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Abstract

To meet the demand for refined and high-accuracy aviation meteorological services, this study
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focuses on the forecast products of the European Centre for Medium-Range Weather Forecasts
(ECMWF) numerical model. Three correction methods—Mean Bias Correction (MBC), Linear Re-
gression Correction (LRC), and Quantile Mapping (QM)—are adopted to perform hourly corrections
on four key meteorological elements, namely 10-meter wind speed, 2-meter air temperature, 2-me-
ter dew point temperature, and sea level pressure, based on the observed data from July 3 to August
10, 2025. Evaluation using indicators such as Mean Bias (MB), Mean Absolute Error (MAE), and Root
Mean Square Error (RMSE) shows the following results: The Linear Regression Correction (LRC)
method exhibits the best comprehensive performance, with optimal corrections for sea level pres-
sure (RMSE = 1.616 hPa), 10-meter wind speed (RMSE = 1.188 m/s), and 2-meter dew point temper-
ature (RMSE = 1.314°C). The Quantile Mapping (QM) method has a significant advantage in 2-meter
air temperature forecasting (RMSE = 2.095°C), which is a 35.6% reduction compared with the LRC
method. The Mean Bias Correction (MBC) method is simple in calculation but has the largest com-
prehensive error. Based on these findings, a hybrid correction strategy is proposed: using QM for
air temperature and LRC for other elements, which provides technical support for refined aviation
meteorological forecasting.
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BEE R E AT AR S 05, BIPERERSREET, W] S AR KNGS E AL TR IRSS
(R HERf MEAN S PEBE HBE S ER [ 1] MU AR E R TR B B4 YT 2 e 5181738 BEFmm A
TR E LB PR B, AT AR 5 AR B DG A e 3R BR UK e e, R Ta) KU B AE 1E Mg~ T U
AR 2 S 8 A AR S [ 2]

MFTALE TGRS EEARSEUE WiIRA, ECMWE #RE AR ER AL, Wl 3 /N
B, APERTIR D HREA R . ERTIREA RAVEmZESS 3], MELAH ST R, Fik, 5T 52
B 0 BB TR AT IT IE AR AL, BRI TIARORS FE IR B T B o

S8 ZE 4T IEVE(MBC) £ [ AT IEVE(LRC) A2 6 Bk S5 (QM) 2 & i T IE i . MBC il it
BT M IE RGNS, BRI H[4]; LRC 8L R 5 WIMME 2k &, RIS IE RS
HREmZE, REMEIFS]; QM T BB AR EICE, GEE EMR S Mz, ERBEHR PR
(6] CABFFRAAIE F 20 R IERCEAFAEZ R, (HEM ECMWE BL7E FRIE X i = A R E R M
KRG IEVPAE T RA R

ARFFEE 4 MO TR ER, RGN =MITIERRE, WS A IR ey %.
FARBLWT: (1) FARIES TG, 2) FELIESHRE; 3) ZHERET; @) &S
Wik g
2. ¥|EHE
2.1. #iE

ACEEL ECMWE 2025 67 H 3 H~8 B 10 HEUE TR, &H 08 i, 20 KAL) ¥ U6,
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RATH K 48 /NIFIZ 3 /NEFFIR, A5 10 KKGEH(m/s) 2 KSIE(CC) 2 KER AR E(CC) P21 <
JE(hPa) 4 MELEK,

SEGLEEE KR T W13 METAR 4R5C,  GREO B [F I A, $8B0S % 6 /N N Z0d s /E 8T IE
WHE . PUALEEFE: (1) AIGRERESHEBER RFEE: Q) LM EEAMNINEE; 3) ¥iE 3 /N
FRAF B A 5358 /N I S0 H5 08 DT T () B 25 RO, AT B TRD 6 5%

2.2. ITIEEERE

(1) ~FREMWZET IEVEMBC): 383 57 52 [F) AR [R] i i 2 0~ 22 Z2 18 IE BB, W B R et i

#[4]. A3
Bias(t) = 1/N-Y(Obsi(t) — Forecasti(t))
Corrected(t) = Forecast(t) + Bias(t)

o, Bias(t) N3 ¢ TRARE R D s~ P38 22, N AFEASL, Obsi(t). Forecasti(t)7r AICAES i X7 2 Ml
TifRAE, Corrected(t)NiT1E /5 WiHk{E, Forecast(t) A aH A E

(2) BAERIEITIEVE(LRC): @ASDWIINE 5 TR E At AR, BIE RSG5 REMZE5]. B

Obs = a-Forecast + b
Corrected = a-Forecast + b

Hoa NEEARIER, b NENEEEE, KRN ZRIES; Obs AMMME, HASHoE LFHTF.

(3) A HIEWHEQM): BT RA AT R E(CDF) VT EL, 4 TORAE 1 705 Z e S 28 00 AL P %o I8 a7
H, BIETHRMERBER D A2 (6] A3

Corrected = Fobs — 1(Fforecast(Forecast))

A Fforecast(-) N i E AT CDF, Fobs — 1(-)¥WNE CDF HII¥ K%K .
2.3. RE(HIEHR

K E bR iE e R ([7]: TR ZEMB, fiE R mE). FRAERZEMAE, RBCFER%E).
W RARZERMSE, LR ZDA) AR RER, HELVEMNE). BREED(SS, PRAHI T
BIH P SOHFR ) -
3. ZBREHH
3.1. BERRESH

3.1.1. BEESE

B2 1 AIKn, SRVERNET IEVETE PP SR il RO, RMSE Jy 1.616 hPa, #5rhr #5m
BHERRR 31.6%; —FHTIES R REUYRE T 0.95, RUFLETHRS SLhL S — 8k RiF, ITIE
FEMEH RN RGN R ZE, A TR EIARZ, BB E R SR

Table 1. Forecast error metrics for mean sea level pressure using different correction methods

F 1. NERTEREN T8 TESENTRIREER

WIEJ % MB MAE RMSE R SS
LRI IR —1.436 1.449 1.616 0.963 0.649
P ZE T IR -1.976 1.979 2.149 0.963 0.380

AL —2.200 2.200 2.362 0.954 0.251
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3.1.2. 10 K XE

10 2K XU A 5K ATLAE e 39 B B 2 M 2 o AT A R ) B B K, RO ZE 0 W 45 SR e 2 o
LR [T IR VAR WO TR rP AR 35 2, 2 e —HZREVF 73 NIRRT JTVA(SS = 0.007), ~FERZEICN 0.048
m/s, RGNEMZEFN: = RT3 R U EAR(Z) 0.25), XATREZ T X2 it JRbIA i
SRR, B PR E EBOR: PR 22T IR AF A R 3 T 22, R WZ T V5060 KU 1 5
GEPEARAG i EE IEACRA IR -

Table 2. Forecast error metrics for 10-meter wind speed using different correction methods

5= 2. AERTIEAZEX 10 KR FIRIREIERF

T MB MAE RMSE R SS
2 LACINE AT 0.048 0.946 1.188 0.251 0.007
VRS —0.704 1.042 1.470 0.227 -0.521
P ZE T IE -1.216 1.357 1.744 0.251 -1.139

3.1.3.2 kS8

2 KA B R WA AT A AR PR R SO RN BRVK IS, AT IERCR 158 3 BioR, D 3O AL 2
KAW TR P RIEAR, RMSE 4 2.095°C, BRPERNATT IEVEFAK 35.6%: —F7 kM e /¥y T
0.91, PEHISERAIESE—EE R ZVERIAT IEE BEF W % 5 /N-0.495C), {H RMSE ik, &
HFAZ 7 0 W oy S P TR R ZE P B T AN 2, X 5 2R MRS A DAl 41 IR T 2 1 AR A AR AAE 1 R BR P A
6]

Table 3. Forecast error metrics for 2-meter temperature using different correction methods

3. FEITIER AR 2 KRR TIRIREGR

T MB MAE RMSE R SS
ML BRI -1.391 1.736 2.095 0.913 0.696
FEmZE LT IE -1.685 1.948 2272 0.919 0.643
MR FAT IR —0.495 2.662 3.237 0.919 0.276

3.1.4.2 KESBE

2 K R 2 RS SR s fe bR, 5 LA VKRS S I O¢, HAOT IEACR W 4 foR, 26tk
BELT VAR A e, RMSE = 1.314°C, 8B AL A FRAR 22.7%. S5 U FEAHOC R 2L = 0.70, Tiidl
ANTE PEAL T 857K o R B SR T I 22 e K(0.844°C), X EE R /A R IES&E FUMEAS 2

Table 4. Forecast error metrics for 2-meter dew point temperature using different correction methods

F 4. NERTIERZEN 2 KERIRENTRIRERR

T MB MAE RMSE R SS
2 LACINE AT 0.350 1.045 1.314 0.704 0.457
FEmZE LT IE 0.670 1.211 1.498 0.704 0.293

VRG] 0.844 1.344 1.700 0.686 0.090

3.2. ZEMEREEMG

XL = MAT IET AR R 245 R . WE 1 PR, ZePEBHITIEE RMSE A1 MAE f8f5 F#AGUE, £
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BEVE O AT e X, B AR R E R R ZE s L EE IR X 4 MNERIRESRIR T A
J&, ZMEEIEIT IEELLISEY) RMSE = 1.839. P31 SS = 0.347 Ay —; st g a1 48—, U
AR BRI, PYRET EERgGARZE, HitERWEEE 5.
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Figure 1. Comparison chart of error metrics for the three correction methods

E 1. ZF#TIES ARIRERIRXT L E

Table 5. Comprehensive performance evaluation of the three correction methods

5. ZMITIER ARG EMREITME

ITIE F-%) RMSE “F-¥] MAE FHIR P35 SS Lra 4
AAERIHT IE 1.839 1.525 0.709 0.347 1
R UST) 1.907 1.581 0.695 0.129 2
w2 IE 1.916 1.624 0.709 0.044 3

4. R 5itie
4.1. EELZiR

1 RMERNEIT VRS B MERE AL, 76 P3P < E(RMSE = 1.616 hPa). 10 *KJXi#(RMSE = 1.188
m/s)F 2 K g R E(RMSE = 1.314°C) 3 M FRIRSE, BARGEMHMZE D ZEREZIRIITLH.

2. ORI BUMEHEETE 2 KR IR th E I 5 (RMSE = 2.095°C), WHAN R E 2, &0 THRE

FKEFKATIE.
3. PR EIT IEE U SEREE SR G IR 2 iROK, DUE M T80 B A PR e 558 52 IR 1 Rl L TR 3

o
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4. SR ERFEXNT ERCRE R 2 USRI R R %0>0.91, ITIERCREF; ISR R
~0.25, RMEIT IEVIAF AEBORANA € 1

4.2. FHERFESRE AR

LANERNATIEEREA BB IE RS RS W2, @M T2 R B 2R, EXm A L s
L EHERE T AT UL RS, &R RS MR R R R ZER, PR EIT DA B IE R SN 2=,
e P2 H TS RAI

ST, PRIV AT IESRNG: 2 KRR B E, 780 K FHR B AL S TP i<
Jiv 10 KGN 2 K 55 fil BER AR BT IRV, M LER AR M 12 SRR S PR 2 550l 555
FIE

43. gt FEERE

R TR R BB, ARRFA AL TS D IRBERAR TR L 4ok B30 i R AL A
Ay TSI BOEAE (B BRAR LA R 50t s 0 B S A RS AN i IR B ZE RO, fR A A
PRAE S T

b 55 R, SR IE 5V F GG RO R, MRS BRI R ARG B 77 58 ST ST HE AL
i, SHAVEMEME; EEIIER A, BN AR

Sk

o E R AR 2023 FE AT R FE G THATRIR]. b5t JE M R, 2024,
T, HEE, WMEL iR dEE: B2 AR, 2019: 124-136.
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