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1 REEAERE, WE 710014
2 RUFELBHRAATRELALREREURAAREG LA F0, FL 710016
3 WA W) T IEA, M) 727031
RE: 2015-2018 FRRIGERPHIL T 4 KEIPT R E (FIFREIE, FRED N RREINR R, SR
BT 9 FE AT N BT, AR O R BRI TR, ASCRI A ERAS BT EERL (0. 25X0. 25). Hbji
I B Sl AP 22k 2 H R U B SRR, T LR IR P S R AE AN A AR L, TR R SR A
. JrHraE AR BTG SCHh B s ) T SRR AL 5 S R AR . SRAERUE KNS ER,
AR EAE 50 mm LA L A TRl E A RGPERN, SR RAUKIRRIER TS : KRR RS g T i
RN E KN ISR sRE A P OAL T HUE R 800 hPa, #HX T REMHENEAS D OMETEMR, K
(%8 B 2 ZEAE P2 e BRG], RO AR B Re i WHR R AE B R IR EE 26046 : SR BT B B4 .
KB xR EE . AR R B . BIFHIME S E . MU 3222 i v BRI 2 Iz a2
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The Environmental Characteristics and Trigger Mechanism of
Severe Convection under the influence of Subtropical High in
Shaanxi Guanzhong Area
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2 Research and application center of disastrous weather in Key Laboratory of Eco-Environment and Meteorology for the Qinling
Mountains and Loess Plateau, Xi'an 710016

3 Tongchuan Meteorological Bureau of Shaanxi Province, Tongchuan, 727031

Abstract: Using conventional observation data, doppler radar data of Xi’an station, ground
weather station observation data and ERA5 reanalysis data (0.25*0.25), the environmental
conditions and triggering mechanism of four severe convection weathers in Guanzhong area under
the influence of subtropical high from 2015 to 2018 were comparative analyzed. These four cases
resulting in local geological disasters and urban flooding, however, the global model failed to
forecast a short-term rainstorm. Results show that the severe convection in Guanzhong area under
the control of subtropical high often coexists with the hot weather. When severe convection occurs,
low-level atmospheric water vapor content is large, the atmospheric precipitable water can be
more than 50 mm, relative to the systemic rainstorm occurred in the peripheral of the subtropical
high, the water vapor transmission is relatively weak, the strength of the water vapor transmission
determines the total rainfall in the severe convection process. Convergence center is located on the
ground to 800 hPa, compared with the systemic rainstorm, the convergence center position is
lower, and the main role of low-level convergence is to overcome convection suppression, release
unstable energy. Favorable environmental conditions for the occurrence of severe convection
including strong potential unstable layer, low LFC, medium intensity convective available
potential energy and thick warm clouds. The trigger mechanism is mainly cold front and low-level
wind convergence line, when there is a cold front in the upstream, the cooling effect of
precipitation behind the cold front will increase the temperature gradient to enhance the cold front,
cold air in the lower layer invades the atmosphere with high temperature and high humidity
controlled by subtropical high, triggering severe convection occurs; The convection in warm
regions is usually triggered by ground convergence line, convection induced cold pools can form
gust front and trigger new convection. Qinling terrain has a significant impact on the movement
and spread of the severe convection. The convective that triggers in north of Guanzhong area and
move southward can easily cause heavy rain storm because of the rain belt blocked by Qinling.
The new convective occurred along the terrain convergence line in the northern Qinling triggers
new convective development in Guanzhong area, as the potential energy is converted to Kinetic
energy during the descending process, the convection system moves faster and the duration of
heavy precipitation is shorter, it is easier to produce large-scale thunderstorm and gale weather.
Key words: severe convection; gust front; atmosphere instability; trigger mechanism; frontgenesis;
terrain
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Hoop, FrRIE B FE F RERE AL RN, M R R & L R & Lt
G E R IR %, R A L mT LR L, X R Gt m] DL B i T R A 2k (R
BIATAI E3lAR, 2012; 985, 2019). EEEZRSE (2013) BRFifaH, ARMRIRRR S
T, HUHR G2 2P EBON R R S, I AR SR R &4, SRR E e
ILTERR A ZR T o AT 1 T ¥4 TR X IR KR o — AN BB R ARAE, H il S E N 72
P AR fis A DR, X U R P S e i A R R 8 A vy 8 o B A £ (BARBA T 45, 2017

T E & A TR, B ZRR S o NIRRT KA, TR IR K (2010) X
bR AR SRR R AT T A, F B m N R A S AR, RS
(E BT AR R A2 SRR PR AR o B A U (R R 5 AR SR A, R T 5% 1B
BREER. MRS (2017) KB 500 hPa f#5HE L8 IHE th S iR SRS RAR S, SRR
ARTKRRBEGEARE, B ET NRIRED i, 925 hPa TIARL A 45 & 26 I 5. 5h S 3A T
PER, R 70 A . sz ISR R R ZE U SR A 2, AR &K
R (PR, 20105 FRAFREE, 2017). HE A 3R A /K 35 Bl R IR i i, 185
TR P2 A 75 SR I AFRSE « AR HR AR B = AN AR S50 (RN, 2012).
S RAUE R Gt i R B e M B A R, K R SR TR TR S R SR )38
JE, BB K X3 b 23 /KR4 A SRR TR AR s T T X e B RO 2, R /R e A8 o ] O L e
TRHRRGNIE . Bl d AL RBRAE (PhARES, 2017) Wi o 5 P4 /K = A 7E B 7K 20
X, 7T LOE T R ok, IS KRS BRI S R
DRI KI5 #a SO AR LEC B T BRI AR /Nt I (IR e A5 SR S 354 ) T it
Mo MBEKRE (FHRS%, 2019; Yo oHS, 2020, FKifvheE, 2019). XFvGdbhX 754t
TR0 S R I FE R B, ST HH BLAE Bl = 588 dagpm ZRA% NG Y, KA i R
JEEEAFEE P BE A AR AR T o8 oK UR A, M R BERR A 2 fid R R, 7 AR R IS
MR GBI, 2018),

B 6 e B 2 1 X 3P R T R AR S 2R A MKV R & X, s s MR s &, 1
SRAURBEEE, TERI ARG T — 5% B 170 50 ¥ 7 e XK PR TS, R K & /KR A R &
BRABIBRIG, JEAEAGIR . VIR RS EH TSR, MR RAUKIRENE M, HATE
P EZRARYEATRE KA TRATRE CRERMIOEE, 2012; RS, 2017). Wik
SR BEAGE R KR HIE S, AMKREER, LRI EAEE R, WIRK, AREdim £
R HAARRE (BRAMESE, 20205 XIE%E, 2016; #XHRZE, 20200, ElEERE, KAH
B B, AKEMBER AT, XTREMI . AT T RLE] T iR 2 8 ] s
RATTAR PRI Ao BAT T TS 5 b T VA I 17 R I o 7K 1) B B R WL 1) o2 — A S
2018; XGRS, 2017), WEERNATRE X, & MAFE e MR, BRI B RS
% b X R I SR PR VR ELASRAC B “ BT R ARRE 24, 850 hPa IYIARZR Jyii
ST T IR, MR A 2R T IRRHR R SR AR, KA AR IR B VB SR TR
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SR (REREE, 2017; TkAEREE, 2019).

KR DAL T pRva s (B D, dEhELEE, BRI ILIX, =L, B R,
2015-2018 B PO it [X #8178l 15 57 B ISR IR T, AR EUE AR 00 E S i i i
B K TR AE /18059 (1 BARAE, 2010; #AZE, 2016), TR REMERRE I ML
F 20T BN BRA G P R K g o BUAT T A 22X R I R W 1AM 40 AT, SR = 3t itk 2
RAFENE T 72 SRR LA AT, BRI AR SCIE BT AR (R DY PR BB R AU R, 2 T a0 i
KA MBS A KRB, 3 BT R85 S i 5 At 22 e vl i R V8 Bl S R B g s
DA A s 248 TR A 0 s 34 TR AT I A TR 4 it B 22 2B ik 4

/»x/?

[

<EENT T
°© 2 @ = =
58 8 3 3

g8 8 8 8

g8 8

BT BRPGHUE A CBEMKIERARTHIX, 206 = i s R R A e, &N 109° B, EF i
2 it 2 PV D
Fig.1 Topographic map of Shaanxi Province (thick black line represent Guanzhong area and dash line is 109° E, red star is the

sounding station and radar station location of Xi'an, the box shows the drawing range in fig.2)
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2015—2018 PP X H 30 4 YCr s ] SRR . 2015 4E 8 H 2 H (] 2a,
PAURARIEFE 1) e it R v b X I K, EER B 2 H 18—23 i, Bt 49 Wik
I 5EFEsK (1 h BEKERT 20 mm, NED, HAK 1 h B/KEGIZE 65.3 mn, % 3 h &
%80 mm, =iBE 1 h BE/AKEIL 47,3 mm, [FIRFHIL 2 85k 7 0L ERRRS, SRR ITHE
3k 26 m s s 2016 4F 8 H 24 H (& 2b, LU FFRIEFE 2) 5BFE/K R HRAL TIPSt X,
FERKINECA 25 H 01—08 Itf, Rt L 95 sy a it s peK, mifkuh 25 H 05 I LR
K 57 mm, 12 /N PRk B KK R 94 mm, A X B 1 35 7 ZHLA KR (B
sk 18 mes . 2017 4E7 A 27 H (E 2¢, LLFFREAE 3) K isf Bl T 8 2K A
I SRR RS, FERKN BN 27 H 14—23 i, B4t 41 s 58K, SOk /N R R
Sy 18 BF g L3k 35. 3 mm,  [EIES I T 7 S ERBAR, B R KA ER A 22 m e s 2018 4F
7H 26 H (K 2d, LLRFRGEFE 4) S ZR S X HH IR Bl E 2 K AR I B P K R A,
B K F R B 26 H 14—18 B, BT 39 3l LR 5 BE /K , S K RN 58 97 Fe A4 16 B 47 mm,
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12 h FKFF/KE T HE 60. 6 mm, S ILHIL 18 Wik 8 LA KRS, #H%=HF
BT 5 B 14 35 IR XUE 29 m» s

XFHRT VR, DGR S s X 2 0 7 R I iR Ak, A 1 R AR 2 Bk
SRR, RUFFKER, SRR L T BV B B RS, W 3 MR 4 RTRE
KB, TR SRR KA EE B KRR S .

(a) (b)

e 20-30mm
m  30-50mm
A 50-80mm

T T T T T 3 T T T T T
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33 T T T T T 33 T T T T T
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P2 DUIRBERITAL R ASEN AR 12 h Bk, HIEE 25750 mm, BRIEE 507100 mn, AERZRNIFEKE20 m, K
FIAR I 7 G LA R R £, A+ P 2R R T AL D) (a. 2015 4F 8 J3 2 H 08—20 ;b. 2016 4F 8 H 24 H 20
P42 25 H 08 ;e 2017 457 A 27 H 08—20 A ;d. 2018 ££ 7 A 26 H 08—20 )

Fig.2 Observation of four convection cases (shaded is 12 h cumulative rainfall, light blue for 25-50 mm and dark blue for 50-100
mm; spot represent 1h rainfall greater the 20 mm ,wind bar is stand for the station wind speed greater than 7 scale, red cross is the
location of Xi'an Jinghe sounding station) (a.from 08 to 20 on 02 August 2015; b.from 20 on 25 August 2016 to 08 on 25 August 2016;

c.from 08 to 20 on 27 July 2017; d.from 08 to 20 on 26 July 2018

2 KRIEAREAT 0t
2.1 FRER

2015 4E 8 H 2 H 08 I RS E (B 3a), ARAGHMXA —¥iR, PRI R & R (UL
NEFREIED R, EAPIROE, EHIIRE 35° N LIRS R HIX, 700 hPa % 850 hPa
EHRFEAAE )AL, 14 B 500 hPa b (WS Bedirhmg s @l mizil, s
B IAF] 590 dagpm, 850 hPa FYEH N AR B CHPUH A VIBL AR, Hill FoCHHhIX
A EH], BlmmiEm 2 TP iR e, RP AR 37°CT39°C, RN 22°C
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T24°C, RAARGERER, Ko PaIbiAIA R TE R AR G4, i BMCE 4R
AL A S PGB R RO, B S R A 2 AR M R B, il e R AR B R R R R
DR A T RN RN RS

2016 4F 8 A 24 H 20 KRS L (B 3b), Elmsm 2 ARTEHR, #hlE g f E K
Bl KB/ HUX, 588 Zibif B HIX, ARILHI NS A RILTG R M A4S, 700 hPa jif &
IRESMER R, WAt X A7 AR AR AL PE R e V) A8 2k 850 hPa U )1 BIBR PG Ay 24728 CHE A
W52 B B X 2R 2 4, KUEIA S 8710 m« s, VW EM XA BEAFRME, T%
3 08 I 6 me s PR A 20 IS AE Y 12 me s ' PEALJRG, BT B AL A B A 2 < A
SR BT M X, Dt XA e JRURI R b XU B D) AR 2% o i T ] 20 B AT o L,
KPARMAIA 32CT34C, FEEATBANEREEWEI G, AT E RN
FEA BRI R S

2017 4F 7 7 27 F 08 BRI E (B 3¢), Film RGP Fg % s DARd « KUT A R
KER X, BHLAT 30° N, P SIE 100° B, By pdpi X AT @l mdadl . B
PG RS A L TE R [ A T B B 514, 700 hPa Bl EH EfEAE AL 1 I3k, a5
AR A RN AT 3 76 g R K RGBS ATIE 14 moe s7's R RAHIKIREE & ARSI £ 2L
TReACHX, Az X I R R R, BlEfE 27 H 20 BRI, SSrtiX hE] s
PEH, VR TwoswiBH] 26°C, KAAMFEEE R, 850 hPa RHMIXAFERIGMTIARL, 14
I OGRS 36°CT38°C, WAL T H N R BB, BEE WM N, il AR E RE
BRI i R H b X BRI R S

2018 42 7 H 26 H 08 B KA (] 3d) L, il 34k 2 ARG R a1 30 E AR X,
ok 6 7 i S X 52 @ v s ), e B 2R AL T R 1) 47 7R R AE . 700 hPa @l 478 m e s
PE R, 850 hPa PRFAECHH 476 me s ZRFR, [AIBRVEHL X ik K IK R RE &= . 184
Tsso a0l B 27°C, KA EAREE H. 26 H 14 W E_E (RIS, 56 b XK B,
AIRILE T 37°CT38°C, R AURELE 22°CT24°C, RERE S, WELAMLT, KLU
AN ZR AL R R B R AE2F i il R AT

L BL AT R DUURCOR AU R, v s A ) e 7 (o e S X, O X (1
IR AE 35-39°C, RIS il R A R UK AT RS 5L, 850 hPa Bkl rh B & IR
e, AR bE . W 2 AR 3 xR R R, ElE s DR X, AR 1A
4, XPRAETTR S S, 25 500 hPa A VRN A3, AlEIEAARIB. WA TR
G, FE 2 3 AR, 850 hPa B BAEEIX, HuIEIAT ¥ EE, G HE X )X 3 2
AER, AR L4 W AR ES, KR X ORI, T 0 R AR A R XA
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100°E 110°E 120°E 100°E

A3 TR REE T REEHE CRESMLEH 500 hPa A3 @, LML) 850 hPa R4k, KFFFHN 850 hPa X\
) (a. 201548 H 2 H 08 I} ;b. 2016 4£ 8 H 24 H 20 i ;c. 2017 47 A 27 H 08 I} ;d. 2018 4 7 H 26 H 08 i)

Fig.3 weather situations of four convection cases (black solid line is 500 hPa geopotential height,red spot line is 850 hPa
temperature and wind bar is 850 hPa wind.) (a.at 08 on 02 August 2015; b.at 20 on 24 August 2016; c.at 08 on 27 July 2017; d.at 08 on
26 July 2018)

2.2 KRFH

DA IR PR K908 B S L BRE 0 B 3 Hr DU IR AR vh /K RURFAE - 2015 4E 8 H 2
H 18: 00 (& 4a), N XITHLIESE] 750 hPa HLIBAF] 14-16 g« kg', 700 hPa Highy
10 gekg ', FRXARZLE0RE &AL, RAATFEKEIEE] 50755 mm, KIK7sil. KiKE
EAE 850 hPa F| 600 hPa Z[&], A 74HKIKIKIEE, HORAIFE 700 hPa ML, {H4 8710
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ges scm’, CHLTHZH] 850 hPa LA -5X10" g+ s ' *hPa '« cm’ MI/KIKIES, FNEK
W RUR I, 3% 850 hPa §)A8 b IR & it KIS AR G0t A48 e IR
i, AR AFEE BE R 7 AR I B K

2016 4 8 A 25 H 03 B (&l 4b), KX ir il Z 2] 850 hPa Jy iR mifH X, &E]T
16718 g » kg, 700 hPa LLiE A 12 g « kg ', BJZ/KIKHE KR, KABE/KERIL 55760 mm,
850 %] 700 hPa 4 P4 #g KUK I<HI%, {HTE 8710 gos'*cm’, BHHKEARMMIE, E%Fdt
FH X T 04 B MR B R KPR &, S O BT B3 750 hPa, sKVTE B HUE K
54 20 ges '*hPa 'scm’,

201747 A 27 H 18 it (& 4c), 850 hPa LA FELIELE 16718 g = kg ', 700 hPa LLifE
N 10 g kg's AKEREEREK, KABEKRESE S5 mm At . PARE KRR HIET, (€
JESZPEACEE A B AR R R BRI, A A% AR 7 IXAE 6 Pt X, 8 56 b AL S 1 2 T 7
g Rty, FOMEN 20 ges '*hPa'eem”

2018 4£ 7 A 26 H 14 1 (|8 4d), #/ZF) 850 HLiik 16 g « kg ' 247, 700 hPa LLi
N10 g kg, KAATBEAKE 50755 mm A4, UCHLEEA i R RUKIREE, )24 WEg X
AKIEHE, SRH X KB R A O B EA T, R A R

U Y A 5 i X 456 /KR S48 i, 850 hPa LA EIB AT UL 16 g *kg " LA L,
700 hPa LLIBAE 10712 g/kg Z[8], KT BE/KERLE 50 mm P b, 338 2 HH 25 3] T 60 mms
KEEIERE, R 1. 2 KVRENER G, e 1. 2 SWREIABIFRN P EE R, I
3v 4 FERFRTRREK, BNIRA, (HRH LTRSS X R N R R, KR SE
AERHRES, 3 R T s ) T A2 AU 7 R KRG B INE T . WKIR ISR &R E
SRR A O TEHL T 2] 800 hPa, T M FWEMNIGRE GG, M F4EHOTE
8507700 hPa (1] X I MR MK UL, HREHOLAEEMR, XMEZ IS TR RG], Bk
AaEReRE, BRI R .

(a) (b)
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Bl4 4 KRB (as d J9i 109° B KIGITE, by o A 108° E RUHIE: SELAHIE, B0 gke s

REAKRB R, A gos'eem’s HEJPKFBERAUE, O ges +hPa sem’s KEJIHAMAE) (a. 201548 H 2 H 18

if;b. 2016 4 8 H 25 H 03 i ;c. 20174E 7 A 27 H 18 iF;d. 2018 4E 7 A 26 H 14 i, TR ERAS BORHIME, TR

Fig.4 The water vapor vertical distribution of four convection cases (a,d along 109E and b,c along 109E; The
isoclines represent specific humidity, unit: g. kg-1;the vectors represent water vapor flux, unit: g. s-1. cm-2;the colors represent dispersion
of water vapor flux, unit: g. s*. hPa. cm?; the gray shadows represent terrain.) (a.at 18 on 02 August 2015; b.at 03 on 25 August 2016;

c.at 18 on 27 July 2017; d.at 14 on 26 July 2018; The vertical profiles is made with ERA5 data, below as the same)

2.3 AAEH

T TATE T8 SR AT RO A R I 0 B A, TR TN DU O AR I B ANER R S A AT
AT, 2015428 H 2 H 14 B (Bl 5a), RPN “ ML FE” MXRAREX, T
HuTH F 850 hPa AMEAHSALIE KX, I& 3527356 K, JRE T ZE NTMIBR Fi, REE

AlEERIZ T, KA P RS A A s e, 1M7E 5007600 hPa A IGE AR AL
HiE 336 K, XAERPEH T2, PRZ MBS AR 2L 12716 K, 38 T RS
EEE A BRI AATGE, NI AR UL TG R IR

2016 4= 8 F 25 H 02 i (& 5b), ABAH AL I H 1 X B 1 B ek, ARE A0 348 K
f7F 600 hPa, fi%/Z 850 hpa Ay 3527356 K, fE@ImE#%H F, BEEXRSIRANER T ETA.
THRIRIIALAATE Z 4. HAMGPAEEEIBAL (35° 737° N) HUIRZ A ¥ 8l kB BT
i AREA RN ER m IR A E X, BTHRR, AR TR R AR E. &
A SMAGRA G, TR X, FEARAR AR B SR 2R AT AR, L 5
oo ETHE AR TR R A AR .

2017 4F 7 F 27 H 18 I (| 5e), K B AR SR A A7 “ FARTR &7 B
ARG, R OALT 550 hPa, fHA 344 K, mfE A7 T-Hudi 3] 850 hPa, {H N 360 K,
R RRMBAR S AR ZE IS 12 K, RIEMIA AT E, [F b 800 hPa LLNA H
BAFR, FUOMEE-50X 10 'kes ', W MHA S SURN, TERRI S REX, AR AL 2R
FE, BERENEER R AR .
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2018 4 7 F1 26 H 14 i} (J& 5d), 500 hPa fEAH A0l 344 K, ITHii3] 850 hPa Ky
360 K, ZE{HILF] 16 K, KAAREE R, WATRE, ERGILEEHERNA TR, #F
TR R AT E B R TR R

PAEAr iR, PGS R A4 B AL 35 E A5 ANFR €, T A SRR R AR I e &%
e, RN EARZEE B R 0T, BRI T IR R .

500 O *
-336°

B 5 TOUGE FR A AR (measegk, s KO, BT Ofife, S 107k« s, REARIEBML) 1)E B
T Cav d 9% 109° E (500, by c J9¥% 108° E [ ; a. 201548 4 2 H 14 B ;b. 2016 458 /3 25 H 02 B ;c. 2017 4 7
H 27 H18K;d. 201847 H 26 H 14 B})

Fig.5 Vertical profiles of pseudo-equivalent potential temperature (black solid line, unit: K) and temperature advection
(colors, unit: x10-°K s, the gray shadows represent terrain) (a.at 14 on 02 August 2015; b.at 02 on 25 August 2016; c.at 18 on 27 July
2017; d.at 14 on 26 July 2018; a,d along 109<E and b,c along 108 E.)

2.4 =S
2015 4F 8 H 2 H 14 WG uf R ==& (& 6a), 850 hPa 5 500 hPa FJifi 21k

BT 29°C, K$8H34°C, ST F%-1.77°C, KRAMAIIAFAEESE, CAPE HZEFE T 2119 J
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kg ', AR REESR. I HLTH F 800 hPa XV E A, IR, MMIXHEER, WAZEHE,
M 500 hPa LA T2, SR 500 hPa 585 1 T25S, 14 B 76 ek b T 5 R ik 2
38°C, i 850 hPa fJIRIEH 23°C, WMEEF|T 15C, ([RERKEEBLARE, SRS
L

2016 4 8 H 24 [ 20 WG 2 ul R & (& 6b) 23 _EF FRKESRHE, 850
L5 500hPa [ %M 25°C, K #6840 40°C, SI 840 1.4°C, CAPE fEiAH| T 1292 Jekg', Afd
ERCETE. MAEXHEES, 700 hPa F) 500 hPa AMAIX, ITHufF) 800 hPa ZEXHE K,
BEE, BZREAMY, HBRHREEN 707 hPa. MXHR&MEOT, BIEEE &L,
BB AR, AR TRMBEKII R, STHK, & EHKMHETE IR i

AR 3. 4 R EERAELET FRIG, FRIRTAEREAN R, FUF A ERAS Bkl
HAEXHR R A AT 2 /NP8 2 A B R B . 2017 4 7 H 27 H 16 B PG 22
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