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Abstract: A multi-model integrated forecast correction process and scheme are constructed for 2 m temper-
ature forecasts at Xi’ an Station based on the 2021 — 2024 European Centre for Medium-Range Weather

Forecasts (ECMWF) model forecasts and the 2 m temperature observations from Xi’an Station. The data
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from 1 September 2021 to 31 December 2023 are used as the training set for factor screening, parameter
tuning, and model ensemble, while the data from 1 January to 30 April 2024 are taken as the test set to
assess the forecast performance of numerical models and models trained under different schemes. Through
subjective experience screening and time-lag correlation analysis, seven model forecasting physical variables
closely related to temperature changes, as well as different lead time high level key zone variables and other
characteristic factors get optimized. XGBoost, LightGBM and CatBoost are used for single model bias cor-
rection, and finally model fusion optimization is achieved through Stacking ensemble. The results show
that ECMWF model exhibits a systematic cold bias in temperature forecasts at Xi’an Station, with the
error being significantly greater at night than during the day and the cold bias intensifying during cooling
and precipitation processes. After Bayesian optimization and parameter tuning, all the three machine learn-
ing models are able to effectively correct mode bias with root mean square errors (RMSE) reduced by
0.039°C, 0.030C, and 0. 027 C, respectively. Subsequent feature factor optimization further improves the
single model forecast accuracy by approximately 0. 257 C. The Stacking ensemble surpasses the traditional
weighted ensemble. After ensemble, the RMSE of temperature forecasts is reduced by 0. 023°C, and the
forecast accuracy within 2'C is improved by 2. 589%. During the significant cooling and precipitation

process, the forecast RMSE has a maximum reduction of 0. 481°C compared to that by the single model.
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Fig. 1 Scatter regression of temperature observations

at Xi’an Station and temperature forecasts by

ECMWF model from 1 January to 30 April 2024

2.3 A HIRH

PEHL 2024 4F 2 J] 15—17 H [ o B (R AR
“02157 3 FE R 3 H 9—12 H /K (R FR“0309”
R 7t ECMWE #8522 141 75 878 R Ak 7 v iy
T, BT — KT FEAZ 500 hPa Wik KB/ T 52 mi .
P HAF 3B SR KIS S C UL B, G — ikt
T 2 S0 R AR A% 52 ) PG 22 DX B T B I R K ek
TR R K ERLRIT 6 h, P22 3l H S 34 S0 B K W e 3k
5.2C,

M2 Pt BP0 % 3 h Al ECMWE 2
T ) %oF B v AR ok L 3D, 485 % T B B R A7 A
BRI TR AR 22 . “02157 5 Bt Hp . B3R B B A =X 0L

25 ©) -
—— K
20 1 —— ECMWF
154
)
Q 10
]
=l v
-5 TRy : RMSE=3.206 C
ol ‘ ‘ ‘ AUC=0.355
3H 4H 25H 23H 12H
11 24 3H 44

H M

B2 202048 11 1 HE 4 30 H (2)08:00 I (h)02:00 P % 3 ik HE 52 0L 55 ECMWE ML HE B4R A9 1 il JF 91
Fig. 2 Time series of temperature observations at Xi’an Station and temperature forecasts by
ECMWF model at (a) 08:00 BT and (b) 02:00 BT from 1 January to 30 April 2024



482 A % 952 %
ECMWF—52it ECMWF—52it
ECMWF ECMWF
17H05:00+ 9t 12H02:00 + e
23,00 20,00 -
1400
17:00] 08:00 -
05:00 -
- 11:00-] ~ 1THO5:
& = 23,00 -
= 0800 E 1700 -
= = :
11:00 A
16H02:00-
08:00 -
20:00 10H02:00 -
2000 -
14:00]
1400
15H08:00 (a) 9H08.00 - (b)
T I T T T T T T T T T
-10 -5 0 5 10 15 20 -8 -3 2 7 12 17 2
i/ C i/ C

Bl 3 2024 4 (a)2 A 15—17 H, (b3 A 9—12 H 75 %5 i & 500
5 ECMWF #5LF BU 4 19 1 ) 7 91
Fig. 3 Time series of temperature observations at Xi’an Station and temperature forecasts

by ECMWF model during (a) 15—17 February and (b) 9—12 March 2024

JE TR 2 B Ry WY I 8 A 25 . R I A A A ] i 2 1)
.2 16 H 02:00 ik B 4 4 52 Bl w1 7. 508 C
(J 3a), Zid i ECMWF £ 20 B #i 4t RMSE &
3.747°C, AUC {L 2} 0. 333, 7E “0309” 3 F fr,
ECMWE #8821 B2 P04 i 26 402157 1 B A I i/
{EAT 2 B Ry ¥ Ml 2% Al 22 e K3k 6. 559 C (& 3b) , 4%
A3k FE RMSE F1 AUC 4351128 3. 052°C 0. 407,

B 3R HTE] L R4S ECMWE 5 28 R BE 1 41t
H AR5 VG 2wl S0 T R o e — B, (B 7R O ] 4R R
ZEREH RN o R i 78 B i KA A2 o B R
JEE A AN RE 55 g b Jiz e S B o TR T R W A7 TE
FV %

3 BARIRITT IEIAER

TEVFAl ECMWEF 0 L4l L . A XGBoost
(fai #% XGB) . LightGBM (fij # LGB) Fil CatBoost
(fag i CAT) 3 Fh ML A 2 21 J5 36 M A B A k4737
1E . XGB 2 — M oy ~J P S AR Y L 2 T 46 32
& THR 05 BB 45 K 3 S B R B 45 L 2021 L g
221535 1] VT AR A5 080 4 ST Tl — A iR 23 28 4%+ 01 U
FRUCGE AR A R AR B 22 IR AR R 22 0D 1Y
BEEE DT o) BN ZRHT A L LGB Jg 3 T # Ji 42 Tt
PSR HE LB I A R . AR XGB 813% LGB
A VIGRRIR L AT AR R B 3R SRR AT

b2 3 i 5 (Ke et al,2017) . B EMHXTH
T3 R 43 B2 O T A% G2 1 0 HE P 3l P 3R L e
BT IE T LA . CAT 2 5 T80 B 52 T o 5 bt
AL B 2 > HE SR L i B 5 1 ok F =2 A 7 T 2 2] Y
i Ak BRI B R AIE T AS S 76 B0 1AL BB B L R 2
AT o] S 2K ) T A FER R o 2 3 A Ol B CR BRI 55
2022),

3.1 BSHOAMK

2 BB R DL 2% ) BRI 2k 3 2R 4y
WA A S B AT ARG SR AL AL AR T W R
BERIVERE . B LR 2 B0 U0 5 V5 AL 4 AR 1 R
BEMLAE & . DL o 37 08 4k R E b 3 3% 45 (Nguyen,
20195 XI4E AL, 2022) DU 307 06 A 38 2o ) 2 A 2% AL
RUORAG S SGBER ERE Z M e R, e H i A
A B4 R 1 BB 1 S B A TR L AP I R R
TG T4 B T S BOR L . B R 3h A TR R R
e A8CR B3 T TR O A U AR (L et al, 2017),
5T ECMWF 5 B2 T4 B — HEAE K5 43 50l i
3 PR AL Ay 52 s AR S UL AL ET S
AL TR T3 12 14 B ) O R

Bl 45T 202441 H 1 HE4H 30 H 38
U5 B S B AL A S5 R A TR PR AR X . B
F B A TR PR RE A — 5 BldF . RMSE B % 2°C
VAN o S8 A D0 307 00 Ak i S 500 3 b 1 T4 iR 2 T



%A

X 55 AR BT 2 LA 20 05 i 1T IR RT3 RS 40 16 R 483

HE— PR B ECMWE x5 KA 0. 648°C
AN [ 8 i Bk 268 Fr) et 28 2R AT UL (I 5) 53 Ay
2 2 B Ak S R 1 ) 3 B AR 1% 2% 8 ECMWEF
K B AR, LA XGB R4 (B 5a) . ik S 805
16 0,12,15.18.21.24 h I3k i% 2% F IE % K RMSE
W/NFRIK 22, 8% ~46.6% ,1% 5 LGB 1 CAT #§%
ERREMEES R . A3 MRS R

2.50
2.25+
2.00+

2 1.75

5 1.50

E 1.25
1.00-
0.75-
0.50-!

| IES R SN ES ECMWF 5 24 2 A RMSEZE (]

XGB LGB CAT
Tt Iy ik

K4 202451 H1H=ZE4H30H3FHE
S E IE Bk RMSE

Fig. 4 RMSE of the temperature forecasts by

three models before and after hyperparameter

tuning from 1 January to 30 April 2024

4.0
0 3.51
3.0
£2.51
2.0

1.51

(a) = ECMWE == % [SAES

0 3 6 9 12 15 18 21 24
E L

4.0 (b) == ECMWF = A% [SALE~
0 3.57
3.0
= 2.59
2.0

1.5

0 3 6 9 12 15 18 21 24
T2 /h

070 —=LCMWE == iE = CE
O 3.5
3.0
= 2.59
~ 2.0

1.51

0 3 6 9 12 15 18 21 24
it/ h
B 5 202441 H 1 HZE4 A 30 H(aXGB, (LGB,
(e)CAT A1 2 FiJa & ECMWEF £ 5XAR [W) T 41 B 44
1 B2 Fil 4l i) RMSE
Fig. 5 RMSE of the temperature forecasts
by (a) XGB, (b) LGB, and (¢) CAT models
before and after hyperparameter tuning and
ECMWF model with different forecast lead times
from 1 January to 30 April 2024

FE 3.6.9 h iF &% B B 22 2 B ECMWE 5 5 f
B X — UG AT RE SR R TR LA R A I B T Il Y )
FRAT ZR M PR R o 3 S R RO A 1 R S I K
W B i U Th £ 8 R Jr) R U CAn R T B R L L
A RO BAT g JE B AR LR R ORI <%, 20203 £ A5 16
55.2022) . R R B BRI T AR AL TR
O X 28 1 A AR 45 5L (HL AR By 0 — i 4R
) i O R AR B IK ) 3 86 8 A ) OC B ) B A
SN BLAR 2 T AR AE A 78 o0 il 41 X 28 S A AR L1k W)
FH I T A PN A SIS A L T A B B A AR
IBUE (/e

3.2 MEHERF

FERL 28 27 > S0 0 115 D0 T 5 A0 ] 34 BRUREAE
PR -0 2 o B TR o A O EE U A R AR
PR~ AT ol 4SS 780 B 47 b, Al B2 000 1 P9 A8 R A L (H o T
fE A ok R IE T 4% L B M 75 4% W] 8 (Chandrashekar
and Sahin,2014) , il B WARITIEBLRLM 5, £
Al T R i 23 DXCBURR AU R B 40 ] 9 4 A5 S 9
0 B R5 _ eb I (  EE IX R P i R A AR A Y
K,
3.2.1 F &%t

TE 2R 20 Ak 0 A8 e, B (A = 1
T BE AR i Ah R T LR T R OR R BRI 5 R K
RO S A G B R AiE . 500 hPa Al 5 7 % il
T VA I - A AL A L 5 v e T R L A X O O
S50 T A L S B IXOBR 7 O B0H 1 R . 850 hPa
Bl S ) B M A1 2 K PR T A R ) s R
SR Ak R AR b TR B . PRI AR SR T 2 4
XSS . U 1R 2 m B TR AP I s A
B PG 2 VR R ME— R AR R BRI 5 vk A 2
S 2 5 AR 3 0 S I R IR 1 Y S
RN 2 AR R AE B T 5 — 2 i A TR
KSR DR UL /L N /IR Ok il Sa i O vy
.10 m 45 [ K. 10 m £ [5 K. 850 hPa i FF.
700 hPa kB 5 55 2% Jy 38 1 B AH 5C 43 A 1 O 3
52 1 455 2 ] 190 Hi 15 2850 1) G DX 89 (L, o T
500 hPa {3 # 5 B Al 850 hPa [,

FIF 5 A G 43 B 2 380 3Rl S 0 5 AN () B
A 2 T2 37 19 A G 36 IO o 5 35 P K P A 58 1 X
B Ry 5 B IX 38 O X3 A S 2 (B O TR
IEREF. 6 45 7 2021 4E 9 J 1 H % 2023 4F 12
A 31 H P24k 08:00 i JE 545 ECMWE 0



484 A

% 952 %

55° N+
50
45
40
35
30
25

55°N
50
45
40
35
30
25

120 130°E 80 90

55° N+
50
45
40
35
30

55°N7
50
45
40
35
30

110 120 130°E

25

80 90 100 110 120 130°E » 80 90
55°N+
50
45
40
35
30
25

130°F

110 120

100

110 120 130°E

0.01 0.005

0.001

TE 00 DX T e 35 K P G 38 A DX I

K 6

20214F 9 H 1 H % 2023 4F 12 A 31 H %45 0800 LM S5 ECMWF # X jij— H

20:00 2z 1A 7] FU AR B 2L 500 hPa {7 5 B2 37 1 AR ¢ R A (SR E L0
Fig. 6 Correlation (contour) between temperature observation at 08:00 BT of Xi’an Station and

the 500 hPa geopotential height field forecasted by ECMWF model initiated at 20:00 BT of

the previous day from 1 September 2021 to 31 December 2023
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