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Abstract The analysis of circulation background and trigger mechanism of an extreme precipitation weather
process in Jilin area on July 13-14, 2017 was conducted by using the ERA-Interim reanalysis data , conventional
meteorological observation data, CMORPH fusion precipitation data and high-resolution numerical simulation
results of WRF. The results are as follows. (1) The northward movement of the subtropical high and the cold
vortex over Northeast China and mid-latitude front zone are the large-scale circulation background of precipitation.
Precipitation occurs in the straight zonal circulation between the bottom of the cold vortex and the subtropical high.
Clod trough, low-level shear line, upper-level jet stream and low-level jet stream are important weather systems
affecting precipitation. (2) Under the background of high-level divergence and low-level convergence, extreme
water vapor transport and the blocking and forced uplift of the low west and east high terrain in Jilin area are one
of the factors that cause extreme precipitation. (3) Dry and cold air intruded into the middle and upper levels, and
the high-level momentum transmitted to the low altitude, which strengthened the low-level jet and generating an
ultra-low-level jet near surface, resulting in the enhancement of the vertical ascent movement. The intersection of
north-south meridional momentum transport strengthens low-level wind convergence shear, and the development

of convection on the shear line and the uplift of nearby small terrain led to extreme precipitation in Yongji County.
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Fig. 1 24-h accumulative precipitation from 00: 00 UTC 13 to 00: 00 UTC 14 July 2017
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Fig. 2 The distribution of geopotential height (black line, unit: gpm), temperature (red dashed lines,
unit: “C), wind vectors (uits: m-s™) at 500 hPa and high-level jet (shaded) at 200 hPa at (a) 06:
00 UTC,; (b) 12: 00 UTC,; the distribution of geopotential height (black line, unit: gpm), wind
vectors (uits: m-s™) and low-level jet (shaded) at 850 hPa at (c) 06: 00 UTC; (d) 12: 00 UTC 13

July 2017
3. 2 KIRENIENE B RAES BT

3.2.1 AKiRHmix

FOAE IRV AT TN A o T 8 8 WO T U 0 B 5% A o 0 BT A U 22 R J4H ] 114
KRB E I, 7 A 13 H 06:00 UTC, 1iKJZ 929 hPa (B 3a) /KK M Findr
V5 22 P I VU R RS T LU AR By - i i — i ) AR A B X ik . 55 925 hPa X
b, 700 hPa (Il 3b) ZKIRHIATRIERSS, B T dainho i vh pg i i /K iR maE 41,
A — 5% I 2 WV T8 A A ) 35 PR AR s v B AR IR /KRBT, X7 SRR AE
HARE I A TR ZKEERS (K 30) FiR, PUREAERIKR
TR I RO T AL R4S, TG P S AU (R KV I IR B AR AR 1 32 KRR
VTR = Nl A D) I = i | =3 PR Al W s N i 'ab | IV ey 7 S L S
FRER b T W IR KIREE A X, R RS 7B R KIS & A

90°E 105°E 120°E 135°E 90°E 106°E 120°E 135°E

2 6 10 14 200 500 800 1100
32017 4 7 H 13 H 06:00 UTC (a) 925 hPa /KiKifH:; (b) 700 hPa /K@ & (HLfL:
g-cm*-hPa-s) ; (o) KABE/KKERE (AL kg-m'-s™)

Fig. 3 Water vapor fluxes at (a) 925hPa; (b) 700 hPa (unit: g-cm™-hPa-s™ ); (c) the whole layer

(unit: kg-m™.s™)at 06: 00 UTC 13 July 2017
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Fig. 4 The distribution of 850 hPa specific humidity (line, units: g-kg™) and vapor flux
divergence (shaded, units: g-cm?-hPa-s™) at (a) 00: 00 UTC; (b) 12: 00 UTC; zonal-vertical
cross sections of specific humidity (line, units: g-kg™ ) and vapor flux divergences (shaded, units:

g-cm?-hPa-s™) along 43.5°N at (c) 00: 00 UTC; (d) 12: 00 UTC, the black shading denotes

terrain, similarly hereinafter
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Fig. 7 The vertical cross sections of win Pa-s™ along 43.5°N at (a) 06: 00 UTC, (b) 12:00 UTC,
(c) 18:00 UTC 13 July 2017. The vertical cross sections of divergence (shaded, unit: 10° s™) and
vorticity (contours, unit: 10° s™) along 43.5°N at (d) 06:00 UTC , (e) 12:00 UTC, (f) 18:00 UTC

13 July 2017

4 P REFERNK (WRF) REETH RIIE
A SCE AL FEA M X B 2R TR0 15 M T 0 S N 1 36 BT L
ORI 2 BRAR, Dyt — 2 ot e /K R LIS 4 SE AR 4, ORI P o R



FERUE AU S WRF (4.0 BRAS) S b YR58 R I R I 72 0 9 S BB B
4.1 WRF ${EA LB &

B WA FIIL T AR 43 9y 1L, IF[a] [E] RSy 6h ) NCEP/NCAR
PRALY FNL 2 BRF AT R, B IOE EULE 8, /KF4r#E3h 3km, #% 4
HON 701711, FTEFHFY 51 7. AR LA Ay 2017 4£ 7 F 12 H
00:00 UTC, 4K 18s, LA 72h, 3% 0.5h HrHislgs 5. s ik
Bk ange 1, BB R X S S % i FE A an ] 8 BT

115°E 120°E 125°E 130°E 135°E

K 8 BAMIIX IR (RS EE, HA: m)

Fig. 8 Model domains. The shading denotes the terrain (units: m)

®1 LESHIIR

Tabel 1 Model configuration for simulation

SR TT R
AWHETT R YSU
USTEAPIDIES RRTMG
KPR J7 % RRTMG
i Y=Y ES Revised MM5
PR EYIES Noah
P CYBEPIES New Thompson

4.2 WRF #4145 BI6E



M 13 [ 07:00-13:00 UTC 1) WRF #i41, (] 9a) 5 CMORPH F&/K ik} (18]
9b) (1 6 /NN BARBE K E A Al UG H, S SEhAELE,  EARASEAOL W T
HAiEE, e RYTE XTI O, (RS R P K ol S SE e AR — 3, FELL T
MRTTAREEM, X RR X MR RN . Syt — DI U s 2 2R
AIEEVE, R EK AR BRIN % 2017 4 7 ] 13 [ 12:00 UTC (¥ WRF BL4LLRTZ /N
LKA (B 9c) S5l (B 9d) #EATxF b . - E B0 7 1 5 AR i Hh X
M5, 5 6 /N RFRFEAKR LUIB BRI, R AR B /K DX ek A i K, (FLAE
PR R O B S SB35, BRI BRI 5500 — 8. SR,
BIRBLUTE 5 A8 AL R B R, (LR R T 8 A At e 7K X 4k 1) 288 R o
R I 55, SO AR PR PR K B T X ) 7K 7 DX R 5 5 (R R 0 8 R A g B AR,
BEA PRI T ek B AR KOS R

(a) 0BS:6 h precipitation

(b) WRF:6 h precipitation

122°E 124°E 126°E

7

128°E

5 10 20 30

(c) OBS:11:00 UTC

50 70

0 a3N -

46°N 3
45°N

44°N =

42°N

41°N =

122°E 124°E 126°E

[ I | =8 I

5 10 20 30 50 70

(d) WRF:11:00 UTC

30 40

46°N =1

45°N -

43°N =1

42°N =

41°N

122°E 124°E 126°E 128°E

25 5 15 25 30 40

T

400

800 1000

K9 (a) CMORPH #Hlszil 5 (b) WRF B4 2017 45 7 H 13 H 07:00 UTC-2017

7 H 13 H 12:00 UTC 6 /N BEFEKE0 A CEER, ¥42: mm) ; 2017 %7 A 13
F 12:00 UTC (¢) CMORPH %kl s (d) WRF 401 1h BFEKES M CEBlg,

AL mm) o BRI XS (A m)

1



Fig.9 07: 00 UTC 13 July 2017 - 12: 00 UTC 13 July 2017 (a) Observed from CMPRPH data,
(b) simulated 6 h accumulated precipitation (shaded, units: mm) ; (c) Observed from CMORPH
data, (d) simulated 1 h accumulated precipitation (colored shade, units: mm). The monochrome

shaded area indicate terrain (units: m)
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Fig. 10 (c) Observed and (d) simulated sounding at 00: 00 UTC 13 July 2017 from Jilin
station, where red solid line indicates ambient temperature curve, solid blue line indicates
environmental dew point temperature curve.
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(b) 07: 00 UTC 13 July 2017; (c) 09: 00 UTC 13 July 2017; (d) 11: 00 UTC 13 July 2017. The

gray bar denotes 1-h accumulated precipitation.
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