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Abstract: For the uncertainty of heavy rain belt forecast of the ECMWF model in the Yangtze-Huaihe River Basin
in China during the extremely long 2020 Meiyu period, 10 typical long and narrow heavy rain belts were collected
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) was also used to analyze the key
synoptic systems which cause the typical forecast bias of the heavy rain belts. Result showed that: Forecast
uncertainty of the eastern part of rain belts is generally higher than that of the western part, especially during the
medium range where forecast uncertainty further strengthens. During short range, both the western and eastern part
of rain belts have obvious northward systematic forecast bias. The western part of rain belts has relatively lower
missing rate, better stability and continuity than the eastern part. During 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 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 releasing, where the
development and strengthen of high-level trough and low-level jet is one of the background characteristics of the
northward forecast bias of the eastern part of rain belts.

Key words: Meiyu, location forecast, MODE, ensemble sensitivity analysis, stability, continuity



51

il

RARWE ZRGEW, RETLHER X Z RN R EHR (T —IL, 2019). 2020 F4%
[ Z X I T R (KOS 62 RN, “FMK X 759.2 mm, 2 1961 4L
KL% o XYM AR R AME A (6 H 1 HD. HiMgEm a8 A 2 HD. g k.
Wi A K ARSI SR 5, S MR SR ITR IR 55 5 SR AN (K Rl o

B0 BRI AR, VP2 QB B AN W o W 4 5 T T 3 71 A RHE
FRARIEN . X H% (2011 @I EUEREE, MWIUG R 21K (10 A BE R T HE R 1122
ARG TR . FE%S% (2019) FIF WRF Bx0R1 NCEP Fa T ¥R 78 T — N
FM ARSI RE R R IL 2 W 1SRRI i . XSS (2018) {1 NCEP/NCAR 7
Brgpl, TURA A S ZoR, 454 WRF B, 0 — o T 2 i I F2 10 R A2 R ML
HIHEAT TS WA, SO ke (2013) RN ZERHSE T T 1961—2011 AFK YL rp T il
HE TN AR5 1 B (A AR AR X IBERR (2019) T NCEP/NCAR F43#i %8 kL. NOAA OLR
GBI B 7K OO B R BT 4R 7R T 2018 43R E Mg R K R LR S . 36
(2020) JU IRV R TR ) A BERHZ I R R TT T ke T DA, B3R IE 58 22 M 1) T L3 7y
BT 5 T PE S5l 2% e, TR 57 T e o B il 2 M I 30 2 0 T k10 o T O S AR v 1 e L
FHORBI FATAR R B =

7E 2020 4F-H Y 5 WY IR S e, TR G341 30 ECMWIR AR x0f — S K 5 W RS 75 19
TOAR I 1 2R B Al AT VG B R 20 5 SO — BB R « DA T 78K 2 R g R Y 7
TERNIERIBAT 00T (T 5%, 20125 BRHGANEE, 2016), WA %5 R AT 42 74 B b B TR 0 22
()22 Sk o MR AR A IS FE K, TE S BRI b A [R] 37 BB A I 5% 9 S22 I L AN () ) e i 22
fiE, JUH SRR AR B T XL RRORRS 2R 00, (RIS 52 20 70 Rl v 5 A0, 7 g 2R KA B A v
(L RRIFREIRD B2 N RARGLEHN, SH RO BHRRZE R, FHRA T E SR 4,
R S A0 TN A R 2 R PO A R 7t 0 B D R 7 P B IEAT A 7 AR, BB 3 TR R
BARIAWIRE, BT REHHE 7% (MODE) (Davisetal, 2006,2009) £\ &AM
5 TGS JE PR B TR 4 T B TR (URESE, 20115 XA 2%, 2013; F 4%,
2016; PREESE, 2018; ZRFANEEERH, 20200, 55—, SEA TR MAE T kiR ZERE
KAFH A (BRHExkaE, 2019, A FH XM N B 2% W AR P A2 AN B RE EA S AT
ST BEATUBRIENT (ESA) J7ik R Ancell and Hakim (2007) #2H, 2—FiET2k
AR G 8 TV AR TIUAR B AT DR S U (K 7772, AN B T8 7 e ma TR RS S (3] ) 2



AL, B RES G AN TR R 22 S ALFEN L AN R IEEEK, ESA R CN A T8 i
i <UiE (Xie etal, 2013; Keller, 2017). % (Lynch and Schumacher, 2014; Yuand Meng,
2016; Duand Chen, 2018). s&Xyit (Hill etal, 2016; Limpert and Houston, 2018) %A
RPERSARGE AT R AT T

B ECMWE A5 2UAE 2020 4 RN 12 B 4 R 57 2B 903 A7 6l 22 ) ), AR S
3T MODE AR 73100 7 717 2R PG Bz B T B0 i Z2 R AL R T 4e i 0 i, FFR AN RIS 25 L
R T 2R P B B T AR 7 1k AR S AP P /R e R o R Y 2 18 B B A 2 ) SR PR kAT
PRAL, FEUEFEAL b, 459G ESA BORBIE TS 7Y 7 #A fn 72 45 Ak A TRAR AN 2 MR, v de
T R 302 R TR A AR R 2 S 55

1 BRI
11 %R

JIT A FH B Pl 0405 Dy ECMWIR B 5 P TR FH 86 & TR cdts 20l T 2020 4R AR
S0 27 W9 7 1 TR O 22 70 A AN S BBURAE 23 B . ECMWIR A58 U E PE TR 7K -F 2 8 0y
0.1255 JEEX 12 B C(HFEA) A2 36~228 h ([AIfE 24 h) B2 24 h AR K TR iEAT
73HT. ECMWF S5 Tk BERHI K20 #5309 0.5 A8 1 AMEHHITIER A 50 M LBIRUA .
D9 OR BERIE 78 rh B W R P S B, b R R TR S I 2% ) 2014 A BRI CHgE R b
SSRED TRy M R XGRS (T R B, R XSV ] 25-38N . 105°-123E I
2020 - i 1% N R P REAT BT AT TR AT A SR AL BB N 4 2411 MR EEHIIZH (08 I 2
CH 08 I, JLHU) B E o, i S i B A B A 8 21 5 TR EE A [ 0.125 0 #% L
N T B FEAN RIS R PR S BRI T A SC AT FE 45 SR 2 T BUR, SBT3/ 0.1 H e
()42 [ F 2T R85 CMORPH il Bk i I H 0057 #2611 v B AR R KA 15 %
K SIS BT 7= it s JIRAR SCATHEL T4 PR RS R B 7K SIE 00 45 3 A R 7K 40 AT 7 i ERAEAE BT
Z25, AB I AFENASCHINT FUAE RANZE L, 1K 2 T A SCHIBIF TR R AR KRR 2 1 9 717 Y
Gl (L1275,

1.2 EFHRESERTME 5% (MODE)

MODE 77 7 ] MR 38 152 5 1) B b BRIAE 150 S PO AU B A 52, FF B S T AR
RO E L K. fERE. B, MiREREME, BIRNA T2 Davis et al (2006, 2009) T
Fo MODE J775 50 Mt Hi 1 % 7K 5 G RS % Al 25 0 o i Al 25 ] 7E — e RE B 0 AR SRR T



RAZRGE A [ ZZ MG B R TR G 22 5 HIFR K S EAL B BE T 58 3 BN 22 « € 1) 5
N EARBIE A 50 mm « d™e 25 R BIWII G AR FiAR I 2284k, AR GO e, 7
2020 VTN (6 H L HZE 8 A 1 H) PEHGH & a1 F &K B WAEA

(1) WRIEH=60000 km?

(2) FRHFOLEAELE 28°-34N, 110=123E i [l P

(3) XRYBEE (KR S5RHELS)) =3.0
LA AR I 10 MK EEAEA (R 1D, FEANRIEE 2020 AR Y HAFTA L3S (e K
FA TR MR IR R E RARVIHOIR AT, PR E SR R R A B (D,
HEOIE 1) 10 AARAS T R FE AR 55 22 DL IE A [ Tl i 2% 2% RO TR0 5, 420 R 4
[EBATA IR YIE], HFEBHEAT MODE THE, R4S M AR B PE B DAL B A B DIES,
Xof - TR AL IS 5 AR B CPRE RTINS SR T AR 5 O R EUAEDAR T 13 IR,
HRRAL B . X HUR LT MODE J7 A1 B W B iy I iR 30 08 SO AMEAES L VLRSI Tl 5
I I 717 D00 00 22 R 0 0 80 5 0L 0 22 o 2 0 R B8 B8

F1 BRBSEREFIELA 2020 LFiEHH 10 MK RFEEE

Table 1 10 long and narrow heavy rain belts selected based on the above criterias during 2020 Meiyu

period
s Rk BL (It PR km? R AR
1 6 H2H08Z3H 08I 8.1 46
2 6HA12HO08HZE13H 08K 10.1 33
3 616 H 08 % 17 H 08 it 74 4.1
4 627 H o8tz 28 H 08 it 16.9 4.9
5 7H2H08I%E3H 08I 16.2 3.4
6 7H 5 H 08K ZE6 H 08 13.1 5.2
7 7 H 6 H08HZE7H 08 12.1 3.7
8 7H7HO08KZE8H 08K 21.7 35
9 7118 H 081fZ 19 H 08 i} 171 4.0
10 7721 HO08HZE 22 H 08 i} 134 5.3
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Fig.1 Use the (a) 36 h, (b) 60 h, (c) 84 h forecast of the heavy rain objects (blue) during 08 BT 6 to 08 BT 7
July in 2020 to illustrate the concept of forecast stability, and use the 60 h forecast of the heavy rain objects
(blue) and corresponding observed heavy rain objects (red) during (d) 08 BT 5 to 08 BT 6 July, (e) 08 BT 6

to 08 BT 7 July, (f) 08 BT 7 to 08 BT 8 July in 2020to illustrate the concept of continuity of forecast bias
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Fig.2 The average latitudinal error and miss rate (unit: %) of the western and eastern parts
of heavy rain belts during the 2020 Meiyu period
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Fig.3 Proportion (unit: %) of the (a) northward and (b) southward forecast bias

of the western and eastern parts of heavy rain belts during the 2020 Meiyu period
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Fig.4 Composite analysis of 500 hPa geopotential height and 850 hPa low-level jet for
the (a) northward and (b) southward patterns of Meiyu rain belt forecast bias during the 2020 Meiyu period

(Area of 850 hPa wind speed >12m-s™ is shaded and the red lineis 588 dagpm isoline)
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Fig.5 The average latitudinal amplitude of variation and proportion of steability (unit: %) of

the western and eastern parts of heavy rain belts during the 2020 Meiyu period
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Fig.6 The daily variation of latitudinal forecast bias of the (a~c) western, (d~f) eastern
parts and the (a, d) 36 h, (b, €) 60 h, (c, f) 84 h forecast of heavy rain belts during
08 BT July 5 to 08 BT July 8 in 2020. (Solid lines represent continuous forecast bias, dashed lines represent

discontinuous forecast bias, blank represents miss)
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Fig.7 (@) 36 h control forecast and (b) observation of the accumulated precipitation distribution
duing 08 BT 18 to 08 BT 19 July 2020, and (c) heavy rain belt objects of forecast and observation

(forecast heavy rain object is blue shaded while observed heavy rain object is red shaded)
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Fig.8 The every 6 h ECMWEF accumulated precipitation ensemble forecast spread (shaded, unit: mm)
and ensemble mean (isoline, unit: mm)
(a) 08 BT 18 to 14 BT 18 July, (b) 14 BT 18 to 20 BT 18 July, (c) 20 BT 18 to 02 BT 19 July , (d) 02 BT 19 to
08 BT 19 July
(Area of ensemble mean precipitation larger than 10 mm is in black dotted area, area of northward

rain betl bias of ECMWF determinictic forecast is in red box, the same below)
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Fig.9 ESA of the 6 h average accumulated precipitation with northward forecast bias
during 02 BT to 08 BT 19 July and the earlier 500 hPa geopotential heights of
(a) 14 BT 18 July (-18 h), (b) 20 BT 18 July (-12 h), (c) 02 BT 19 July (-6 h) in 2020
(Isolines are the ensemble mean geopotential height of corresponding forecast lead times,

the black dotted area represents the area passing the 0.05 significant level test)
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Fig.10 ESA of the 6 h average accumulated precipitation with northward forecast bias during 02 BT to

08 BT July 19 and the earlier 850 hPa (a~c) zonal and (d~f) meridional horizontal wind field:

(a, d) 14 BT July 18 (-18 h), (b, €) 20 BT July 18 (-12 h), (c, f) 02 BT July 19 (-6 h) in 2020
(Wind vectors are the 850 hPa ensemble mean wind field of corresponding forecast lead times,

the black dotted area represents the area passes the 0.05 significant level test)
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