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Abstract

Based on hourly merged precipitation grid dataset from the national automatic weather stations
and CMORPH (Climate Precipitation Center Morphing) product and NCEP Final Operational Global
Analysis (NCEP-FNL), the primary synoptic conditions and dynamic genesis of heavy rainfall hap-
pening in northern Henan and south of Hebei province during 18-21 July 2016 was analyzed with
weather dynamic diagnosis methods. The results showed that heavy rainfall occurred under the
favorable weather patterns of high pressure to the east and low pressure to the east. Upper-level
jet stream strengthened at 200 hPa, in right side entrance region of which stronger divergence
appeared. Southwest vortex at 700 hPa strengthened and moved eastward in the lower level,
leading to the convergent motion in its northeast side. Along with the divergence in higher level
and convergence in lower level, an obvious secondary circulation occurred over Henan and Hebei
province. Rainstorm area was under the ascending motion side, which was abnormally enhanced
because of the interaction between the upper level jet stream and low level vortex. The vertical
motion caused by the interaction between them had an important dynamic force effect on the
generation and development of the heavy rainfall. Precipitation intensity was enhanced, following
the development of the upper-level jet stream and low level vortex. Atmospheric structure of con-
vective instability existed over the northern area of Henan province when the heavy rainfall hap-
pened. And moisture coming from Bay of Bengal, South China Sea and East China Sea gathered
here. All of these were favorable for the generation of the heavy rainfall.

Keywords

Upper Level Jet Stream, Low Level Vortex, Secondary Circulation, Precipitation

B AR RAES R FR— RS

w &, £ &, R #
DR E B TR, DU R

NEGI M BRE, £, A EE QU LRSI R R I — KB TED]. AR SRR, 2018, 7(4):
213-223. DOI: 10.12677/ccrl.2018.74024


http://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2018.74024
https://doi.org/10.12677/ccrl.2018.74024
http://www.hanspub.org

RGAIESE SR T N /B L i S |
Email: chenleihr@163.com

Weks HiH: 20184F6H25H; A HEM: 20184F7HA5H; KA HM: 20184F7H12H

m =

SCESR A E B 335 CMORPH 7K 7 i Bl A TR I [ 7K B P 504 B8 X NCEP-FNLE 2 Bk, 12
ARSI AFLHTTEXT 2016487 A 18~21 H R AEAEBRAL S AL 3 —i B EBERIBHE MBI 715
RHEAT T 4. SRRY, BRNRAERE “FREK” WEFFRREST. 200 hPaRmEI3RRBHER,
T%‘?%‘EEJ\IIIEE@JEHIA&@%?& 22700 hPaA R IRIR AR BIINERE, ERIARILMNKESE
3. FEZMREREE, RERGKNES), —XHERRIGIRHIEMERIE—F. 2NXELERE
R EFZ—M, B[R TREZSR MR ERAE L ERR R, XM —F 2 A EEA
TR EIR SN RN AR AR RES T EERSI5maEM. MoKEENEE &= AR ERR
FIREEERTIE R, BWRERN, BIBWX EEFENRARENRESEEN, RGNS, MgfR
BRI AR, XEIMABRWHRAERME T AR R

KA
BT, REER, KEFR, Bk

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

AR EE RN EEA R E], ReEmtyr, RAMERE, S A4 =m0 Rk
j(EI’JUZHjJ bEﬁﬁ/)ﬂix%$¢ﬁfiwgéﬁﬁﬁ$ﬁﬁ1’ﬁﬁE’J-? Wil o K ROBEFRAL N 5 R 1R R R 1 AR B AR AT R 1)
BRI, (HAREELIRBEW[2]. Fi/RAT —IC3IMBF AR, REMEMTEILASR SRR &R
FEAAE PR VR A ﬁ*ﬁﬁf@ﬁﬁﬁ%%]iﬁﬂk TERWIE RO FE R, 25 S x5 WY [ 2 1T DA 21 8 2
PIENJIVE 4] EERUESE[S )5 B il — IR B MO AR AR, VAT 7 T v R AL & 2 o R S N [
X EAzEax, ﬁﬂ??ﬁﬂ‘iﬁﬁﬁﬁxmﬁ‘ﬂiﬁﬁﬂZ’ﬁﬁo Chen [6][RF LR, WRLE T 2MAH
X3 2 B AR R B2k, IS TE @ 2B B 1 X BUR SR AT B . T KGR AE K7 ) L
SIS, AR 2 DX B A R e 22, (A3 iRl O DR A e AR L g s,
M= A G N UTIE 3N 7). A St X AR S AR BT O 5 A R IR RN 2 W PR T UK F A B 2 1) 5
Mi[4] [8]. RN, w2 2yt JiE R A FE vl PAKY R JZ AR FIE R FE e B — e FIYE A, 20 Hassan

L9 I — IR AMEIR S T i A S AE g T R SR AR B R . RRIESR AR 10K, B UiE
Mg AR SR R T, e T A AT SR R AR B TR B v T 25
HRBE XTI R G0 2 W I B IE 3 , B /K XML 2 o W AR R D) AR 2R, o R SR & 28,
o ROBEAR A A ROFEAGIR A5 (2] P R IR CE T IR W b RUBE R Gk G A B L A7, 307 R i T
I8 B R R R AR . SEANE R S, MR T SR 11]. FURIRIRE R R R E IR 256 &

DOI: 10.12677/ccrl.2018.74024 214 AAEAR I R


https://doi.org/10.12677/ccrl.2018.74024
http://creativecommons.org/licenses/by/4.0/

FIZ 5 LKV AR A ISR 12]. 2478 re el B8 7R U 22 51 & ) At X () 2 Wi [13] [14] [15] [16], #
HH YR A BB 25 H R 5 X B OK Y R B K 1] [17] [18] [19] [20] 6

2016 4F 7 H 18~21 H, —37FrREWREM B HIX, B O T 2N T I EFH 2
maEHh, SR BEWEA PTIRA, SREER, XY, MUE ISR A A IR R 2 W R
FOEEARN, BIRESNGEEEEFNRE, XERGEZNREAEELMEER, XEER U kR
N AT R A AT ARE IR, XA ST T EE N .

2. FRFIFE

Bk Gk T E E 3R 205 5 CMORPH @A 1R FEK & 0.1° % 0.1° AR B 4 .

KAHMBRL: % H NCEP-FNL (National Center for Environmental Prediction, Final Operational Global
Analysis)ZER 1" x " ook, HBE2 2N 6 he ARERGBIEMHAFEEY), R, KT7R
%I EIE S SO BT R T Dt S

R EEAEH 7RSI e W T KRR UK R s R A N

0=-L["v-qdp (1)
gl’s

X, ¢ RENIEE, p RRKSZWSE, p fHIHSE, V &KFEhiEE, ¢ 2. BTFRK
JZ 300 hPa LL_E/KITH LR, i AZE 0 #THh p, 2674 300 hPa.
PrAgb M KRGS ER O, . 0, AX[21] [22]4:

0, =~ ["u-qdp )
g Ps

0, =~ ["v-qdp 3)
g Ds

K R A
_v.0-% 99
=V Q=T @)
3. RO

3.1. BALRMRFRFEE MR L

FEWAEADRES, XERE 200 hPa 7 & O GG 24 T F e i B (& 1), HAuA B8 1)
PiRSIRAFELE . T E K B AERA SR, Hh— M TR EF S, 55— MAL T HdE R
b b7 MEKEEE I, SUZEEH R AR5 .

MAEXT L Z H1)Z 500 hPa FRRLEe [l FEAR R (1] 2). Brad vh Jb 3 sils — iy 4E s — MR E KRS . Brad
2 UK CAVE A S R 4ERE, B AT IR R R INIR (K 2(b)). UER, BRAbHX A FAERTIALE, XA
WA R T A 2 SR B X ik . BB 4R, 19 0 12 BHE B IL &AL B2 s D) B &
(B 2(c))s & 20 H 00 i, KK RGeSk EIgom(14] 2(d)). BEAIREF, PO FEE G R ih e e
bFl, SHFEMCE RGAH B0, e “ARETEIC IIRRER . Blm AR 0 R <R S5 5
FAE SR A, AR TR KA.

345 T 700 hPa SRRIE A B IR =B A K 18 H 12 BF(1& 3(a)), FE/KITE X 3 EAEFENY
JV G SR Bt e 3, RSN . FEDU I PEEE O T m IR AE i, SRR, HRdbE s — A=

DOI: 10.12677/ccrl.2018.74024 215 SR TR


https://doi.org/10.12677/ccrl.2018.74024

MR 2

70N

60N |
N
50N
Ay x‘l
40N — R ’

30N — v

20N -

Fe e e (——Q—ekr'er ----- R
< / iR B

10N T T T T T T — T T 1
50E 60E 70E 80E 90E 100E 110E 120E 130E 140E 150E 160E

1

S50E 60E 70E 80E 90E 100E 110E 120E 130E 140E 150E 160E 50E 60E 70E 80E 90E 100E 110E 120E 130E 140E 150E 160E

(c) (d)

Figure 1. Composite geopotential height field (contours, units: gpm) and wind field (vectors, units: m/s) at 200 hPa ((a)
1200UTC 18 Jul; (b) 0000UTC 19 Jul; (c) 1200UTC 19 Jul; (d) 0000UTC 20 Jul 2016; The shaded area denotes wind speed
over 30 m/s)
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Figure 2. Composite geopotential height field (contours, units: gpm) and wind field (vectors, units: m/s) at 500 hPa ((a) 1200
UTC 18 Jul; (b) 0000 UTC 19 Jul; (c) 1200 UTC 19 Jul; (d) 0000 UTC 20 Jul 2016)
2. 500 hPa (B EEIA(FEL, BAL: gpm), NIAGETK, BAL: m/s) () 201657 A 18 H 12 BF; (b) 2016 & 7
B 19H00 BF; (c)2016 57 B 19 H 12 BF; (d) 2016 £ 7 B 20 H 00 A&)
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Figure 3. Composite geopotential height field (contours, units: gpm), wind field (vectors, units: m/s) at 700 hPa and precipi-
tation (shadings, units: mm) for 1 h ending at ((a) 1200 UTC 18 Jul; (b) 0000 UTC 19 Jul; (c) 1200 UTC 19 Jul; (d) 0000
UTC 20 Jul 2016)

[ 3. 700 hPa (L35S E A (FELE, BAL: gpm), RUAETR, BAL: m/s) R EF—/NESREKGERE, BA: mm) ((a) 2016
F£7818H 128F; (b)20164 7 B 19 H 00 Ef; (c)2016 £ 7 A 19 B 12 BF; (d) 2016 ££ 7 B 20 H 00 EY)
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Figure 4. Composite wind field (contours, units: m/s) and divergence (shadings, units: 10 s™') at 200 hPa ((a) 1200 UTC
18 Jul; (b) 0000 UTC 19 Jul; (c) 1200 UTC 19 Jul; (d) 0000 UTC 20 Jul 2016)
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Figure 5. Composite flow field and divergence (shadings, units: 107 s™") at 700 hPa ((a) 1200 UTC 18 Jul; (b) 0000 UTC 19
Jul; (¢) 1200 UTC 19 Jul; (d) 0000 UTC 20 Jul 2016)

5.700 hPa 537, BUEIAGEE, BA: 10°s ") ((2)2016 £ 7 B 18 H 12 Bt; (b) 2016 £ 7 B 19 H 00 Bt; (c) 2016
F£7H8 19 H 128 (d)2016 £ 7 B 20 H 00 &)

4. GERFniTie

FIFH NCEP-FNL 437 %2 kL & Hh (5 H 23t 5 CMORPH /K7 il 132 i B K Rk, il R<3h
JIEETTEXS 2016 4 7 J1 18~20 HAEAETRAL SR AL B 8 — 7 (2% 79 £ RSB B M) g K BEAT 1 70 #r
ZWr, BRI 45

1) AR R, SR SR, P O AR E R T e SR A 7 KRR R R A
WA, Hb— LT REF SIS, 55— MLT eI AR EE . SRZEE R A B 8. X
TR R BB AWT R IR, A5 7% 2 B R P DIWr T s VW R T, 4R e 2R X B2
TN AR PH AT A B Aty i I A, MR AR Ta iR MBS, AR T RW A RAMLgERr. (02
700 hPa, PRI AE i SR M A R, 57— MR A H R AL BT . M L R AL AE — MR
RAE RS, HFBHME I MR 280 B BRI AR, Rk o 5 B fE 25 b
AR AL -

2) HBALHIX L5 200 hPa, % SURGREEAKIALHE, SR D XX MAR BUS Zh b AN BT 55 . — 32
Fa AL B RGOS B AR R AL B, T X AE R BT ST . 700 hPa, RS AE [F) 427 [ #2 5)
AT, HIERE SIS MBI R AT, SRR R, RS 2 QR X AR R 58 R
EEIZ S AR A, HE5R TR LT SO IR . IR By aRaa 1 G R AL R W R
K I o

3) HWAET, BAGBXIGALERF BRI 2 TR, R B d NS . B4 KV AL 258

DOI: 10.12677/ccrl.2018.74024 219 AAEAR I R


https://doi.org/10.12677/ccrl.2018.74024

MR 2

15 15
— —_—
100 100
180 —F «—<«<€<<—<—« ¢+ v » » 3> > > > > > < <« € 1) Fe€¢—<—<—$—<«— « v 5> 5> > > 5> 5> 5> > > 4 o«
200 1 ¢ « «&—F— N 1 D> > > > >—D>—> > ¢ « <« 200 << r =2 > 5> 5> S>> > > 2 ¢ «
250 1 v v w TR > 2 > 6 > > 250 —F € « € « N P 22D 5 5> > > ¢ —
300 7 + ¢« 4 v NN > T s > e s> DN < 300 —F € « « » N7 5 —ZF> > > >35> . —<—
‘«-,4-*3,7.:‘")._/Av4—<—<— ~<-<.\1-,//>.~,—>->,—5——>.4k4—<_
400 |4 > - ¢ N R N S 400 = < < = .qu//v.x——r—,,—-)_'—)x " e
> s v > a)-—yx-,;a:e,_)h - «— -« P T T ] T 2N P > S>> R e —
50O —k ¢ 1 2 4 s >N > m om e & N7 e e o« 500_‘,A+,v;‘/7//4-\—>‘,—.;»'x4-<—
N S U e « £ N ] e e « e Vs s~ T T w o~ s NN v e e—
700 o+ s mm s> AN T |y e e v e v e e 700 =} 5 = N~ s Trgs s > 1 3 N A 4 e e
bﬁﬂﬂ‘)é]ﬁ&\)\h(%[f‘([( P = —m—~>—> 2_™ BN T R R
850 _>—>—>N\#—> Fl P~ | = 850 _->—>—>w\_>,’7/ 4 4 e
1000 — 1000 —
20N 20N 40N RON AON 70N 20N 20N 40N RON AONI 70N
(a) (b
15 15
— —_
100 100
150__<_<_&<_._¢\1/>—>——>- [ S O 150——4—(—(——4—«. > > > v A 4 r > > x4 e e
200 —F « « € = N A== A — — > o> > > < « 200 F «— e« s =24 — <« 5> > > 3 > ¢ « «

250_.‘A.-,1,>//7-——>4_(——4—’v-_>_>.14—<— 250—-<—<—<-.;f—->—g,—->1(-4\,——>—.‘-4—«—<—<—

300 — ¢ » .sf»—ﬂ/—ﬁ—\ﬁ-/e-.ﬁa‘ < = — 300 — .««»/ﬁﬂ/’/s T N e — —
44.‘/>_J/2_VL/L/»/7__>_A‘p<_<—- «<.-._x/_,wt‘_/7»w—><4—<.4——<_<_
400 1 > 4 v 2w I—TZ Ty m e > A R e e — 400 4 » > - _.\)‘/-v;\ KV‘ 3 > N e e — —
R e 2 B A e e T +—>0—?\}—g\\r/0l—r-9l<—‘—1-'—6—
500 —b » » s =~ 7 P T R B 1o e S N T S T SR e
‘a—hﬂ-‘r/“j L Y R i .;—»-»N——,J>p\v~4z»gey‘<-o—
700 4 2 > m~— 1/ sk A s o s e | T00 s m e~~~ S e a e A e e e
N ~NNM A s s [ R e« »—;ﬁ\a,—}q'\—fh\«;d>L44»ee-v-
850 —-y—b—b—q\)——)'A PO N 850 _~>~>—>\\—>—]-‘ P TR SR
1000 1000 —
20N 30N 40N 50N 60N 70N 20N 30N 40N 50N 60N 70N
(©) (€]

Figure 6. Vertical cross section of vector wind (vectors, combination of @x10 and v, units: 107> hPa-s™") along 113°E ((a)
1200 UTC 18 Jul; (b) 0000 UTC 19 Jul; (c) 1200 UTC 19 Jul; (d) 0000UTC 20 Jul 2016; The shaded area denotes topogra-
phy)

& 6. 35 113°E RBX(ETIR, ox105vE&ER, B4I: 107° hPas YHMEESIEE((2) 2016 &£ 7 B 18 H 12 Bt; (b) 2016
F7H19B00 Bf; (c)2016 F 7 B 19 B 1285 (d)2016 & 7 A 20 B 00 fY; E&ERAZKRMA)

FIRAS, XL RN KA LS T AR AT
i AR A, A SO R AR I A i 2 S LA 5 TR IR B K AT 12 W, R AR 2 B
IKEIRGEREATAE M7, L 700 hPa MRFRIIEAEH . PI MRS AT B &R =& & IF i B B L2 7%

DOI: 10.12677/ccrl.2018.74024 220 AAEAR I R


https://doi.org/10.12677/ccrl.2018.74024

[

100

200 ——
250 —
300 —
400 —

500 —

850
1000
100F 105F 110F 115F 120F 125F 130F 100E 105E 110E 115E 120E 125E 130E

100

100

700 700
850 850
1000 1000
100F 105F 110F 115F 120F 125F 130F 100E 105E 110E 115E 120E 125E 130E
© (d

Figure 7. Vertical cross section of potential pseudo-equivalent temperature (blue contours, units: K) and relative humidity
(red contours, units: %) along 113°E ((a) 1200 UTC 18 Jul; (b) 0000 UTC 19 Jul; (¢) 1200 UTC 19 Jul; (d) 0000 UTC 20 Jul
2016; The shaded area denotes topography)
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Figure 8. Vertically integrated water vapor flux (shadings, vectors,
units: kgrm s 7!y at 1200 UTC 19 Jul 2016

8.2016 7 H 19 H R AREERKBECHE KEFTk,
B kgm s

DOI: 10.12677/ccrl.2018.74024 221 AR AT SRR


https://doi.org/10.12677/ccrl.2018.74024

45N

40N

35N

30N

pa? A

25N - e — : !
100E 105E 110E 115E 120E 125E 130E
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