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The multi-model blending forecasts of near-surface parameters

based on CMA model system
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The multi-model integration test of the Bayesian Model Average (BMA) method is carried out for
the forecast after correcting the errors of 2m temperature, 10m wind speed, and 2m relative
humidity from December 1,2020 to March 15,2021 in the Beijing-Tianjin-Hebei Region, based on
four models of CMA-GFS, CMA-REPS, CMA-MESO 3km, and CMA-MESO 1km.

The results show that the root-mean-square error of each model’s element is significantly reduced
after error calibration. The prediction effect of the BMA multi-model blending is much better than
that of calibrated output of every participant model.
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Compared with the original errors of several models, the improvement of the 2 m temperature
integration forecast is between 0.5~1.4°C, and the improvement rate of the root mean square error
is about 20%~40%. In the meantime, the root-mean-square error of 10 m wind speed and 2 m
relative humidity improved by 12%~45% and 25%-~35%, respectively. The horizontal root mean
square error distribution of .each element is significantly different in different terrain heights, and
the error distribution of different elements has been significantly reduced throughout the region,
In addition, BMA can obtain the full probability density function, which can quantitatively predict
the uncertainty of each parameters.
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BRAPATIIR 248 (Zhang etal, 2019; Chenetal, 2020). CMA-MESO [X 155 7 #ER ik R
&t (MY, 2017). CMA-GEPS RS Tk 4 (ZEFE, 2019). CMA-REPS [X
WHEAGTIR ARG (FREFFZEREF], 2020; TKEHEE, 2014). CMA-TYM X & KTk Z4
(RRERLLFIBRERE, 2018) &5, N R TUHRMRSS A 9 Jak o S At B B SCHEAE R o R
PP RIRBEIRS, RIE CMA SR R i SRR RILEE G, TEXT CMA &
R TR ZE ] B R A BRI TG, 13 BRI ™ o, PR R T
R ) R SIS
2022 FAbI A W IRAEAZE TR MR R SEHLIX 25547, KR P AMS EAEFAE LY
HRIRE PRFE X FIGK K I FEX 5847, SRR A s ) 22 S AR5 K, 1 B3R AR E
IO ER AT 4, R 5 S SRS AL IR A B4 MR (I M i S R B Tild, 1 DA
XA TT 4R R M N U H TR S R B R RS 4 TR T2 o 5 — 5T, AT SR AT 5
FBEF X ECMWE 4 TR 5 LA K TIGGE HIRAEA T, b [F— MERIR R AR R
BT A A AR s i 20 R I TR B T AR T I A 2 W A SC B TR CMA Bk R A
[F] 43 #p 2 A5OSR L 36 T B T A7 A 2 7 9 & 5 1R 200 X CMA AN [F) 43 22 s Xk
ITERR, CASRAS S 2% 1 B8 AR A b T 22 38 i S MR 32K i, b A B S R il
IR 55 i A B RS 200 44 B A oA A ) B 3R T 7

1. ZRAERITEN A

AR E R CMA R R 8 MR T IR ZAT IE X PR RS %=, ARG H
AT Z AR R 0, 19 3145 3 H T 2 3R O A A 485
1.1 RZEIETEANEA

K — B B IE R R IR B 702, 1R e — AR TR R SR AR, s AW R R
ZEREAT ST, IRAF 1 HT I 0 B R ZE (v SRR 22 REE 777 (Cui et al, 2012; 448455,
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Fig.1 Terrain‘height in simulated domain
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Table 1 Comparison of RMSE in different training periods
YIgkH/d 20 25 30 35 40
2m R E/C° 226 224 224 225 226




10m RG#/ (mes™) 204 2.03 204 204 205

2m FHXHE /% 11.70 11.68 11.70 11.70 11.73
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0.2°C, A WLJR AR ZEEA AT IE R AR . 2R IR BRI GIR G 45 R~ FEAEAE —
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CMA-REPS, fij HLi% 2 /N QR 4% 22 B 2 iR 22 A R AR aR T IE R iR 28 o &AM
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mes™, FfHAFIN R0 THRIR Z IR R s A Foft =i 22 B I 28 K g 19 K 1
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iR =R E, B TR DR 22 KA . BMA S5 150 LM iR 46 1% 22 1
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2 BRI AN (@) 2mifE, (b) 10m K&, (c) 2 m AHXHEE ik
FIJEAG . T 1E S AR RS 07 iR ZEX) L
Fig.2 The root mean square error comparison of the original, corrected and blended forecast
about (a) 2 m temperature, (b) 10 m wind speed, (c) 2 m relative humidity of each model in 0~24h
lead time
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W, ATIEJG MRS A ARF AL, #EAE 1~6 h WRORERG AT B, 2 5 IREE T+
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Fig.3 The weight coefficients comparison of each model about (a) 2 m temperature, (b) 10 m
wind speed, (c) 2 m relative humidity in 0~24h lead time
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Fig.4 Comparison of the 24h forecast RMSE distribution of (a,b)2 m temperature,
(¢, d) 10 mwind speed, (e, f)2mrelative humidity between (a, c, e) the original CMA-MESO
1km and (b, d, f)multi-model blending forcast averaged from 1 Feb 2021 to 15 Mar 2021
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Fig.5 The comparison of horizontal distribution of (a~d) 2 m temperature, (e~h)10 m wind

speed ,(i~I) 2 m relative humidity in the 24h forecast started from 00UTC on 9 Mar

2021

(a, e, i)observation, (b, f, j)CMA-MESO 1km model original forecast,
(c, g, K)\CMA-MESO 1km correction, (d, h, j) multi-model blending



3. 4. 2 BMA MER FUHRAFAE 73BT

BMA J5 v ANME AT LA 206 8 PETRAA , & B OR A TE T 1T LAAS 20 TR 37 (1 ME 28 TR ARFAE
PL 2021 4F 3 H 9 H 00UTC A4k 24h JE FR ABIHEAT BUA BER TR 4. Bl 6 45 T &/
I X 35 s P 2401 2m IR BMA 7 2057 TR AT UL I % EE o BMA J7 vk 38 3k 23 ¥ 4057 TR Bl »
AT AN A e A BT I, BN U SR AR E 40~60 E 4 L, iR
BMA FRFR (1] 40~60 H 4307 £ 14 2 m I RENs Sl LU i i Bl gk 25, 1 BMA a1 TR BE 4%
UF PR TR 224 R % AR R R
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ML EE
Fig.6 The area-averaging 2 m temperature comparison of BMA percentile forecasts and
observations started on 9 Mar 2021 00UTC
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Fig.7 BMA predictive PDF of (a,b) 2m temperature and (c,d)10m wind-speed in 24h forecast
started from OOUTC 9 Mar 2021 at ( a,c) grid A(117 E5 -38N) and (b,d) grid
B(117E, 41. 5N)

(black solid curve: BMA predictive PDF; black solid vertical line:BMA deterministic forecast;

blue solid vertical line: observation; red dashed Vertical line: the 10™ percentile and 90" percentile
forecasts for BMA predictive PFD)
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Fig. 8 The probability distribution of (a)2m temperature which is centered as
BMA deterministic hindcast , the interval length of 2 °C, and(b) 10 m wind speed which

is centered as BMA deterministic hindcast , the interval length of 2 mes’
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