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Abstract An extremely heavy rainfall occurred in the Pearl River Delta on 22 May 2020 with the sliding 1 h maximum precipitation
of 201.8 mm, and the total rainfall of 351 mm in 3 h. In order to investigate the key forecasting factors and the predictability of this
case, the evaluation and sensitivity analysis of precipitation forecasts by the mesoscale ensemble prediction system that is based on
the Tropical Regional Atmosphere Model for the South China Sea (CMA-TRAMS(EPS)) are carried out. The results show that
compared with the ECMWF Ensemble Prediction System (ECMWF-EPS), the good-performance members of CMA-TRAMS(EPS)
have better ability to capture the intensity and spatial distribution of the heavy rainfall, but they still miss the extremity. The better
prediction ability of these members comes from their effective prediction of the evolution characteristics of the low vortex and low-
level jet (or boundary layer jet) as well as the intensity and location of the coupling between the two systems. The strong southerly
wind component of the low-level jet (boundary layer jet) over the eastern part of the Pearl River Delta is conducive to the deceleration
of the low vortex moving and the enhancement of cyclonic convergence, both of which are favorable for long duration and high
efficiency of precipitation. In addition, the development of the low vortex itself has feedback on changes in the intensity of low-level

jet (boundary layer jet). The low-level jet (boundary layer jet) is accelerated in a small area due to the feedback of the enhanced
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vortex circulation. This coupling mechanism is well described by the good-performance ensemble members. However, the coupling
position of the low vortex and low-level jet (or boundary layer jet) predicted by other members is located to the east and south of its
actual position, and the convergence intensity is underestimated. The above biases in the simulation lead to the deviation of rainfall
intensity and rainfall area. In addition, heavy rainfall results in the formation of cold pool and intensifies the contrast between the
surface warm ridge and cold pool (with horizontal temperature gradient of 0.23—0.76°C/km), which is conducive to the maintenance
of mesoscale convergence line and strengthens the backward propagation of convection, leading to extreme rainfall. However, all the
members of CMA-TRAMS(EPS) have obvious deficiencies in forecasting the organization and propagation characteristics of the
mesoscale systems, which limits the ability of CMA-TRAMS(EPS) for predicting extremely heavy rainfall.

Key words Ensemble forecast, CMA-TRAMS(EPS), Extremely heavy rainfall, Predictability
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Fig.2 (a,e) Wind field at 200 hPa (shaded), (b, f) geopotential height (contour, unit: gpm) and anomalies from multi-year
average (shaded) at 500 hPa, (c, g) geopotential height (contour, unit: gpm), pseudo-equivalent potential temperature (shaded)
and jet stream (over 12 m/s) at 925 hPa, and (d, h) sea-level pressure (contour, unit: hPa), total precipitable water (shaded) and
wind field at 20: 00 BT 21 (a, b, ¢, d) and 02: 00 BT 22 (e, f, g, h) May 2020



962

30°N

25

20

105 110 115 120 125°E

2021,79(6)

Acta Meteorologica Sinica K424t

30°N

25

20

15

10

105 110 115 120 125°E

330 335 340 345 350

105 110 115 120°E

360 365 370 375 380 K

105 110 115 120°E

55 65 75

2l 2
Fig.2 Continued

(E 4), 08Il 1) CMA-TRAMS(EPS) [ /K 5
i K e 6 K R AR A, R R K e 3R
i F B AR IX 5 20 B CMA-TRAMS (EPS) /i
T 08 B A /N, BB 22 (8] 43 0 4 R, AHER 43 A
BB V5 XA BRI 25 TR 2 5 S 00 S AR A o
R B AT A A5 2 A i B =2 [ RO [ ke i
i 2] 1) &35 5 2 5, ) FH U AP A {5 A 2 T 41
JAf(E 2 2895 4 v b, i E 21 H 20/ &
22 H 08 B ™ AR 48 4 &F A 3 i & 35 19 TS( Threat
score) TEr M AS R (FAR) I T E B IR . 45531

7R, ECMWF-EPS (1) il #f¢ 25 5 8 B B 5, 08 B i
1 100 mm FF7K TS $F43 318 0, AL 1(8) A~ Ak 5
50 mm fF7K TS KT 0.4(0.2) o #4385 TS MK
B [, FAR #5255 (8 5a, . a,), 0 WR % X 5 52
BUOLE A W25 . 20 IR AL R T, TS W] B2 T),
84N b1 100 mm f& /K TS K F 0, 17(6) 4> i bt
50 mm [ /K TS # it 0.2(0.4) . {H FAR 3% |-
Fr, 4 5L (W 2545 ) FAR Fb TS K (&l 5b,.
b,), BLG ¥ X oA (& 4) W] UL X043 R /s S Ao
B SO E I A 2%



BT SE . FET CMA-TRAMS SEG TR 09 5227 A it Bee A S5 47 ] T4 4 0 B 963

2

o

f'x

»Ej
£
W e

|
A

e
[
Eir— '_
it

i

A
{
i

o
\l

§
;?i

Qa
d F
9.
F
7
*
L [0
O

A
J
Wy
.

;

i

:
«
j

|

F'.

0.1 10 25 50

100 150 200 250

&3 20204F 5 H 21 H 08 BHERAY 2020 4F 5 A 21 H 20 if % 22 H 08 B 12 h B3k (ECMWF-EPS 5 L “E”
F3, CMA-TRAMS (EPS) .51 LA “C” H 3k, Hfii: mm)

Fig. 3 Forecasts of 12 h accumulated precipitation from 20: 00 BT 21 to 08: 00 BT 22 May 2020 initialized at 08: 00 BT 21
May 2020 (ECMWF-EPS members begin with "E" and CMA-TRAMS(EPS) members begin with "C", unit: mm)
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Fig. 6 (a, c) Ensemble mean forecasts and (b, d) spreads of accumulative precipitation forecasts for the period from 20: 00
BT 21 to 08: 00 BT 22 May by (a, b) ECMWF-EPS and (¢, b) CMA-TRAMS(EPS) initialized at 20: 00 BT 21 May 2020

(unit: mm, the red dashed box and the white solid box indicate two areas of high spread)
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