFZENAMT 0CIZLL T B HEEE[61%F 2016 457 H 9 H# £ I XK KR Wil 72
FRFBEAT T 2865001, KL & RS R B I 8 IR AR AT L R GBI 2 P i S Fa FH e KR X B3
KN [ 4 FRR S HE 2, 500 hPa AR 7 He BT 5 75 (15574 I SR Z B IR B £ a8 Sk — B3 7K
RIZEEATE, NBEWNRAETRME T AKRFIN HATRE K1

IR X B R EA B R 0 b ROBERFAE,  (E TR 53 R R AT 32 B2 KRB ARk, /R
M R GUAR MERE F A 2, 5 BB K (0L L TR)RTE DX DR, A6 7 % [X 2 W TR e Aol 45 TR o ) — A
M ] [ 7]-[12].

2012 47 H 30 HA& (A, kb RAT LR S 3 i R AR 7 H 1956 A i A SR MM 57 AR 58 1)
KEW . KREWXIEE/DNHE, BHRMEERK. HREERE KGR 3 B R AR A B R X, BT
BEIX M. X THUOIRE, BRI G GI8EHT 24 h TR H LA RBIRW, HWiAaeH
RATT BT E, AR BB M A Al Th KR MY X DA B K BT BRI GR B3R EA 2, I R T
AR X R X K RS RE A PR, B0 7 RO A, DRI X O R W I R A AT S R A AT . AR SCR]
PRSI GERE . M TN 25 BRI CC 2 8 KA TR TR, R V0 b iy 14 e K FR (LA T AR
N “7.317 BRI ATSE AT, DUHAER R AR a5 U G SR 2 W R, o <o A s A K S A
(RYBRAR, 2 xS i R Ao R A T A
2. RSEBR

2012 4F 7 H 30 HEREIKE, b 7 —ORVERZEW AR OC RN SR, AZd. b, il
Jb. JE5TA 66 ANE KM 24 h BRI E#E 50 mm, HAAE 5 SRR RGBT 100 mm. KREMTEKX
53 B ILE LL G 48 R AR T AT A8 AR, S KPR IR DR AT 1L P oL G A R K
MY BN 224 mm (14 1), B3t (0 Bk £ ZEHBLAE 30 H 23 B9~31 H 03 B (AL, FIE), 4 /N FER
201 mm, ZEWE T HIWATA R RLFRIN LA, TRRKES: 2 h iR 80 mm-h 754 AL,
J& T A R A 5 P K ZEAF[13] (1 h FI &R > 50 mm 5§ 3 h & > 100 mm). BT FHEWRESHBE R, &
N 8] P9 S X T A 1, VKSR KR, B ERMRR RS, T R HK, RIEVIAE. 4
BREWIE, HEAFIRKIE 3L T.

Figure 1. 24 h rainfall (mm) at 8:00 on July 31,2012 (=50 mm)
1.2012 % 7 A 31 H 08 BF#Y 24 h FFLL LK E (mm)
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Figure 2. Histogram of hourly rainfall in Jincheng, Jincun and Beishidian 23:00 BT 30-08:00 BT 31July 2012
2. BuG . SFTuEFIIL A S uh S RO BT B R BB K E AR E

3. REHBMIMEEE ST
3.1. REEBEIH

Wi 3 froc: 7 B30 H 20K, 200 hPa i 25— B N EEZE AR, SHab T, BUEHEN
21.7*107°s™" (J&lHE); 500 hPa FAEALHLIX 7 T 2= fl i, o pg s A i X 7746 —2°C I 24 h B3 7128
JEIX; 850 hpa b, #EALEFHBIEFHIX AL T LR > 16 gkg ' MIEHEX, LA — “ N7 72k
A, EHAREEES KM 9 56X “TRh” Z A — 2% 255 25 7 ] B BRI It s I % R X fnics
IRV, Bt XA T IR ST T oty 1) R 4 B X o I Z BRI SR AE i AR [T, A5 A A e
R o, B S A U P R A M 30 H 08 B ) CAPE {54 1250 J-kg ', 30 H 20 B 38 K %1 3330 Jkg !
(RTBOR, IR, ZREEBRIR AU b iE, 4ERF T ARAbIX XA AL BE CAPE FKVAAER, A F)
FARAT WL SR B AR 7= AR R R o o i 2 8 i i R A L R T s iR 248 & BT g
3, RIS RSB ARRBKEREN KL, REQET RIFEMN: mEATSSSMERERESS
FHERFREATEENIMN. Y2 VIRLRE 2 2 wmm s N, 15E 5 KRR AR
AR, WSMRERAIRERE, KEWX R ELRERIBERSRNZ T REVALMIT. Hm
b (Emg), L PE R ER AL TR T AR X . “7.317 B oRMK & AERA(30 H 23 IF~31 H 03 i), 30
H 23 I 75 L P9 il B~k A BT — 4%, BT BRI R iR, 2 BB sgE,
31 H 05 B AR 2 I KIG~EIN—4, IEABBEN, 31 H 08 B 2 B i i~ 1 RILH. 58
K B 3R — B AL TR AT IE X o 33X VAR i 1 B Y I FE L bR R ) AL RN 3R [14], BN RAELE
RETHRRRIESA T, REE2i. AE. HAREBEE. K2 “N7 ZRUEL, alfEe SR
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Figure 3. Comprehensive situation at 20:00 BT on 30 July 2012. (Black lines denote geopotential heights at 500 hPa. unit:
dagpm)
[& 3.2012 £ 7 A 30 B 20 BRI E R E(FELZ S 500 hPa (N B SE, BL: dagpm)

3.2. XBIFESY

MBI 0k ORISR 7 H 30 H 08 Inf, K, B2 (] 4(a)) 700 hPa LR /KR o,
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[ ZAB M (1] 4(d)) B2V 28 1, 620 hPa DL R IR EICRI K, AR RE R, H Xt
MR, TR, CAPE BRIk, M 08 IFf# 1250 Jkg ' # K F] 20 I 3330 T'kg™', CIN 1R
/N, 30 R IH) H 35 X I R T A SR B K

hpa

3 5 .
20082 @ o__lp 20 30 40 1
SELE R AU 1 B
M. 537720K ) Ull,\
24 30 081
250 124207 H 30 H 081 hs0
L30°C e
3004 i 300 W
9km e T
-20°C e
400 400
L 10C IS =7
okm .
500F— =< 500
‘Tal
600 N LFC 600
700(3km R 700
2km e J
it N\ NedieCCH
850 STor. 350 p=%
925 ";.l ) 925
1000 ‘ - e : ‘ LN AN A OV 000
80 70 -60 -50 -40 -30 20 -0 0 10 20 30 40°¢C

SRR HIAHEE>80%)

DOI: 10.12677/ccrl.2019.82023 200 SR AR


https://doi.org/10.12677/ccrl.2019.82023

Tl 5%

hpag) (b)

30 30 20 10 0 10 20 30 4
i ! { ’ TREER RO thoo
L l3t: 53083(8H)
2500 i R~ Y 4 124£07 A 30 H 0815 hso
R b
\J 3070
300 ! \ R =— T >__ho ~
2k \‘\ : b R o 4
N N : N X\ e
400 a0 I NS SN y 400 s
AN i 3 b 3 4 WNL10°C
N, i :
6km T |
500 —— > . 500 A
\\\ \\ \\»-
600 Nt 600
g SRR i
7003k, et Dot 700
N » g
2km ‘\\ sk < >
850 lkm ‘:P‘h\ \~[\, T 850
92— = 25
1000; 1 BN % E— il I Tng ey 1000 ,f
80 -7 60 -50 -40 30 20 -10 0 °C
AREHRHEE>80%)
hpag, () 60 50 40 30 20 <100 10 20 30 4
200, = = = b0 W
N 9 \ " [ AT 1
h R ™, { % ] | : S3TTA(NIR)
250> S N AN N W N N 207 A 30 H 200 250 S|
' ' 0 C—
e e ERS
S a0
400
500 W
600
700 J
850 850 —\
925 Y 925
1000 1 T N 1000
80 -70 -60 - 40 30 20 -10 0 40°C
S I E=80%)
MPAso ) o6 30 20 0 o g0 20 30 4 f
~, b ) N IS XM S 8
N R {
, N, s i b
2500 et IS = D50
& ~ 3 i -30°C. o
300k B ' AR s—I>_ K00 h\
_"\1\ -207Cpm
400ps. 100
N
Soo bR
— 500
S 5 /|
\'\ \\
60 = e YL 600
“
g1y FLII B Y ' 700
- J
85 E AN e 850
59U 1km e 3 )
of— S _1 i - ST\ 025 J
1000f— Nl S L MRS —ONC A REN000 )
. 50 40 30 20 -10 0 10 20 30 40°C

0 -70 -60
S JE (AN Z>80%)

Figure 4. Sounding chart of Taiyuan ((a), (c)) and Zhengzhou ((b), (d)) at 08:00 and 20:00 on July 30, 2012
4.2012 % 7 B 30 H 08 B, 20 FFKIE(()s (c)FAERIMI((b). ()IRZ=E
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e
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ST SRR R AR 2 BT T AR I R SR R AE S LA (2 1): 7 H 30 H 08~20 B, KJRM K 48
B, NI K N 08 B2 20 BFBHEIE K. o6, RJEFBM 35K AT K EPW) A E
08 I £ 20 WA K . JEMBE = 2 BG40 THE S = 5 0°C J2 2 8] 1 ) ) A R4 e B K R I H B
[11], BEZ)ZEEAE 4000 m LA EEAERIE . AFE 1 Aml L, Aot B 7K DX 108 25 3 A 08 B AT 20 B (1B
=R FEHRAE 4200 m PL b, 20 I K JFURIFER I 35 43 50l 9 4240 m H1 4410 m, J& TIRERR =)= #0HsT, &
L K 22 H50hW o e e /K — B0t U AE IR J2 IR B DR B S OB, 559 00 2 B XD AR A R T b ROBEX I R 4t
HAAHALNE15]. AIE 4 T, 30 H 08 B 45 20 I, Ak MHS PN 36 10 3 B X AR #R 59 - 25 B PTiR,
SERXTR A Z AT, HIE LG TR ARG, R ERE, EERDARN, FIRATA IR SR F
T 5 B K R AE[15]

Table 1. Main environmental parameters in surrounding areas from Jincheng at 20:00 BT on 30 July 2012

2 1.2012 £ 7 B 30 B 08 B3FA 20 BE AN T EESH

013 H 08 B 13 H 20 B
Wy - -

KIE N NG AN

K (C) 42 26 38 41
CAPE (J'kg ") 300 1250 10 3330

CIN (J-.kg™) 120 110 130 10

Tss0-500 (C) 26 25 22 25

0~6 km KUK % (ms ™) 8 3 2 5
BE 2 22 5/ (m) 4230 4500 4240 4410

PW (mm) 45 47 52 57
LCL (m) 840 900 880 880
LFC (m) 630 660 850 860
Zo (m) 5070 5400 5120 5300
Z .5 (m) 8630 8770 8900 8900

3.3. KRFKH

IR SRR A LE R i s K RF EEAEH, ARUGE A, 7 H 30 H 08 I, bt I
TARJE RS K, 5B /K T D (35.5°N, 112.8°E) L 850 hPa A1 925 hPa [ LIRS BN 7.7 gk
16.1 g-kg'530 H 20 i, S0k g 8 oI 290 B 19 K, B 3806 I 850 hPa A1925 hPa O LLIE I INE 11.3 gkg '
16.9 gkg'o AIUL, SEBEKFFLARTAEAL R R ERRZ KR LA F 5 . 7 A 30 H 20 i, BE# 850 hPa “ N7 F
TEOVARL AR, WA T /KB ERUE RS PG, AKEEEEEAN-20 * 107 gem >hPa 'S, Tl
XAKVE B R K X — T SR VIR LR ARG B R, I — 7 2 B il & XK (8] B2 00
sl X AL T B SR T RS A X, AR G B, B IR AR T & KO f B A
U v R TR ) SO BB R, s 7 /KIR B R g b ik . 2R BN, AE R v B K R AR R, E IS
HA RIS, KEESHE, GBS 4E,

4. BB i pEIK AR B 43 4
4.1. MFIER

P 5% T 2 IAE LB A3 XU L (X[ 14] 0 Bt XA T RAT LR &6, i AL B, 5 RAT
LR E ) G AL T AR P ) R e B, (IR A gaa s T, nes 7 T HE s, oK A B R
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MEVER . M7 H 30 H 20 B 850 hPa K37 S B S 7 & nnl & H (K] 5), 75 RAT L g AL 75 5 i 2R
Ko e AR A, SR A THEA L, AR R RS RAT L 8 2R 7 ) i He 1
2, T X B B AR EE A DA RAT I T 1 3 336 T+ R 8 A 18 B s Bk it & A 343t 7 B F)
B30 11 44

3800
3300
2800
2300
1870

Figure 5. Superposition of wind field and divergence field (unit: 10-6S-1) at 850 hPa with topography at 20:00 BT on July
30,2012

5.2012 £ 7 B 30 H 20 B 850 hPa RIAREUEIA(FFELE, B 10-6S-1)SHFHIEM

4.2. DE=EH1E

SCRR[61H5 K REEAE 20~200 km 22 8], A:dir s 3 h sk B = TSER(TBBY/N P& F-32°C Ry RE
Xz BIE SR g REEXTLR S M 4,CS ).

7 H 30 H 22 B, fEWLPEFEEEES 850 hPa ¥ UL ARM . B UL L ma U BT 2 A4 4% 52 1)
M, CS (= A M= B, W), =P A MR K, TBB HEX-63C, ZH] B A,
SRIERLTS, TBB HUOMEN-43°C, M, fExF A 1) TBB Z5(E 26K 4h(EP X it 2= 14 ) 9l BB 26 =
B 1) TBB S EHL KA GMIHBL T 1 /M 50 mm B ERIFEK, 4Tz HE A B ZIAIFE IR KIS AR TF1R;
30 H 23 B (EIng%) = 3 A B 500 hPa {7t 7t p S0 ) AR AL 30, N = F1 B e fm o in s H AR
AE, BEAKTFMEIRINGE, BERE AN, WG TR BRI BHREL g B T 20 mm 1)
Bk, Horb 1 3t 50 mm, HIIHX 1 h BEKE N 46.0 mm, FEEK HBLEE 2 B TBB S5 28 KAl i .
31 H 00 = Hl A MIzH B &3 BN H] C IIEA TR, —58°C5s .0 Bl B 2
B4R, A, 7RI LR A — MR s B D B A (& 6), 01~03 B 30 (EHg), 00~03 B 7E TBB ik
EHORIEWIRX . FEME L FIRE I T 1 h WEHEIT 50 mm PJ5EFEK, HAaEist 31 H 00~01 K.
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01~02 I 02~03 i 1 h [F/KE5r 5N 61.3 mm. 49.7 mm 1 43.6 mm. 04 i )5(&I%), H1F=H D
K&, = CELEBSEP IR SHA%E, TBB %M Khim AW, SRR S X .

L

Figure 6. Fy-2E infrared cloud image at 01:00 BT on July 31, 2012 and 1-hour rainfall (01:00-02:00) (contour line: TBB,
unit: K; black line: long axis of TBB contour; white oval area: location of Jincheng flash-rain area; purple number: the value
of 1 h rainfall value > 20 mm; red number: the value of 1 h rainfall > 50 mm)

& 6.2012 £ 7 B 31 B 01 B FY-2E 5 =BS5S 1 MEFEKE01~02 BY) (FEL I EIN=E TBB, #Bi: K; BGL%k
£ TBB HEZ&KH; BEHEAFRBAESHARARME; LEHFAHILMHEE >20mm BOHE. T6HFEHR1
h W& >50 mm AYEE)

CLES BT R, IS R M X R 5 K = A — N BAT g REEXHR R GURHERO = 4] C, B
MR BRE B BN & IR )5 R = B H-58 CHysa L VE B B B K. Fagbal, &L
TR ES: 4 /N BLBRFEIK, SR EEK XA BRI 2= BRI TR S R B AE R = B 5%, 5k
IKHBLE TBB SEELAHH P, #2230 TBB S EZARAE 01 X, Z I 2 3 5 1 i 04 1 R A
) AR ZR AL T [ R B R R T, SR T T A U 2 L e T A OB ) s i s ], R0 xR = B
PN RS ) B 7K o

43. WEAFREESLSIIEHN

K2 0 e b i A R RS T b T BA R AR A LR IR 16]. 31 H 20 B, Hufii Mg ol 7), g
A~ R A A AR AL~ Pa R E R I R R R B 2, (EAR S AR A KA. il i REEAR G 4N
AR TR ), SEARERER, EXRARGKAE KRR NLE . 31 B 23 &,
o R G A BRI PG, EIRIR X K iR . WKIE 2 EIREIE LS A O T
FRPREI(E] 8(a)), BT HORBERR A Gl R AE A, ZEFCPRONAG X A B 2R A, IR T XU 2K 32 T 38 U]
(SSWHIAIAL R AL 3. BREEAKIFLARTI 22:36, 7RSI R A — XA 8(a), AR 1), SEM%sL,
LB A 45 dBz, ZEARIZRACTT SN, 291 AN R RIE R B, (R 7R IR e A B A
W2 A, IEARACIRAC T RSB I, TEBE)S I — AN PR I A T SRR K. 30 H 23 BF~31 H
02 i, FREEALIVTABIE (D), Hik— B T, AW % AR e S AE Sk g, [\
N 3R G R AN A AR T R AE e I R R A R PR R R T KRR B E A I, S A
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e BE I, FPARTRRE K (B 8(c)~(d))e Xt Ial e KAk 7 1m) 5 R 2l 77 [ e AT, FI RN 2. 02
UL, BEETRERAGEAE, RGEELERE, FREIBEAT IR RS EIFEMOR, X E S 0 e~
RAG A BV T8 ) BT IR 20 A1 (] 8(e)) o iR B 7R 2 JH 1], 2000 32 30 10) B 23 B AR 1) S S 6 IR -5l 7 35~45
dBz 2 [f], #& K% 55 dBz (K] 8(a)~(e)), [MIVETNE 8~12 km. JeHhik 14 km, JiOr58JE1E 45~55 dBz 2 [i]
(1 9), [ElB B0 BERHERAE 6 km 2R, & TR 5T 0o FAHT B K B 98

@

Figure 7. Surface wind field and precipitation area (shadow area) at 20:00 BT on July 30 2012 (black line: convergence line)
7.2012 4 7 B 30 B 20 Rt EXIAFEKER BFX), (BEEXAERELEK)
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] . = ””\ \ -
Figure 8. Changzhi radar 1.5° elevation reflectivity images at 22:35, 23:32 BT on July 30 2012 ((a), (b)) and 00:33, 01:34,
02:39 BT on July 31 2012 ((c), (d), (e)), Moving location of mesoscale convergence line (f)
8. 2012 4 7 B 30 H 22 Bf~31 H 02 FKIE CC BRABMR 1 B 1.5 MARFEEFE (a)~(e)MPREBEL
B EE(D)

M T 5 B SRR o B K X S 0 DR i A R T LA 3, A8 K R A ) 7 B BHA I PR R, AN
WA BT SR A (A8 B AR AR S T A B AR R P B XU A 2R A B T7 R SRR T
i R R A A 1Y, XA LR AR 0T R 5 [ e Bm AL 3E(17] [18]. FIE RN AR 32
UMLK AN, SRR R R AR E B R BRI RIS, £ “7.317 Bl 2
HRACAWALTT 175 AR AR A3 B RS — AN W AT 8 ) o 8 A i 7 A A R 8, AEAS I RE R O
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Figure 9. Changzhi radar composite reflectivity (a) and cross-sectionalong the red line in fig 11 (a) at 01:19 BT on July 31
2012
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Figure 10. Changzhi radar 0.5° elevation radial velocity at 01:19 BT on July 31 2012
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