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Mesoscale Mechanisms and Forecast Bias of the Extreme Rainstorm
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Abstract: A rare extreme rainstorm occurred in Sichuan Basin on 21 May 2018. Both subjective and objec-
tive forecasts failed to capture this disastrous event. In this study, the large-scale circulation, the trigge-
ring and developing mechanisms of mesoscale systems and the possible causes of forecast biases are ana-
lyzed based on the observational and reanalysis data. During this extreme rainstorm event, the westward
extension of the western Pacific subtropical high and the abnormally strong Mongolia cold vortex jointly
led to the southward invasion of the cold air. The water vapor and unstable energy in the southern Sichuan
Basin were extremely stronger than normal, which favored the occurrence of convective heavy precipitati-

on. The special topography near the Sichuan Basin was closely related to the triggering and maintaining of
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mesoscale convective systems. The northerly wind converged and was lifted up over the unique “bell
mouth” terrain, forming a mesoscale convergence line and mesoscale low around the gorge. The tempera-
ture gradient on the west and south edges of the basin was increased due to the basin terrain and upwind
heavy rainfall. Then, the ascending motion was induced in the large temperature-gradient area. The per-
sistent convergence of the northerly wind and the topographic obstruction made the convective systems
move slowly, resulting in the increase of accumulated precipitation. However, the convections in the
southern basin were mainly affected by the synoptic-scale systems. The underestimate of convective precip-

itation by the EC model was possibly caused by the deviation of wind in the lower troposphere in the basin

and the undetailed description of the basin terrain.

Key words: Sichuan Basin, extreme rainstorm, mesoscale convective system, cold air, terrain, forecast bias
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Fig. 1 (a) Precipitation (contours, unit: mm) from 08.:00 BT 21 to 08:00 BT 22 May 2018, (b) distribution

of the stations with rainfall exceeding the historic records in May

(Color dots indicate the stations in the heavy rainfall center,

A: Jinshan Town in Leshan, B: Muchuan, C; Changning. the same below)
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water vapor flux (vector arrow, unit: g * cm

(red dashed contour, unit; 10" °g + cm

(a) Height-time cross-sections of regional average (28.30°—29. 75°N,103.55°—105.55°E ) of
'« hPa™!
% « hPa!

+ s '), water vapor flux convergence

+ s ') and relative humidity

(balck solid contour, unit: %); and (b) precipitable water (contour, unit: mm) and its normalization

(colored) ; (¢) CAPE (contour, unit; J « kg™') and its normalization anormaly (colored) ;
(d) T-lnp diagram at Yibin Station at 20:00 BT 21 May 2018
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Fig. 6

(a) The 10 m wind field (barb) at 18:15 BT, radar composite reflectivity (colored) at 18.:18 BT, and

terrain height over 500 m (grey shaded), (b) 10 m wind speed change in the past 5 minutes (red contour, unit; m+ s ')

and divergence (blue dashed contour, only negative values, unit; 107° s~ ') at 18:15 BT,

and the terrain height over 500 m (grey shaded). (¢) 2 m temperature (colored and contour) at 18:15 BT,
(d) 10 m wind field (barb) at 18:50 BT and radar composite reflectivity (colored) at 18:54 BT on 21 May 2018

(The red arrows denote the wind directions; cross marks represent the national principal meteorological

stations, surface data are collected by automatic weather stations at 5 min intervals, the same in Fig. 7 and Fig. 8a)
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Fig. 7 (a) The 10 m wind field (barb), convergence line (black dashed line), radar composite

reflectivity (colored) at 19:30 BT 21 May, and the terrain height over 500 m

(grey shaded) ., (b) 2 m temperature (colored and black contours, unit: C)

and the temperature drop in the past 30 minutes (green contours) at 19:30 BT 21 May 2018
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Fig. 8 (a) The 10 m wind field (barb), convergence line (black dashed line), divergence
(red dashed contours, only negative values, unit; 1077 s7') at 22:00 BT 21, and the terrain
height over 500 m (colored), (b) cross-sections of horizontal wind (barbs), vertical velocity (colored,
unit: Pa+ s~ '), divergence (black contours, unit: 107" s~ ') and pseudo-equivalent potential
temperature (red contours, unit: K) along 103. 55°E at 22:00 BT 21 May 2018 based on ERA5 data
(triangle: the latitude of rainstorm center; grey shading: terrain)
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Fig. 9

(a) The 700 hPa wind field (barb) and 850 hPa pseudo-equivalent potential temperature (colored)

at 21:00 BT 21 May, hourly precipitation (green dots, unit; mm) at 22:00 BT 21 May, and terrain
above 850 hPa (gray shading), (b) same as Fig. 8b, but along 104. 92°E at 23.:00 BT 21 May 2018

5 BRI w22 70 Hr

IHG YR G 2 A i i K e AR A T T L
JRHER A S o 3L 1 5 I 2 B2 2% i T R ) AT M R
AR WU B3 24 b A%l 55 SUOE PR AL X 36 h iy
ST X 2 DY g S 2 g S 4 2 R T A 4 Al

89, ASCEZSH 20 H 20 B A EC # Hi ik
i 25 A B mT BB SR

Hy 54 51 F1 EC BE 1 24 h [k & B 3T b
(&l 10a, 10b) /] WL, PO 1| 75 1 74 B 3 2 R A6 1Y 2 1
T VA bt 2 5 K T A B S A 55 5 R R T B DA I R )
SEFEK I . 21 H 20 BFZE 22 H 02 B X i M F K
B B o R B B SE LR K R 50~100 mm, J&y M



%64

5 JFAE 2018 4F 5 H 21 DU 1 Ml A i DR % T A v RUE R DR R AR i 22 73 B 701

34°N

32

30

28

101 102 103 104 105 106 107 108 109 110°E

34°N

32

30

28

101 102 103 104 105 106 107 108 109 110°E

34°N

32

30

28

101 102 103 104 105 106 107 108

34°N

32

30

28

104 105 106 107 108

101 102 103 109 110°E

BE 10 (a)20184F 5 A 21 H 08 B} % 22 H 08 AR /K R ILH () SHIR L 21 H 08 AR A9 24 h iR (SF{H 4k,
BAf7 . mm) ,(b)EC #3 36 h Wik (S5, 87 .mm); ()21 H 20 B % 22 H 02 B R K= 52 (i) 5 EC gt
30 h Wil (HF{E LR, B .mm) , ()22 H 02—08 B /K RS2 il (G A0) 5 EC #3036 h Wil (SR, B . mm)
(EC B i a] Jy 20 A 20 1)

Fig. 10

(a) The observed rainfall from 08:00 BT 21 to 08:00 BT 22 (color) and

subjective forecast (contours, unit: mm; the initial forecast time is at 0800 BT 21) and
(b) EC model 36 h forecast (contours, unit: mm); (c) observed rainfall from 20.:00 BT 21
to 02:00 BT 22 (colored) and EC model 30 h forecast (contours, unit: mm); (d) observed rainfall
from 02:00 BT to 08:00 BT 22 May 2018 (colored) and EC model 36 h forecast (contours, unit; mm)
(In Figs. 10b—10d, the initial forecast time of EC model is 20:00 BT 20 May)
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Fig. 11 The 850 hPa wind field (barb) and divergence (dashed contours, only negative
values, unit; 107" s~ ') at 20:00 BT 21 May 2018
(a) analysis fields based on EARS data, (b) EC model 24 h forecast starting from 20:00 BT 20 May 2018

(Yellow shadows mean the terrain height above 850 hPa)
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Fig. 12

(a) Sketch map of the main circulation systems of this heavy rainstorm process,

(b) Sketch map of the triggering and developing of mesoscale convective systems
(In Fig. 12a, at 200 hPa level the brown lines denote geopotential height, character “G” denotes the South

Asia high, blue arrow denotes the upper-level jet, and green arrows denote the divergence airflow;

at 500 hPa level the black lines denote geopotential height, brown lines denote the troughs, character

“D” denotes the Mongolia cold vortex, and character “G” means the western Pacific subtropical high;

at 850 hPa level and the surface the blue arrow means cold air. green arrow means the low-level jet, brown

dashed line means the shear line, and red ellipse means the high energy area. In Fig. 12b shades mean the terrain

over 500 m, brown arrows mean the surface stream, red solid lines mean the warm area, blue dashed lines

mean the cold area, green filled ellipses mean the triggering and developing areas of the mesoscale convection systems

and the blue ellipses mean their movements, wind barbs mean the environmental wind, and the characters “N”, “L”,

“—AT” and “D” denote the warm center, cold center, cooling area and mesoscale low pressure center, respectively)
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