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Abstract: For the uncertainty of heavy rain belt forecast of the ECMWEF model in the Yangtze-Huaihe
River Basin in China during the extremely long Meiyu period in 2020, 10 typical long and narrow heavy
rain belts are selected to analyze the location forecast bias, forecast stability and continuity of forecast bias
using the method for object-based diagnostic evaluation (MODE). Ensemble sensitivity analysis (ESA) is
also used to analyze the key synoptic systems which caused the typical forecast bias of the heavy rain belts.
The results show that forecast uncertainty of the eastern part of rain belts is generally higher than that of
the western part, especially during the medium range in which forecast uncertainty further strengthens.
During the short range, both the western and eastern parts of rain belts have obvious northward systematic
forecast bias. The forecast of the western part of rain belts has relatively lower missing rate, better stabil-
ity and continuity than the eastern part. During the medium range, the forecast error of the eastern part of
rain belts grows obviously and the average latitude variation of the eastern part is also higher than that of

the western part. The results of ESA indicate that the northward forecast bias of the eastern part of rain
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belts is caused by the joint effect of the 500 hPa high-level trough, the subtropical high, the 850 hPa low-

level jet, the shear line and the unrealistic positive feedback between them and precipitation latent heat re-

leasing, of which the development and strengthen of high-level trough and low-level jet is one of the back-

ground characteristics of the northward forecast bias of the eastern part of rain belts.

Key words: Meiyu, location forecast, MODE (method for object-based diagnostic evaluation), ensemble

sensitivity analysis, stability, continuity
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Table 1 10 long and narrow heavy rain belts selected

based on the set criteria during 2020 Meiyu period
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Fig. 1 The concept of forecast ability illustrated by using the (a) 36 h, (b) 60 h, (¢) 84 h forecast of
the heavy rain (blue) from 08:00 BT 6 to 08:00 BT 7 July 2020, and the concept of continuity of

forecast bias illustrated by using the 60 h forecast of the heavy rain (blue) and corresponding
observation (orange) from (d) 08:00 BT 5 to 08:00 BT 6, (e) 08:00 BT 6 to 08:00 BT 7
and (f) 08:00 BT 7 to 08:00 BT 8 July 2020

PG BN G v 18 205 J3E T 40 s 22 o B0E 1Y 26 B8 T4 fig
2RI EME R 0.5°, B 1d.le 1 4454 T 60 h
Bf%cy 7 HS5 HO8HEZE 6 H 08 HF.7 H 6 H 08 i
7 HOSKI.7H 7 HO8KZESH 08 47 [ i
UL T 52 o B (& T 708 490 1 410l 22 1 3% S 1

1.5 HKAHBEMESHTIE(ESA)

M5 ESA BE . B AR & BURAE S A Tl
Z B BRCR 25 1 5 5 1 R i 2 A A ok
B D) RT3 5 ST TR i () SR A R (x ) Z ] R
P [ 9 775 i AR AE =35 A8 QBB -

oJ :cov(],xl) D

ox, var(x,)

I T 2 T 0 L e K x, g ¢ I 20 AR 285 )

LAy e X0 ) R B A 9 2 B o A

XA M BT 2 cov NETT ZH T var
T 2T o AEARWESE AP A I DX I8 P Y X 2
6 h AR N T R BT RS ..

2 Wil w2 53

2.1 WHEARAMBERCEMBKBESN

2 7R T 2020 A Hg TR HA 55 W RN A AR VG Br A
FEWRT- 58 25 M A% . A B TR 38 i 22 0K
BB TR 7Y B AE O ALRT 2 B (108 ~156 h)
SR ZE A T BEAR DAL, P B8 25 AR b I AR B
RIS IS W b T, A2 S A AN (36 ~84 h) L [
AR P B 26 WU R 25 K/ Y G120, 67)
IM7E 36 h B R AR 0. 474 A . i 8 T Hp 30 B &%
(108~228 h) , F 7 RE M A E iR iR ZHE & T
PG B 2 v 1T ) R 2 B (108 ~ 156 h) L R L 74
B2 B AR R 22 40 oA 1L 20 0. 77, Ml R
g B 8 W P B R T3 (10 20 LA D AH
FeFARB AR (20% AN . BT v ) i 5805 2K B
(108~228 h) , W 7 4 BE AN VG BE A T 41 38 40 X 45 1
A3 AAE 30 % DAL AN 40 % L E



1340 A % 547 %
R —— ARBCRE R L By 404 78 BRASE FY L D106 5 . 9
1‘2‘ A 50 %6 ~60 %, A . PG Bt £ B Tl 41 7 2 728 e 2 R K

%1:07 W i 100 - WA 0.6° A Ay o BT rp 3 B 280, TR A AR L PG B A

- o & DUREUER UL G R T R 15 sh I R

Toef leo & BiRa 2 i LE B AR It 20 %0, N H 9 R G 26 B T

o4t 140 B AR ERE 76 BRI B T e T AR B
0.27 120 B b Tk R X B, H 2R R TR 0 OF 2 AR R
0.0

108 132 156 180 204 228 0
TR/ h

B2 2020 4F i 0 52 1 T 4
IR BN TG BT 2 i 15 25 O R

Fig.2 The average latitudinal error and miss rate
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for the western and eastern parts of heavy rain

belts during the 2020 Meiyu period
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(b) southward forecast biases for the
western and eastern parts of heavy

rain belts during the 2020 Meiyu period
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and proportion of steability of the western and eastern

parts of heavy rain belts during the 2020 Meiyu period
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Fig. 6 Daily variation of latitudinal forecast bias of the (a—c¢) western, (d—1{) eastern
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(c, ) 84 h forecast of heavy rain belts from

08:00 BT 5 to 08:00 BT 8 July 2020

(Solid lines represent continuous forecast bias, dashed lines represent discontinuous forecast bias, blank represents miss forecast)
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(a) The 36 h control forecast and (b) observation of the accumulated precipitation distribution

from 08:00 BT 18 to 08:00 BT 19 July 2020, and (c¢) heavy rain belt objects of forecast and observation

(in Fig. 7c, blue shaded: forecast heavy rain
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Fig.8 The every 6 h ECMWF accumulated precipitation ensemble forecast spread (colored)
and ensemble mean (isoline, unit: mm) from (a) 08:00 BT to 14:00 BT 18, (b) 14:00 BT to
20:00 BT 18, (¢) 20:00 BT 18 to 02:00 BT 19,(d) 02:00 BT to 08:00 BT 19 July 2020

(black dotted: area of ensemble mean precipitation =10 mm, red box: area of northward

rain belt bias of ECMWF determinictic forecast, the same below)
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Fig. 9 ESA (colored) of the 6 h average accumulated precipitation with northward forecast bias (red box)
from 02:00 BT to 08:00 BT 19 July and the earlier 500 hPa geopotential heights at
(a) 14:00 BT 18 (18 h before), (b) 20:00 BT 18 (12 h before), (¢) 02:00 BT 19 (6 h before) in July 2020

(Isoline is the ensemble mean geopotential height of corresponding forecast lead time, unit: gpm;

black dotted area represents the area having passed the 0. 05 significant level test)
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Fig. 10 ESA (colored) of the 6 h average accumulated precipitation with northward forecast bias (red box) from
02:00 BT to 08:00 BT 19 July and the earlier 850 hPa (a—c) zonal and (d—1{) meridional horizontal wind fields at

(a, d) 14:00 BT 18 (18 h before), (b, e) 20:00 BT 18 (12 h before), (c, f) 02:00 BT 19 (6 h before) in July 2020
(Wind vector is the 850 hPa ensemble mean wind field of corresponding forecast lead time, unit; m s ';

black dotted area represents the area having passed the 0. 05 significant level test)
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